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10.1 Pendahuluan

Industri kimia merupakan industri yang mengolah bahan baku menjadi
produk dengan memanfaatkan proses-proses kimia. Gamma Alumina yang
diproduksi dari Gibbsite merupakan salah satu produk yang dihasilkan dari proses
kimia. Metode yang digunakan dalam pembuatan Gamma Alumina ini adalah
dengan proses hidrotermal.

Pada proses ini, gibbsite diumpankan dalam bentuk Slurry yang memilki
kandungan Al(OH); direaksikan dengan HNOj3 untuk menghasilkan produk Al,O3
selanjutnya AI(NO3); direaksikan dengan 2H,O untuk menghasilkan produk
berupa AIOOH. Produk hasil reaksi ini dilakukan pemurnian agar didapatkan
kadar produk mencapai 90% dan dapat dipasarkan.

Reaksi yang terjadi adalah sebagai berikut:

AI(OH)3 ¢ +3HNO3 > AI(NO3)s + 3H,0 AH = - 1.165,83 ki/kmol (1)
AI(NOs)s +3H,0y > AIOOH +3HNO3; AH = -1.165,83 kd/kmol (1)
2AI00H > y-Al203¢ + H,0p AH =-1.165,83 ki/kmol (1)

Reaksi yang pertama adalah Aluminium Hidroksida direaksikan dengan
Asam nitrat menjadi Aluminium Nitrat yang berlangsung secara eksotermis,
sedangkan reaksi kedua yaitu Al(NO3); direaksikan dengan 3H,O menghasilkan
AlOOH,dan reaksi ke tiga 2AIOO0H, secara endotermis untuk menghasilkan
produk berupa Gamma Alumina.

Perancangan pabrik Gamma Alumina harus mempertimbangkan ketersedian
lahan dan bahan baku, pemilihan proses dan peralatan yang digunakan serta
pemasaran hasil produksi. Tahapan proses produksi Gamma Alumina meliputi:
persiapan bahan baku, reaksi proses, dan pemurnian. Sebelum proses produksi
berjalan, langkah awal yang terlebih dahulu dilakukan yaitu, membuat rancangan
peralatan proses yang digunakan.
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10.2 Ruang Lingkup Rancangan

Perancangan peralatan proses yang digunakan dalam produksi gamma
alumina terdiri atas rancangan Mixer 1 (mixer AI(OH)s3), alat pencampuran,
perancangan alat perpindahan panas dan rancangan peralatan pemisah. Rotary
Kiln 1 (rotary kiln Al,O3) merupakan tempat terjadinya reaksi Boehmite dalam
proses produksi gamma alumina , alat Pemisahan fluida cair berupa rotary vakum
filter, alat perpindahan panas berupa heater, serta rancangan dekanter sebagai alat
pemisah. Rancangan lengkap peralatan proses dapat dilihat pada sub bab

rancangan.

10.3 Rancangan
10.3.1 Rancangan Secara Teoritis

1. Mixer (M-101)

Fungsi : Tempat mencampurkan gibbsite,air dan HNOs
Jenis : tangki berpengaduk dengan alas dan tutup Hemispherical
Konstruksi : Carbon Steel SA-285 grade C
Jumlah - 1 unit
Gambar
t — e
ts — Hs| Ht
>
Dt
Data:
- Laju alir umpan = 31841,49 kg/jam
- Laju alir molar, Fao =6501,79 kmol/jam
- Densitas umpan = 1,138 kg/m® = 82,22031 Ib/ft®
- Viskositas = 0,786 Ib/ft.s
- Temperature =30°C
- Tekanan =1atm = 14,50 Psi

- Waktu operasi =1jam



e Kapasitas Mixer (Vr)

. . . laju ali
Kecepatan laju alir volumetric, Fy = 22T Tassa
densitas

= 27,99 m*/jam
Volume mixer dapat dihitung dengan menggunakan persamaan

sebagai berikut.

Ve T

Fao Cao (Levenspil Eq 5.11 hal 194)
Vr = Volume mixer

Fao = Laju alir molar umpan

Cao = Konsentrasi umpan

Maka,

CaoAl(OH)s =22 = 14,55 kmol/m’

CaoFe03 =242 =0,001 kmol/m®

Fv

Cao SiO; = %j’ = 0,002 kmol/m?
CaoNa,0 = FFﬂ = 0,033 kmol/m®
Cao H,0 =Fa0 — 901 65 kmol/m?®

Fv

Cao(NO3)s =42 = 14,55 kmol/m®

Fv

CaoHNO; = F;;: = 1,47 kmol/m®

VR _ 7 .

w10 = <AD (Levenspil Eq 5.(11))
Cho = 217,723 Kmol/m®
Fao =6501,79 Kmol/jam

_ FAOXxt

Ve T cAo
V. =29,86 m®
Factor keamanan =20% (Max S. Peters. Tabel 6, hal 37)
V, =37,32m?

=1318,21 ft*



Evaporators No Latent heat of Flow rate >100:1 15
vaporization Heat-transfer >100:1
Temperatures area
Hammer mills Yes |Size reduction Flow rate 60:1 20
Power input 60:1
Mixers No |Mechanism of Flow rate >100:1 20
operation Power input 20:1
System  geometry
Nozzle-discharge Yes | Discharge Flow rate 10:1 20
centrifuges method Power input 10:1 20

v Elregees Vv

(Walas, table 18.5)
Diameter tangki mixer (Dt)
Vr =Vs +Ve

EJ\CDIE3+ T x Dt3
=4 12

4 D#3
=12 "

= 35,66

3(12Vr

41
Dt = = 1259,43

T x Dt?
Vs =4 =27,996 m®=91.82 ft = 1102,21 in

Ve = 0.1309D° - 5713834
Dt (ID)= 11ft

=3,29m

=129,591 in
Tinggi tangki Mixer (Hr)
Tinggi silinder (Hs) =1,5Dt

Hs =10,79 ft = 3,29 m = 129,59 in
Tinggi head (Hd) = 1/2Dt
Hd =540ft=1,64m=232,39in

Tangki direncanakan diletakkan diatas kaki penyangga yang terbuat dari
besi dengan tinggi 2 m.
Hr = Hs + (2 x Hd) + (tinggi kaki — Hd)



=6,93 m = 26,88 ft = 322,63 in

e Tinggi Cairan Dalam Mixer (Hc)
He  =-% xHr=554m=21850in

e Tekanan Cairan Dalam Mixer (Pc)
Pc =pxgxHc
Pc  =61870,38 kg/m.s* = 0,55 atm = 0,772 bar = 8,18 Psi

e Tekanan Desain (Pd)
Pd =Pop + Pc = 1,56 Bar = 22,68 Psi

e Tebal Dinding Mixer (Td), Tebal Tutup Ellipsoidal (Te)

PR
Td  =SE-06P e (Walas, tabel 18.3)
Tekanan desain (Pd) = 22,68 Psi
Diameter tangki (Dt) =129,59 in
Jari-jari tangki (r) =64,79 in
Allowable stress (S) =13700 Psi  (Peter, tabel 4 hal
538)
Effisiensi pengelasan =0,85 (Peter, tabel 4 hal
538)
Factor korosi yang diizinkan (C) = 0,125 in/tahun  (Perrys, tabel 23-
2)
Lama tahun yang digunakan =10 tahun
Td =t 0,125 x 10 tahun
Td =1,31in=33,35 mm
OD =ID+2TD=13221in
T ﬁi:_%‘r“’;i;:;%if:‘t:{ o A & o o= 15.:3
cSa-230) -
e e i ASME Hoiss i Freeome Vet Cote e min s




36,34 Psi x 135,82 i .
Td = -5 2 x 0,125 in/tahun x 10 tahun
13700 Psi x 0,85 — 0,6 X36,34 Psi

1,46 in = 37,12 mm
PDt

——————+C
Thead = 2SE —0,2P (Walas, tabel 18.4)
Th  =22790 1 (125" %10 tahun
23290,000 tahun

1,31 in = 107,23094 mm

TABLE 18.3. Formulas for Dasign of Vessels under Intarnal Prassure®
Thickness Pressure Stress
item Hin.) Plpsi) Sipsi) Motes
o e — = S — = - — ]
" | 1 +0.6¢
1 i = . = =
Cylindrical shall SEC0EP T, : r=0.260, FP=03865E
DAL T R TR LEAT 1o b TEar T
) 0.885FL SEt PI0.BB5L+0.1¢) ] .
Tarigpherical head (bh SE—GiP TG 1ot B — rfL=006 L=D+2¢t
) PLM 5E| PILM +0.2t) 3+ (Lin"
T e . FAIEV + .20 SEin
orizphericel head (b} 2EE_ 03P M= 03t ar M= a
idal head ic ] TRE PID 020 -
Ellipgnidel head 12 IEE- 03P B+03t TS hiD=4
p— p—-ii T a2y T T -
Ellipsoidal head (o} 3EE 03P Bi L 05 SE K=[24+(Df2n) |6, 2=Dfh=8
Hemispharical head {d] I 25Et FiR +0.21 r=0.780, P=06855E
or shel| 25F-02F A+0.2¢ Fi
cani M _2SEtcosa PID 1 1.2t cos a) -
Toriconical haad fa) 2(5E — 0.BF) cos o Dritcosa 20 Cos o w3
*Momanclature: 0= diamatar (in.), £ = joint afficiency (06=1.0), L = crown radius [in), P = pressure (psigl, b = insida dopth of ellipsoidal head
[irb, = knuckle radius {in.}, @ = radiug {in.), 5 = elicwable stress (pei], 1 =shell or head thickness lin.).
Mate: Letters in parentheses in the first column refer te Figure 18,16

Desain Pengaduk

g . E H
(OO Tw
f&———>
= B+
e D sl
12 =
Viskositas =0,231cP

Jenis pengaduk = propeller 3 blade



.

The three-bladed mixing propeller is modelled on thc| marine

propeller but has a pitch selected for maximum turbulence. They
are used at relatively high speeds (up to 1800 rpm) with low

viscosity fluids, up to about 4000 cP. Many versions arg avail-

able: with cutout or perforated blades for shredding and breaking
up lumps. with sawtooth edges as on Figure 10.2(g) for cutting
and tearing action, and with other than three blades. The
stabilizing ring shown in the illustration sometimes is included to
minimize shaft flutter and wvibration particularly at low liquid
levels.

The turbine with flat vertical blades extending to the shaft is
suited to the wast majority of mixing duties uwp to 100,000 cP or
so at high pumping capacity. The simple geometry of this design
and of the turbines of Figures 10.2(c) and (d) has inspired
extensive testing so that prediction of their performance is on a
more rational basis than that of any other kind of impeller.

The horizontal plate to which the impeller blades of this turbine
are attached has a stabilizing effect. Backward curved blades
mav be used for the same reason as for type €.

Diameter pengaduk (d) =— (Mc.cabe, hal 243)
=1,09 m = 33,35 mm

Jarak pengaduk dari dasar tangki (E) = g =0,36 m=0,78 cp

Tinggi pengaduk (H) =(Hs+2xHe)-E
=6,21m
Jarak baffle dari dasar tangki =% xd=0,54m

(Walas,,hal 288)
Diameter penyangga pengaduk (Dd) =2/3 x d (Geankoplish, 144)

=0,73m
Diameter batang pengaduk =1/8xDd=0,09m
Panjang daun pengaduk (L) = % =0,27 m=0,96 ft
Lebar daun pengaduk (W) = % =0,21m=0,71ft
Lebar baffle (J) =22=0,27m = 0,89 ft
Jarak baffle dari permukaan = 1/6 x lebar baffle
= 0,04 m (Walas,,hal 288)
Kebutuhan pengaduk (n) = WfDLH (Rase, pers 8.9)
p zat

SPGR =1,28085

p referensi




WELH = water Equivalent Liquid Hight

WELH =Hc x SPGR =12,84124738
Kebutuhan pengaduk (n) = 2 buah
Jarak antar pengaduk = % =289 m

Kecepatan Putar Pengaduk (N)
N A

{ﬂ_gﬂ}ﬂ.ZE

‘DE'

(Rober Treybal-Mass Transfer Operations)

Dimana,
o = 72,75 dyn/cm = 0,0050 Ibf/ft
gc =322 ft/s?

Dt g, \°25
(1,22 + 1,25 ( d ))x (_,OQ)

N =
1,22+1,25 x(25)) x(22%)0,25
:< ' X(;))x( ) = 0,29 1ps
Daya Pengadukan
_pXNxd®
Re i

(Mc.Cabe & Smith - Unit Operations Of Chemical Engineering 5th,Pers
9.17)

NRre =436521,007
Karena Nge > 10.000 maka,

K3 a8 =
P = e
Kr =0,95

TABEE w5 .

Wiales of constants &, and KX in Egs. (9.21) sl
(2.23) for bailled tanks having Your baffles ar tank
wall, with width equ=l o 10 percent of the tank
diamcter

Type ol Tragee] ber My L

Propailer, thres Diades
rige-ln 1 W50 a1 [ R

I Mitchk 1.52= puni o I
Six-blude clisk™? (83 == D25, 5, == (h2] 55 57
Six curvced blndes®® (S, — L2 Tk - B
Sisc pircherl bindes*™ {457, T4 = L2} - 1.3
Four prhiclhed blades?™ (457, S, e O02) Aul S 177

Flat paddle, tywo blodes"" (3, — 0.32) 5.5 1.70

Anchor?® eliie] mES




P =84,009316 Ib.ft/s = 0,95 Hp

daya _ 0,95

Effisiensi motor = apasitas ~ 08 1,193 Hp
2. Rotary Kiln (RK-31701)
Fungsi : Untuk mengkalsinasi kaolin menjadi metakaolin
Bahan konstruksi : Carbon Steel (SA-285 Grade A)
Jumlah : 1 Unit
Gambar

Data :

- Jumlah umpan : 35.627,59 kg/batch
- Tekanan :1atm

- Temperatur  :540°C

- Densitas : 2200 kg/m?®

Kapasitas over design 10 %, maka :
= 35.627,59 kg/batch x 1,1
= 39.190,4 kg/batch
e Data desain :
Dari Tabel 12-20, hal. 12-M&UY 59, Perry’s ed.7th, digunakan Rotary Kiln
untuk Al,Si,Os(OH), / Kaolin (batu kapur/limestone) dengan spesifikasi :
- Kapasitas = 35.627,6 ton/batch
- Diameter (D) =7 ft=2,28 m
- Panjang (L) =125 ft= 28,1 m
- Power (P) =20-30 Hp

- Jumlah unit = 1 unit



Ua

Menentukan Koefiesien Perpindahan Panas Volumetrik

_ 05xG'G" (Mc-Cabe 1999, Pers. 25-28)
B D

Keterangan,

Ua = Koefisien perpindahan panas volumetrik, ﬁ

G’ = Kecepatan superficial udara, S% = 369 Ib/jam.ft*

D = Diameter Kiln (ft)

Maka,

g 08 2369%
AT T7s5h

Ua = 3,49797 BTU
= ft3 jam °F

Menentukan luas penampang Rotary Kiln

T
S = — xD?
4x

=44,15ft=13,45m

Menentukan Tekanan Desain

Asumsi:

a) Tekanan ke arah dinding kiln diabaikan karena material termasuk free
flowing sehingga pada proses pengeluaran bahan tidak menempel pada
dinding kiln.

b) Tekanan di dalam kiln hanya terjadi karena akibat gaya gravitasi yaitu
berupa tekanan hidrostatik saja.

Pdesign = Poperasi T Phidrostatik

Phidgrostatik =p X g X h

Keterangan:

p = Bulk density material (kg/m®)

g = Tetapan gravitasi (m/s°)

h = Diameter kiln (m)

Phiosatic = 3950 % x 9,8 =% x 2,28 m

=88.491,1 kg/m s* = 0,3 atm



Pdesign =1atm+ 0,3 atm
=1,3 atm (BELUM)

e Menentukan putaran Rotary Kiln (N)
Vp
mtxD
Dimana :

N = Putaran Rotary Kiln, (rpm)
Vp = Kecepatan peripheral, (ft/menit)

=75 ft/menit, (Vp = 60-75 ft/menit, hal.12-57, Perry’s ed.7th)
D = Diameter inside Rotary Kiln, (ft) =5 ft

_ 75
"~ 3,14x 7,5 ft

=3,18 rpm

e Menentukan daya Rotary kiln

N

Berdasarkan Perry's 7th, jumlah total daya untuk fan, penggerak dryer dan
conveyor umpan maupun produk berkisar antara 0,5 D? - 1,0 D? (kW). Pada
perhitungan ini diambil total daya sebesar 0,5 D? sehingga :
P =05x(7,5)ft

= 28,12 kW (37,71 hp)

3. Rotary Vakum Filter (RVF-31101)
Fungsi : memisahkan partikel di dalam umpan
Bahan konstruksi : Stainless Steel (SA-240), Grade 304 18 Cr-8Ni
Jumlah 1
Gambar

Data:



Laju alirmassa  : 346.470,3166 kg/jam

Padatan : 24.508,1518 kg/jam
p padatan : 9.028,62 m*/jjam
Laju alir filtrat ~ :90.723,17 kg/m? jam
p filtrat :90.723,17 m*/jam

24.508,1518 kg/jam
9.028,62 kg/m3

= 2,714 m®/jam

Rate volume padatan =

_90.723,17 kg/jam

Rate volume liquid
90.723,17 kg/m3

=1 m%jam
Rate volume slurry = (2,714 + 1) = 3,714 m*/jam

2,714 m3/jam
3,714 m3/jam

Cx = konsentrasi padatan = =0,7307 m¥jam

Cs = £Liirencr - 072307 X 07507 - 66.298,3401 kg solid/mfiltrat
1-Cx 1-0,7307
Diketahui:

Putaran rotary vakum filter (tc) = 250 s

V_ 1 m3/jam
tc 250 m3/jam

= 0,004 m¥/s filtrat
Fraksi drum yang tercelup dalam slurry = 33%
APdianggap = 90 kpa = 9x10* Pa
a = (4,37.10%).(90.10%)°2 = 1,3389.10" m/kg
i campuran = 1,3639x107 kg/m.s
1. Menghitung Luas Silinder
Untuk menghitung luas silinder substitusi ke persamaan 14.2-24
(Geankoplis, 1993), dimana:
o= mj/s ﬁltrat: (250 x 1,3639.12096—2’3631?(3%98)(91.3311 X 66.298,34 )1/2

A= 400.179.268,3 m?

Karena luas permukaan silinder (rotary vakum filter) besar maka alat rotary
vakum filter dibuat menjadi 3.

A= 400.179.268,3 m?/ 3

= 133.393.089,4 m* = 1.435.829.875 ft’



2. Diameter silinder
L=2D
A=n.D.L
A=m.2.D°
90,12 = 2 x 3,14 x D?
D =4.608,78 m
Maka lebar silinder, L=2D =2 x 4.608,78 m = 9.217,57 m
3. Daya Motor , Hp
Untuk mengetahui daya motor rotary vakum filter dapat dihitung dari
persamaan berikut:
HP = 0,005 hp/ft? x A
= 0,005 hp/ft® x 1.435.829.875 ft
=17.179.149,62 HP

4. Heater (30-100)°C (H-10701)

Fungsi : Memanaskan slurry Gibbsite sebelum memasuki
reaktor

Tipe . Sheel and Tube Heat Exchanger

Jumlah - 1 unit

Bahan Kontruksi : Duplex Stainless Steel

Gambar
tube  shell
outlet  inlet
<_‘I LA
3 J
L 7. ‘: e
| 1/C 14
baffles shell tube
outlet inlet
Data:
Fluida panas : Steam
Laju alir massa masuk : 16.811,16 kg/jam = 37.068,61 Ib/jam
Temperatur masuk (T1) : 200°C = 392 °F
Temperatur keluar (T2) 1 66,24 °C = 151,24 °F

Fluida dingin : Slurry Gibbsite



Laju alir massa masuk : 191.048,95 kg/jam = 421.262,95 Ib/jam

Temperatur masuk (T1) :30°C=86"°F
Temperatur keluar (T2) :100°C =212 °F
e LMTD (Log Mean Temperature Difference)
Fluida Panas (F) Temperatur Fluida Dingin (F) Selisih
392 Tinggi 212 180 AT2
151,24 Rendah 86 65,24 AT1
Tag =% (T1+T) =% (392 +151,24) °F = 543,24°F
tng =% (t+t) =%(212+86)°F =298 °F
L, L AT2
LMTD = (AT 2-AT1)/In( )
AT1

LMTD = 113,08 °F

05 o7 0.8
S

n TON FACTOR,
1Lt 2 SHELL PASSES 4-0OR MORE TUBE PASSES
e

r. | 1

Fio. 19, LMTD corroction fact for 24 b v (Sonderds of Tubuler Exch Manuf v A 1ot 24‘0&.
New York, 1949.)

S = 0.89R

Faktor koreksi LMTD
R 7'N—-T7T2
2 —171 | =0,1062

_ 2 —71
Z1—71| =0,898

LMTD = (ATZ—ATI)/]n(&)
AT1

VIVA NOILVIAIIVD 40 XIANIdIV
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Maka dari gambar 21 D.K. QERN didapatkam faktor koreksi
adalah sebagai berikut:

09z
My = fxIMID . 30,49 °F
Menentukan luas area perpindahan panas (A)

0
deATMD

Dari tabel 8 D.Q. KERN maka didapatkan koefisien perpindahan

panas sebesar:

Hot fluid Cold fluid Overall Up
Steam Water 200-700§
Steam Methanol 200-700§
Steam Ammonia 200~700§
Steam Aqueous solutions:

Wmm
Steam More than 2.0 cp | 100-500
Steam Light organics 100-200
Steam Medium organica 50-100
Steam Heavy organics 6-60
Bteam Gases 5507

Ud =700 Btu/jam.ft>.°F
Q = 39.467.567,94 kj/jam = 34.883.180,54 Btu/jam
A =49516ft

Nilai A > 200 ft* maka tipe heat excanger yang digunakan adalah
Shell and Tube. (DQ Kern Hal - 103)
Spesifikasi Shell and Tube

HE dirancang dengan menggunakan tube 0,75 in dengan 20 ft,
maka dari tabel 10 D.Q.KERN diperoleh data sebagai berikut:

OD (in) | A" (ft%) | BWG | L (ft)
1 0,2618 | 18 | 20

Menentukan Jumlah Tube

~Nr— <L
L xc'’
Nt = 94,56 = 104 buah

Dari tabel 9 D.Q.KERN, untuk jumlah tube didapatkan spesifikasi
perangcangan HE sebagai berikut:



TasLe D.

PROCESS HEA

Tose-saeer Lavoor
Triangul:

34 in. OD tubes on 1% g-in. triangular

pitch

1-FP

2-F 6-F | B8P

=
(4] =]

1377 10330 11258 11245 (1212 |

Shell side

Tube side (Tabel.10 DQ kern)

Diameter dalam (ID)

Diameter dalam (ID) in 0,902

Baffle space (B)=0,4x1D

Diameter luar (OD) in 1

Passes (n)

2 BWG

18

Pitch (Pt) 1,25

Passes (n) 6

Panjang (ft) 20

Panjang (m) 6,10

Jumlah Tube (N) 104

Shell: Fluida Panas

tube: Fluida Dingin

e Flow area

B=34/9in

Clearence (C’) =Pt—- 0D
=125-1
=0,25in

Flow ares, a, = ID X C'B/144Pr, it?
Flow area (a5) = 0,0826 ft?

e Mass velocity
w

a

G =
37.068 Ib/jam
0,082 ft?

e Flow Area

a’ = 0,639 in?
o = Niay/144n, ft?
=0,0769 ft2

e Mass velocity

w

a

421.262,91b/ jam
0,076 ft*

= 5.476.874,69 Ib/jam ft?

Gt=

e Bilangan Reynold
tav = 149 °F




448.467,137 Ib/jam ft°
e Bilangan Reynold
Tav = 316,71°F
u= 0,015cP (Fig 15 Kern)
=0,0363 Ib/ft.jam

De = 0,0458 ft
Nee = De.G,
y7]

0,0458 ft x192.090,38 Ib/ft? jam
0,0363 Ib/ft.jam

=250.114,12
e jH
JH =180 (Fig 24 Kern)
¢ = 0,45 Btu/lb°F (Fig 3 Kern)
k =0,0154 Btu/jam ft* °F/ft)
(Tabel 5 Kern)

y Cﬂ% 014
ho = jHX g X —— X A

ho/®s = 92,84 Btu/hr.ft*(-F)

ho
_ tc+&

~ ho  hio
ostor

tw

X (Tav — tav)

=18,33 °F
pw = 0,46 cP = 1,1132 Ib/ft.jam

0,14
(s
®s = (HW) 0,94
ho _
os X 05 =

ho 87,44 btu/ ft>.hr

u= 0,39cP (Fig 15 Kern)
= 0,96 Ib/ft.jam

D =0,0752 ft
N, = DG
n

~ 0,0752 ftx 5.476.874,69 lo/ft? jam

0,9621 Ib/ft.jam

= 427.854,75
e JH
jH =650 (Fig 28 Kern)
¢ = 0,31 Btu/lb °F (Fig 2 Kern)
k = 0,158 Btu/jam ft* (°F/ft)
(Tabel 4 Kern)

) Cﬂ% 014
hi = JHX og X —k— X W

hi/dt = 1.689,89 Btu/hr.ft2(F)
hi ID

hio
—_— = — X —=
ot ot oD

pw = 0,1 cP = 0,962 Ib/ft.jam

ot = (5_‘:/)0,14: .

857,85 Btu/hr.ft*(°F)

e Koreksi hi

hio

hio == x @t = 1.524,28 btu/ ft.hr

Uc

Clean overall coefficient (Uc)

_ ho x hio
ho + hio

= 82,7004 btu/ ft®.hr. °F

Desain overall coefficient (Ud)




=0,0105

e Pressure Drop

De =0,0825ft Untuk Ngret = 427.854,75
Res =50.962,17 f= 0,00014 ft
f=0,0001 ft s =2,03 (Tabel 6 Kern)
s=1 (Tabel 6 Kern) p =62,5x2,03=126,87 Ib/ft®
Gs = 448.467,13 Ib/jam ft° ___ fGiLa -

APt = 552 X 105Dsg, Bd (7:45)]
N +1=12L/B =69,75 _

= 5,24 psi
Ds = ID/12 = 14/9 = 1,55
JGID.(N + 1)
AP = 522 X 100°Dsg, o0 (749)]
= 0,467 Psi

10.3.2 Rancangan Secara Simulasi Super Pro
Adapun rancangan alat secara simulasi super pro dapat dilihat dibawah ini.
1. Mixer (M-

Adapun rancangan alat mixer secara simulasi super pro dapat dilihat dibawah

ini.

Stream 5-104 ( P-2 > P-6) X

Compostion, etc. Physical State  Env Propetties  Comments

Stream Cortents O Total O Liquid/Solid © Vapor

Composition Data

& Flowrate Mass Comp Concentration Extra Cel
B Tt kah) | ) | oy 2
1 7960373000 100,0000 1501651177 100,00

=

Total Flowrates Temperatwe [3002 [T (3]
Mass Flow [TE03T0—— kg/h Pressure [2027  [bar 3]
Volumetic Flow [53010.800  Lh Erthaby [TTSEEBE  kivhvh
Activiy [D00 U/mL
Units Mass[kg  [¥] Vel[T  [¥] Compostion|% |¥] Conc.[oL  [¥] Enthalpy[kWh [¥]
Time Referencefor lows O Fsiels O Soaree Cwle O Desinwnnueie O Time Average | eS|

v ok | X cancd| @ Hep |




Stream 5-107 (P-5--> P-6) X
Composition, etc.  Physical State  Env.Propetties  Comments
Stream Cortents O Total C Liquid/Solid © Vapor
Composiion Date
Flowrate Mass Comp. Concentration EdraCel
S o) | ) | i | &) |
1 3177780947 99,8000 950,895792 100,00
2 Fe203 318410 0,0100 0,099287 100,00
3 Na20 5731470 0,1800 1787187 100,00
4 502 318410 0,0100 0,099287 100,00
Total Flowrates Temperature [3000  [C  [#]
[for3 [ear |
Mass Flow [37847,.252 kg Lstee] VG ox
Volumetric Flow [32068,779 Lh Enthapy | 256,070 kW
Activity [0.00 UsmL
‘Uris Mass [kg Val.[T Compasttion [7 Canc.[g/L Enthalpy [KWTH
|Time Refernca forFows O e O c O i O Time Average | e
v oK | X Cancel| @ Hep |
REACT-1 (Centinuous Stoich. Reaction) X
OperConds Volumes Reactions Vent/Emissions  Laber, etc.  Deseription

Themal Mode
© Set Final Temperature [30,01 | C
O {idiabatici

O Set Duty

O siewep[000 [keam (]

o o Tedn 3
Heat Transfer
Agent Chiled Water
Inlet Temp [500 C
Outlet Temp [1000 T
Rate [0.00 ka/h

Gassous Companents Avalable to React [

Power Consumption ffor Agitation, etc.)

Q Set Specic Power [00000  [WW/n3
O SetTotal Power ~ [00000 kW (3]
O SetPowerperUnt [00000 (kW (3]

Power Dissipation
to He:

Heat 110000 %

Alow for a Splt After Reaction [T

v 0K | X Cacdl| @ Hep |




Stream S-108 ( P-6 --> P-7)
Composition, stc.  Physical State  Env.Propetties  Comments
Stream Contents O Totel © Liqud/Soid © Vapor
Composition Data
Flowrate Mass Comp Concentration EdraCel
C nt
“meene ka/h) [} | /L) | ) |
1 86777,86432 778642 778,226468 100.00
2 Fe203 318410 0,002 0028552 100.00
B Na20 5731470 0.0514 0514660 100.00
4 Nitric Acid 2587.76430 23220 23,236968 100.00
5 502 318410 0.0023 0028552 100.00
6 Water 2201835525 13.7567 197714357 100.00
Total Flowrates Temperaturs [30,01 T
P b
Mass Flow [T17447.667 kgh = |
Volumetric Flow [T17362,113 Lh Enthalpy [1060.562 kWh
Activiy [3.00 Utml
Units Mass[kg |
Time Reference for Flows (©) e
v oK | X Cancal|

2. Heater 1 (HE -301)
Adapun rancangan alat Heater secara simulasi super pro dapat dilihat

dibawah ini.

Stream 5108 (P-7 > P-8) X
Compostion, etc. | Physical State  Env Propertes Comments
Stream Cortents O Tol © Liquid/Solid © Vapor
Composition Data
Fowrate Mass Comp. Concentration Extra-Cell
S tarh) [ | o) | o)
1 6777.66432 778642 779215407 100,00
2 Fe203 3,18210 0.0023 0028591 100,00
3 Na20 5731470 0.0514 0514653 100,00
1 Nitic Acid 2587,76430 23220 23.236638 100,00
5 si02 3,18210 0.0023 0028591 100,00
5 Water 2201835529 19.7567 197712191 100,00
Total Flowrates Temperature [3005 [T |
Mass Flow [TTT227667 ka/h sy 213 M b
Volumetric Flow [T11365 694 Lh Enthalpy [1061.815 KiW-h/m
Activity [0,00 U/mL
Unts Mass[kg |
Time Reference for Alows € O :
v 0K | % Cancel| @) Hep |




HEAT-1 (Heating)

Oper.Cond's  Labor, ete. Description

Heating Specification

.0 T (EA]
O Set Heating Duty  [27039022.0 [kealm 2]

Heating Agent
Name [ Steam (Hiah P) ~]
Inlet Temp. [242.00  C

Outlet Temp. [22200  C

Rate [50135.86 kah  [#]

Heat Transfer Coeff. [1500,00 Watt/m2K
Heat Transfer Effic. [ 100,00 %

v 0K | 3¢ Cancdl| Hep |

Stream 5-110 (P-8 --» P-8) X
Composition, &tc.  Physical State  Env.Properties Comments
Stream Contents Q Total € Liquid/Solid C Vapor
Compostion Data
Aowrate Mass Comp Concentration Extra-Cell I
C nt ;
eRens fka/h) ) [H1) L] |
1 86777.86432 77,8642 2,656560 100.00
2 Fe203 318410 0.0023 0.000057 100.00
3 Na20 5731470 0.0514 0.001755 100,00
4 Nitic Acid 258776430 23220 0.079220 100.00
5 si02 318410 0.0029 0.000097 100.00
& Water 22018,35529 19,7567 0.674055 100.00
Total Flowrates Temperature [20000 | C ]
Mass Flow [ 111447 667 ka/h S | S bar i
Volumetic Flow [32665457, 761 Lh Enthalpy | 25513.366 KWhh
Activity [ 0,00 U/mL
Urits  Mass [ka Vol [T Composition [ Cone.[o/L Enthalpy [V
Time Reference for Flows (@ EFEv I o) iynie (@ Time Average h
v oK | X Cancel| ) Hep |

3. Rotary Vakum filter (RVF-301)

Adapun rancangan alat rotary vakum filter secara simulasi super pro dapat

dilihat dibawabh ini.



Stream 5-114 (P-11 --> P-12)

Composition. efc.  Physical State Env.Properties Comments
Stream Cortents O Total C) Liquid/Solid C) Vapor
Composttion Data
Fowrate Mass Comp. Concentration ExtraCell
o karn) ) | /) | (2] |
1 24444 46882 11,4733 130.427615 100.00
2 Fe203 318410 0.0015 0.016989 100.00
3 Na20 5731470 0.0269 0.305812 100.00
4 Nitric Acid 79603, 73000 37,3630 424,739223 100.00
5 Si02 318410 0.0015 0.016989 100.00
6 Water 108943.20176 51,1338 581,284958 100.00
Total Flowrates Temperature [30.00  [C
Mass Flow [213055,083 kg/h Fressure [2013 - fbar
Volumetric Flow [187417.893 L Enthalpy [ 5205.736 kW-h/h
Activity [0,00 Wml
Units Mass [kg Composition [T Enthalpy [V h
Time Reference for Fows (o] (o] Q Time Average h
v 0K | % Cancel| [@) heb |
FILTER-1 (Retary Vacuum Filtration) x
OperCond’s  Labor, etc.  Description
Particulate Componert Removal Filtration Time
Component % Removed | ~
0.00
HIOH)3 000 e
" ige Filirate Flux
1 1250000 |L/m2h
AOOH 100,00 {loading)
Fe203 20.00
gamma alumina 0,00 Pawer Consumption
Na20 0.00 Pawer Type | Std Power
Niric Acid 0.00 ©Q Set Specific Power  [0,0000 kW/m2
Hitrogen 0.00 © Set Totel Power  [0,0000 [kW
Oxygen 0.00
?E_‘ S w ' Set Power per Uit [0,0000 KW
Cake Dryness Cake Wash Stream
© LoD 40,0000  *
- 5115 [FIE[ES
O Cake Porosity 04000  wiv
Amount
© Avalable In Wash-In Stream
© Volume 468 vol/vol cake

per Cake Volume

Help

v oK | % cancel|




Stream 5-117 (P-12 --» P-13) *
Composition, etc. Physical State  Env Properties Comments
Stream Contents O Total C Liquid/Solid C) Vapor
Composition Data
Flowrate Mass Comp Concentration ExtraLel
Copmcr ) ) | @) | ) |
1 2444446882 56,2428 558,999731 100,00
2 Fe203 0.63682 0.0015 0.014563 100,00
3 502 0.63632 0.0015 0.014563 100,00
4 Water 13016,62550 43,7542 434 375006 100,00
Total Flowrates Temperature [27.20 [T |
P b
Mass Flow [43262,368 kg/h L E = [3]
Volumetric Flow [43728,946 Lh Enthalpy [831,570 kWhh
Activity [0,00 UsmL
Units  Mass [ikg Vol.[T [¥] compestion [ [¥] Cone.[a/L Enthalpy[\Wh (]
Time Reference for Flows O seh O toweeipi O e ek O Time Average h
v 0K | % Cancel | () Hew |

4. Rotary Klin 1 (RK-301)
Adapun rancangan alat Rotary Klin secara simulasi super pro dapat dilihat

dibawah ini.

Stream 5-117 (P-12 --> P-13)
Compostion, etc. | Physical State  Env.Propetties Comments

Stream Cortents O Total C Liquid/Selid ©) Vapor

Compostion Data

Flowrate Mass Comp. Concentration Exra-Cell
T e = | = | < |
1 24444 46882 56,2428 558,999731 100,00
2 Fe203 0563682 0.0015 0.014563 100,00
3 502 063682 0.0015 0.014563 100,00
4 Water 1901662550 43,7542 434,875006 100,00
Total Flowrates Temperature [2720 | C |
Mass Flow [43462,368 kg e (I
Volumetric Flow [23728,946 Lh Enthapy | 831570 kW

Activity [0,00 UsmL

Units Mass [kg

Time Reference for Flows

v OK | % cancal|




Stream 5-116 ( P-13 --» P-17) X

Composition. etc.  Physical State  Env.Properties  Comments

Stream Contertts. O Total C Liquid/Solid C Vapor
Composition Data
Flowrate Mass Comp. Cancentration Extra Cel
Eme () | &) | ) | () |
1 063682 0.0015 0014562 100.00
2 gamma alumina 20777,79850 47,8031 475116040 100,00
3 502 063682 0.0015 0014562 100,00
4 Water 22686,35138 52,1940 518,758011 100,00
Total Flowrates Temperature [2720  [C |
[0 [ear |
Mass Fiow [43465 424 kah fresmee INUI3EA Ioar
Volumetiic Flow [43732.050 Lh Enthalpy | 831,570 KW-h/h
Acivity [0.00 UsmL

‘UrisMasskg [# vellL [#] Compositen [ [¥] Cone.[a/L [#] Enthalpy[kWH - [¥]
|Time Referencefor flows O O Time Average |

v C0Ko 126 Cancet] -+ B Helpn




BAB XI
KESIMPULAN DAN SARAN

11.1  Kesimpulan

Berdasarkan uraian dan hasil perhitungan dari bab—bab sebelumnya pada
pra rancangan pabrik Gamma Alumina dengan kapasitas 150.000 ton/tahun dapat
disimpulkan sebagai berikut :

1. Pra rancangan pabrik Gamma Alumina dari Gibbsite dengan kapasitas
150.000 ton/tahun direncanakan untuk memenuhi kebutuhan dalam negeri
dan sebagiannya di ekspor ke luar negeri.

2. Dari analisisis teknis dan ekonomi yang dilakukan, maka pabrik Gamma
Alumina dari Gibbsite dengan kapasitas 150.000 ton/tahun layak didirikan di
Kepulauan Riau. Pra rancangan pabrik Gamma Alumina dari Gibbsite
merupakan perusahaan berbentuk Perseroan Terbatas (PT) dengan struktur
organisasi line and staff dengan jumlah tenaga kerja 166 orang yang terdiri
dari 128 karyawan shift dan 38 orang karyawan non shift.

3. Dari perhitungan analisa ekonomi, maka Pra rancangan pabrik Gamma
Alumina dari Gibbsite ini ini layak didirikan dengan :

e Fixed Capital Investment (FCI) =US$ 32.522.933,61
= Rp. 508.739.988.929,10

e Working Capital Investment (WCI) = US$. 21.599.202
= Rp 337.865.510.734
e Total Capital Investment (TCI) =US$ 21.599.202
= Rp. 337.865.510.734
e Total Production Cost (TPC) = US$ 32.522.934
= Rp. 1.547.725.443
e Total Sales (TS) =US$ 1.608.000.000
=Rp. 23.086.458.000.000
e Rate of Investment (ROI) =43,%.

e Pay Out Time (POT) = 2 tahunl bulan 28 hari



e Break Event Point (BEP) =57 %.

11.2 Saran

Berdasarkan pertimbangan dari analisa ekonomi yang telah dilakukan
pabrik Gamma Alumina dari Gibbsite ini layak untuk dilanjutkan ke tahap
rancangan pabrik. Untuk itu disarankan kepada pengurus dan pemilik modal untuk
dapat mempertimbangkan dan mengkaji ulang tentang rancangan pabrik Gamma

Alumina ini.
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