Appendix A

APPENDIX A

PERHITUNGAN NERACA MASSA

Kapasitas 15000 kg DME
t tahun : 330 han

satuan massa | kitfogram ( kg )
satuan waktu : hari

A.l Perhitungan dengan Basis

Untuk reactor 1

_— —— —_ _ §purge
- Recycle ‘4

e N
- Reok tor concenser \
feed f .
L F—] /
~

~— me'\honc]

—
--‘-__ —r— ——

Basis : Feed masuk terdiri atas 300 mol CH, dan 150 mol O»

X = (mol CH; + mol O ) pada recycle
Y = ( mol CH, + mol O; ) pada purge

asumsi : pada cooler methanol terkondensast seluruhnya
Feed masuk terdin atas :
1.Gas alam, dengan komposisi: { Hermadi, 2000 )
metana = 300 kmol =300 x 16
13.09 %

71.01%
791 %

ctana

propana = x 300 = 334178 kmol =35.4178 x 44

71.01%

x 300 = 55.3021 kmol = 55.3021 x 30

it

I

4800 kg
1659.0621 kg

1470.3845 kg

Prarencana Pabrik DML duri gas alam
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: 1.68 % '
i-butana = 7]601; x 300 = 7.0976 kmol= 7.0976 x 58 = 411.6603 kg
B (1]
Q
n-butana = 2.09 % x 300 = 88297 kmol = 8.8297x 58 = 512.1251 kg
71.01°%
, 7%
i-pentana = 1 01% x 300 =4.9430 kmol = 4.9430x 72 = 355.8935kg
102%
n-pentana = 10T x 300 =4.7317kmol = 4.7317x72 = 350.1924 kg
. 0
1.93% -
heksana = 1011 x 300 = 8.1538 kmol = 8.1538x86=  701.2252 kg
. 0

2. Udara, dengan komposisi :

oksigen = 150 kmol = 150 x 32 4800 kg
79 %

nitrogen = 1% X 150 = 64.2857 kmol = 5642857 x 28 = 15800 kg
0

i

............................................

Total = 30860.5431 kg

Bagian masuk reactor 1 = Feed + Recyele :

~CHy = ( 300+ 2/3 X ) kmol
~0 = ( 150+ 1/3X)kmol
- --- -t
450 + X

asumsi : mo! inerts masuk reactor 1 = 10 x { mol CH; + mol O, ) masuk reactor
~inerts = 10 (450 + X ) kmol

2 CH, + O —  2CH.0OH konverst 70 %
(Bhatt,1990)
M 300+ 2/3 X 150+ 1/3 X
R 07(300+23X) 07(150+1/3X) 0.7 (300 +2/3X)
S 03(300+2/3X) 03(150+1/3X) 0.7 (300 +23 X)
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Bagian keluar reactor 1

~CH, = 0.3( 300+2/3X)kmol
~0, = 0.3( 150+ 1/3X ) kmol
............... +
0.3 (450 +X)
~inerts = 10 (450 + X ) kmol

~CH:;OH = 0.7 (300 + 1/3 X ) kmol

mol inerts keluar reactor 1 10,450+ X)) . .-
= p = 332000
(mol CH, + mol O,) keluar reactor]  0.3.(450+.Y)
mol inerts purge mol inerts keluar reactor 1 .
e = =33.3333

(maol CH ; +mol O,) purge - (mol CH ; + mol O,) keluar reactor |

mol inerty purge =13.333

maol inerts purge = 33.3333Y
mol inerts l'eed = mol inerts purge
686.7614 =33.3333 ¥

Y =20.6029

mol CH , keluar reactor 1= mol CH , recycle+ mol CH | purge

03(300+2/3X)= 2/3X + 2/3Y
90+02x% = 2/3 X + 2/3(20.6029)
76.2647 = (2/3-02)X
X = 163.4244

maka :

* Bagian masuk reactor 1
~CHy =( 300+ 2/3X)
~0; =(150+1/3X)

408.9496 kmol =6543.1936 kg
204.4748 kmol =6543.1936 kg

Won

* Bagian keluar reactor 1 :
~metana = 0.3 (300 + 2/3 X) = 122.6849 kmol = 1962.9581 kg
~oksigen =03 (150 +1/3X) = 61.3424 kmol = 1962.9581 kg
~ methanol =0.7 (300 + 2/3 X) = 286.2647 kmo! = 91604710 kg

Prarencana Pabrik DME dari gas alam
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Untuk reactor 2

— e T
] —
e Recyele ~
reﬂ.d \
\ f‘f'&":ﬂol /
+ mengr
~ destﬂ:sn —~

———

Feed methanol masuk = hasil dari reactor 1 = 286.2647 kmol

X = jumlah kmol recycte = hasil atas menara destilasi D-220
Y = hasil bawah menara destilasi D-220

Asumsi : Pada cooler, methanol dan H,O terkondensasi seluruhnya
Destilat terdiri atas 99% methanol
Bottom terdiri atas | % methanol

Bagtan masuk reactor 2:
~mcthanol : 286.2647 + 099 X

~H,0 o 0.01X
2 CH,0OH — CH;OCH; + H;O  konversi 80%
(Wang 8., 2001)
M 286.2647+ 0.99 X 0.01 X

R 0.8(286.2647 + 0.99 X) 0.4(286.2647 + 0.99 X) 0.4 (286.2647 + 0.99 X)
S 0.2(286.2647 + 0.99 X) 0.4(286.2647 + 0.99 X) 0.4 (286.2647 + 0.99 X)+0.01X

Feed = Product DME +  Bottom Product
2862647 = 0.4(286.2647+099X) + Y
1717588 = Q396X + Y ... (D)

methanol keluar reactor 2 = methanol pada destilat + methanol pada bottom
0.2 (286.2647 + 099 X)= 099X + 0.01Y
572529 = 0.792X +001Y ... (2)

Prarencana Pabrik DML dari gas alam
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dari persamaan 1 dan 2 diperoleh
X = 70.4727 kmol
Y = 143.8516 kmol
Maka pada bagian masuk reactor 2:
Methanol = 286.2647 + 0.99 X = 356.0327 kmol = 11393.0464 kg
H.0 = 001X = 0.7047 kmol= 126851 kg
total = 11405.7315 kg
Bagian keluar reactor 2
Methanol = 0.2 (286.2647 + 0.99 X) = 71.2065 kmol = 2278.6080 kg
H,O = 0.4 (286.2647 + 0.99 X)+0.01X = 142.4131 kmol = 2576.1204 kg
DME = 0.4 (286.2647 + 0.99 X) = 143.1178 kmol = 6551.0026 kg

............................

total = 11405.731 kg

Dengan basis 300 mol CH, dan 150 mol O, pada feed, diperoleh DME sebanyak
6551.0026 kg

Maka untuk mempercleh DME sebanyak 15000 kg dibutuhkan feed masuk

~CHs =300 x —1-5—099—-'—‘ 686.9178 kmol = 700 kmol
6551.0026

~ 0;= 150x ——1—5—992~—= 343.4589 kmol = 350 kmol
6551.0026

untuk perhitungan neraca massa dengan kapasitas 15000 kg DME dapat
dilihat pada App A.2

Prarencana Pabrik DMI dari gas alam
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A.2 Perhitungan Neraca Massa dengan kapasitas 15000 kg DME

I. Reaktor (R -120)

Gas menuju E-123

—

R-120

Gas alam
Udara

Recycle

- ~.

- Reak tor condenscer ~
feed l [ , . Y,
~ -

[ i
~ me thano -

—— e

in e pur ge
— Recycle — \{

X =( mol CH, + mol O3 ) pada recycle
Y = ( mol CH, + mol O3 ) pada purge
mol CH; :mol O;=2: 1

Prarencana Pabrik DMI dari gas alam
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asumsi : pada cooler methano! terkondensasi seluruhnya
Feed masuk terdiri atas :

1.Gas alam, dengan komposisi: ( Hermadi, 2000 )

metana = 700 kmol = 700x16 = 11200 kg
13.09 %
etana = X 700 =129.0382 kmol = 129.0382 x 30 =3871.1449 kg
71.01 %
7.91%
propana = x 700 = 77.9749 kmol = 77.9749 x 44 = 3430.8971 kg
71.01%
: 1.68%
1-butana = x 700 = 16.5610 kmol = 15.5610 x 58 = 960.5408 kg
71.01%
2.09¢
n-butana = 700 = 20.6027 kmol = 20.6027 x 58 = 1194.9585 kg
71.01 %
. 1.17 % A n
i-pentana = TTo1o x700= 11.5336kmol = 11.5336 x72 = 830.4183 kg
1.12%
n-pentana = x700= 11.0407 kmol = 11.0407 x72= 7949303 kg
71.01%
1.93%
heksana = x 700 = 19.0255 kmol= 19.0255 x 86 = 1636.1921 kg
71.01%

2. Udara, dengan komposisi :

oksigen = 350 kmol = 350x32 = 11200 kg
0
9% x 350 =1316.6667 kmol =1316.6667 x 28 = 36860.6667 kg

21%

nitrogen =

Total = 71985.7485 kg

Dari komposisi diatas didapat
~mol Nz : mol gas alam tanpa CHy = 4.6073 : 1
~ komposisi gas alam tanpa CH,:
cgtana  45.15%
propana 27.29 %
i-butana 5.8 %
n-butana 7.21 %
i-pentana 4.04 %
n-pentana 3.86 %
heksana 6.66 %

Prarencana Pabrik DML dari gus alam
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Bagian masuk reactor = Feed + Recycle :

~CHy = ( 700+ 2/3 X ) kmol
~0s ( 350+ 1/3 X ) kmol
----- +

1050 + X
asumsi : mo!l inerts masuk reactor = 10 x ( mol CH4 + mol G, ) masuk reactor

~inerts= 10 ( 1050 + X ) kmol

konversi 70 %

2 CH, + O, — 2 CH;0OH
(Bhatt,1990)
M 700 +2/3 X 350+ 1/3X
R 07(700+2/3X) 07(350+1/3X) 0.7(700+2/3X)
S 03(700+2/3X) 03(350+1/3X) 0.7(700+2/3X)

Bagian keluar reactor
0.3( 700+ 2/3 X ) kmol

~CH4 =
~ 0 = 0.3( 350+ 1/3 X ) kmol
............................ +
03(1050+X)
~ inerts = 10 (1050 + X ) kmol
~CHOH = 0.7(700+ 1/3 X ) kmol

Prarencana Pabrik DMFE dari gas alam
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mol inerts keluar reactor 10.(1050+.X) ., ...,
= =33.
(mol CH, + mol O, keluar reacior . 031050+ X) "
mol inerts wf inerts kel
erts purge _ mol inerts keluar reactor 333333

(mol CH, + mol O,) purge N (mol CH; + mol O,) keluar reactor
mol ineris purge
y
maol inerts purge =33.3333 Y

=33.333

mol inerts IFeed = mol inerts purge
1602.4433 =333333Y
Y =48.0733

mol CH , keluar reactor = mol CH , recycle+mol CH | purge
0.3(700+2/3 X) 2/3X + 2/3Y

I

210402 X = 2/3X  + 2/3(48.0733)
177.9511 = (2/3-02)X
X = 381.3239

* Bagian masuk rcactor

~CH,=( 700 +2/3X) = 9542157 kmol  =15267.4517 kg
~0, = (350+1/3X) ~ 4771079 kmol = 15267.4517 kg
N, = 6073 01050 + 3813239 ) = 11760.6285 kmol = 329297.5982 kg

5.6073

~etana = 45.15 % x ——x 10.( 1050 + 381.3239)
5.6073

=1152.5022 kmol =34575.0672 kg

x 10.( 1050 + 381.3239)

1
~ propana =27.29 % x
prop *" 56073
=696 6066 kmol =30650.6886 kg

~i-butana = 5.8 % x 3x 10.( 1050 + 381.3239 )

= 148.0512 kmol = 8586.9713 kg

~n-butana =7.21 % x ! = x 10.( 1050 + 381.3239 )

=184.0430 kmol = 10674.4936 kg

Prarencana Pabrik DML duri gu;;lam
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~i-pentana =4.04 % x

~n-pentana = 3.86 % x

.
S

~ heksana =6.66 % x

— X
* Bagian keluar reactor :

~metana =0.3 (700 + 2/3 X)

~ oksigen =03 350+ 1/3X)

~ methanol = 0.7 (700 + 2/3 X)

~ etana = gtana masuk reactor

~ propana = propane masuk reactor

~i-butana = i-butana masuk reactor

[

~ n-butana = n-butana masuk reactor

o

Il

f

5% 1001050 +381.3239 )

=103.1253  kmol =7425.0244 kg

I x 10.( 1050 + 381.3239)
607

=98.5306 kmol = 70942065 kg
10.( 1050 + 381.3239)

=170.0037 kmol =14620.3141 kg

...............................................................................

286.2647 kmol
143.1324 kmol
667.9510 kmol
1152.5022 kmol

total = 4734592674 kg

4580.2355 kg

4580.2355 kg
21374.4324 kg
34575.0672 kg

bon

oo

696.6066 kmol = 30650.6886 kg
148.0512 kmol = 8586.9713 kg
184.0430 kmol = 10674.4936 kg

~ i-pentana = i-pentana masuk reactor =

~ p-pentana = n-pentana masuk reactor

~heksana = heksana masuk reactor

)(

hagian yang direcycle =

Il

103.1253 kmol = 7425.0244 kg

98.5306 kmol = 7094.2065 kg
170.0037 kmol = 14620.3141 kg
~ nitrogen = nitrogen masuk reactor =11760.6285 kmo! =329297.5982 kg

-

................

total = 473459.2674 kg

381.3239

bagian yang dipurge =1-0.888=0.112

* Bagian recycle :

~metana =0888x 286.2647 =
~oksigen =0.888x 1431324 =
~etana =
~ propana = 0.888x 696.6066 =
~i-butana =0.888x  148.0512
~n-butana = 0.888 x 184.0430
~i-pentana =0.888 x  103.1253
~n-pentana =0.888 x  98.5306 =

T IR

254.2031 kmol
127.1079 kmol
= 0.888 x 1152.5022 = 1023.4220 kmol
618.5866 kmol
131.4695 kmol

Y+Y 381.3239+48.0733

163.4302 kmol
91.5753 kmol
87.4952 kmol =  6299.6554 kg

Prarencana Pabrik DML duri gas alant
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0.888

4067.2491 kg
4067.2491 kg
30702.6597 kg
27217.8115 kg
7625.2305 kg
9478.9503 kg
6593.4217 kg

i



Appendix A

~heksana =0.888x 170.0037 = 150.9632 kmol
~ nitrogen = 0.888 x 11760.6285 = 10443.4381 kmot

= 12982.8390 kg

= 292416.2672 kg

............................................

* Bagian purge :

 ~metana =0.112x 2862647 = 32.0616 kmol
~oksigen =0.112x 143.1324 = 16.0308 kmol
~etana = 0.112x 11525022 = 129.0803 kmol
~propana = 0.112x 696.6066 = 78.0199 kmol =
~i-butana =0.112x 1480512 = 16.5817 kmol
~n-butana = 0.112x 184.0430 = 20.6128 kmol
~i-pentana =0.112x 103.1253 = 11.5500 kmol
~n-pentana=0,112x  98.5306 = 11.0354 kmol
~heksana =0.112x 170.0037 = 19.0404 kmol
~nitrogen =0.112x 11760.6285 = 1317.1904 kmol

o

i

[

= 401473.5189 kg

512.9864 kg
512.9864 kg
3872.4075 kg
3432.8771 kg
961.7408 kg
1195.5433 kg
831.6027 kg
794.5511 kg
1637.4752 kg
36881.3310 kg

I

total

-

506113161 kg

Prarencana Pabrik DM dari gas alam



Appendix A

4-12
Ringkasan Neraca massa reactor R-120
Masuk ( kg) Keluar ( kg)
~ Feed: ~ Gas menuju cooler E-124 :

# Gas alam dari storage tank F-110 methanol 213744324
metana 11200 metana 4580.2355
ctana 3871.1449 etana 34575.0672
propana 3430.8971 propana 30650.6886
i-butana 960.5408 i-butana 3586.9713
n-butana 1194.9585 n-butana 10674.4936
i-pentana 830.4183 i-pentana 7425.0244
n-pentana 794.9303 n-pentana 7094.2065
heksana 1636.1921 heksana 14620.3141

--------------- oksigen 4580.2355
23919.0818 nitrogen 329297.5982

# Udara
oksigen 11200
nitrogen 36866.6667

48066.6667
71985.7485
: ~ Reeycle
L metana 4067.2491
ctana 30702.6597
propana 272178115
i-butana 7625.2305
n-butana 0478.9503
i-pentana 6593.4217
n-pentana 6299.6554
heksana 12982.8390
oksigen 4067.2491
nitrogen 292416.2672
401473.5189
Total 473459.2674

Total 473459.2674

Prarencana Pabrik DML dari gas alam
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1I. Drum Separator ( H - 125)

Gas menuju
E-126

dari E-124

Methanol menuju
R-210

Pada bagian masuk
~ komponen masuk = komponen keluar cooler E-124
~ terdiri atas :

metana =  286.2647 kmol = 4580.2355 kg
etana = 1152.5022 kmol = 34575.0672 kg
propana = 696.6066 kmol = 30650.6886 kg
i-butana = 148.0512 kmol = 8586.9713 kg
n-butana = 184.0430 kmo! = 10674.4936 kg
-pentana = 103.1253 kmol = 7425.0244 kg
n-pentana = 98.5306 kmol =  7094.2065 kg
heksana = 170.0037 kmol = 146203141 kg
oksigen = 143.1324 kmol =  4580.2355 kg

nitrogen = 11760.6285 kmol = 329297.5982 kg
methanol = 667.9510 kmol = 213744324 kg

- e o e e B

total = 473459.2674 ky

Pada bagian keluar terdiri atas :
~ komposisi bagian keluar
# Gas menuju devider M-126

metana =  286.2647 kmol = 4580.2355 kg
gtana = 11525022 kmol = 34575.0672 kg
propana = 696.6066 kmol = 30650.6886 kg

148.0512 kmol 8586.9713 kg

i-butana
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n-butana = 184.0430 kmol = 10674.4936 kg
i-pentana =  103.1253 kmol = 7425.0244 kg
n-pentana = 08.5306 kmol =  7094.2065 kg
heksana = 170.0037 kol = 14620.3141 kg
oksigen = 143.1324 kmol =  4580.2355 kg
nitrogen = 11760.6285 kmol = 329297.5982 kg

# Liquid menuju reactor R-210
methanol =

667.9510 kmol =

-----

452084.8350 kg

21374.4324 kg

total = 473459.2674 kg

Ringkasan Neraca massa Drum Separator H-125

..................

|

Masuk ( kg ) Keluar (kg)

Dari Cooler E-124: ~ Gas menuju devider M-126:
metana 4580.2355 metana 4580.2355
etana 34575.0672 etana 34575.0672
propan 30650.6886 propan 30650.6886
i-butan 8586.9713 i-butan 8586.9713
n-butan 10674.4936 n-butan 10674.4936
I-pentan 7425.0244 1-pentan 7425.0244
n-pentan 7094.2065 n-pentan 7094.2065
heksana 14620.3141 heksana 14620.3141
oksigen 4580.2355 oksigen 4580.2355
nitrogen 329297.5982 nitrogen 329297.5982
methanol 21374.4324 | meeeeesmmeseneeee

452084.8350
~ Liquid menuju Reaktor R-210:
methanol 213744324
Total 473459.2674 | Total 473459.2674

Prarencana Pabrik DMI: dari gas alam
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[11. Devider (M — 126 )

Purge
Recycle
menu ju R-120
J—
Gos dari
H-2%

Pada bagian masuk devider
~ komponen masuk devider = gas keluar H-125

~ terdiri atas :
metana = 2862647 kmol = 4580.2355 kg
etana = 1152.5022 kmol = 34575.0672 kg
propana =  696.6066 kmol = 30650.6886 kg
i-butana = 148.0512 kmol = 8586.9713 kg
n-butana =  184.0430 kmol = 10674.4936 kg
i-pentana =  103.1253 kmol = 7425.0244 kg
n-pentana = 98.5306 kmol = 7094.2065 kg
heksana =  170.0037 kmol = 14620.3141 kg
oksigen =  143.1324 kmol = 4580.2355 kg

nitrogen = 11760.6285 kmol =329297.5982 kg

452084.8350 kg

dari perhitungan sebelumnya diperoleh

X =13813239
Y = 48.0733
Maka:

o P 381.3239
ricl r C’ C’ 7= = =
agian yang direcycle == = 381 3239 + 48.0733

bagian yang dipurge =1-0.888=0.112

Prarencanda Pabrik DMIE dari gas alam
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Sehingga bagian keluar devider terdiri atas :

* Recycle, dari perhitungan sebelumnya d
metana =  254.2031 kmol =
etana = 1023.4220 kmol =
propana = 6185866 kmol =
i-butana = 1314695 kmol =
n-butana = 1634302 kmol =
i-pentana = 91.5753 kmol =
n-pentana = 87.4952 kmol =
heksana = 1509632 kmol =
oksigen = 127.1079 kmol =

nitrogen = 10443.4381 kmol =

iperoleh:
4067.2491 kg
307026597 kg
272178115 kg
7625.2305 kg
9478.9503 kg
65934217 kg
6299.6554 kg
12982.8390 kg
4067.2491 kg
292416.2672 kg

401473.5189 kg

* Purge, dari perhitungan sebelumnya diperoleh:

metana = 32.0616 kmol = 512.9864 kg
etana = 129.0803 kmol = 3872.4075 kg
propana = 78.0199 kmol = 3432.8771 kg
i-butana = 16.5817kmol = 961.7408 kg
n-butana = 20.6128 kmol = 11955433 kg
i-pentana = 11.5500 kmol =  831.6027 kg
n-pentana = 11.0354 kmol =  794.5511 kg
heksana = 19.0404 kmol = 16374752 kg
oksigen = 16.0308 kmol = 512.9864 kg

nitrogen = 1317.1904 kmol = 36881.3310 kg

----------

total = 452084.8350 kg

Prarencana Pabrik DM dari gas alam o
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Ringkasan Neraca massa Devider M-126

Masuk ( kg) 1 Keluar ( kg )
~ Gas dari II-128: ~ Recycle menuju Reaktor R-120:
metana 4580,2355 metana 4067.2491
etana 34575.0672 etana 30702.6597
propan 30650.6886 propana 272178115 -
1-butan 8586.9713 i-butana 7625.2305
n-butan 10674.4936 n-butana 9478.9503
1-pentan 7425.0244 I-pentana 65934217
n-pentan 7094 2065 n-pentana 6299.6554
heksana 14620.3141 heksana 12982 8390
oksigen 4580.2355 oksigen 4067.2491
nitrogen 329297.5982 nitrogen 292416.2672
| 401473.5189
~ Purge menuju ke unit LPG:
metana 512.9864
gtana 38724075
propana 3432.8771
{-butana 961.7408
n-butana 11955433
1-pentana 831.6027
n-pentana 794.5511
heksana 1637.4752
oksigen 512.9864
nitrogen 368813310
R
| 50611.3161 J
!
Total 452084.8350 | Total 452084.8350

Prarencanu Pabrik DML dari gas alam
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1V. Reaktor ( R-210)

Gas menuju E-213,

R-210
Metanol dari separator H-1235,
Recycle dari destilat,
— T T e T
~___Recyde T ~
~ Reaktor  condenser
feed T _[__—-] r__‘_- \
! |
me't‘.hand )
+ Had menara
~ destlaz ~
—— -
R — R —

——

Feed methanol masuk = dari separator H-125 = 667.9510 kmol

X = jumlah kmol recycle = hasil atas menara destilasi D-220
Y = hasil bawah menara destilasi D-220

Asumsi : Pada cooler, methanol dan H,O terkondensasi seluruhnya
Destilat terdiri atas 99% methanol
Bottom terdiri atas 1 % methanol

Prarencana Pabrik DMI: dari gas alam
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Bagian masuk reactor:
~methanol : 6679510+ 099X

~H;0 - 001 X
2 CH;OH — CH,OCH; + H,O konversi 80%
(Wang 8., 2001)
M 6679510+ 099 X 001 X

R 0.8(667.9510 +0.99 X) 0.4(667.9510 +0.99 X) 0.4 (667.9510 + 0,99 X)
S 02(667.9510+099X) 0.4 (667.9510+099X) 0.4(667.9510+0.99
X)+0.01X

Feed = Product DME +  Bottom Product
6679510 = 04(667.9510+099X) + Y
4007706 = 0396 X + Y D)

methanol keluar reactor = methanol pada destitat + methanol pada bottom
0.2(667.9510+099X)= 099X + 001Y

1135902 = 0.792X + 0.01Y ..o (2)
dari persamaan 1 dan 2 diperoleh

X = 164.4364 kmol

Y = 335.6542 kmol

il

Maka pada bagian masuk :
Metanol = 667.9510 + 0.99 X = 830.7430 kmol = 830.7430 x 32 = 26583.7749 kg
H,O = 001X = 16444 kmol= 16444 x18= 295986 kg

--------------------------

total =26613.3735 kg

Bagian keluar reaktor

Methanol = 0.2 (667.9510 + 0.99 X) =166.1485 kmol = 5316.7520 kg
H,O = 0.4 (667.9510+ 0.99 X)+0.01X = 333.9415 kmot = 6010.9476 kg
DME =0.4 (06679510 +0.99 X) = 332.2972 kmol = 15285.6739 kg

............................

total =26613.3735 kg

Hasil atas ( Destilat ) terdiri atas:
Methanol = 0.99 X
HZO = 001X

Hl

162.7920 kol = 5209.3425 kg
1.6444 kmol = 29.3986 kg

total = 5238.9411 kg

It
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Hasil bawah ( Bottom ) terdiri atas:

Methanol = 0.01 Y
H,O =099Y

= 3.357 kmol =
= 332.2972 kmol

.........

= 6088.7585 kg

107.4095 kg
= 5981.3490 kg

...........

total
Ringkasan Neraca massa Reactor R-210
Masuk ( kg) Keluar ( kg)
~ Dari H-125 ~ Gas menuju cooler E-213:
methanol 21374.4324 Methanol 5316.752
‘ H,O 6010.9476
~ Recycle dari Destilat D-220 DME 15285.6739
Methanol 5209.3425
H,0 29.5986
5238.9411
i
{ Total 26613.3735 | Total 26613.3735

V. Drum Separator ( H-214)

dart E-213

DME

Liquid menuju
D-220

Bagian masuk :
~ komponen masuk = komponen keluar cooler E-213

Methano!l = 166.1485 kmol = 5316.752 kg
H;O =333.9415 kmol = 6010.9476 kg
DME =332.2972 kmol = 15285.6739 kg

total = 26613.3735 kg

~ terdin atas:

Bagian keluar
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~ komponen keluar
# Liquid menuju menera destilasi
Methanol = 166.1485 kmol = 5316.752 kg
H,O =333.9415 kmol = 6010.9476 kg

11327.6996
# Gas sebagai produk
DME =332.2972 kmol = 15285.6739 kg

----- -~

Ringkasan Neraca massa Drum Separator 11-214

Masuk ( kg) Keluar ( kg)
Dari cooler E-213 ~ Liquid menuju menara destilasi
Methanol 5316.752 D-220:
H,O 6010.9476 Methanol 5316.752
DME 15285.6739 H,O 6010.9476
11327.6996
~ Gas sebagai Produk

DME 15285.6739
Total 26613.3735 Total 26613.3735

V1. Menara Destilasi ( D-220 )
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Destilatl menwuju
R-210

Lq dari
H2ia

Bagian masuk menara destilasi :
~ komponen masuk menara destilasi = Liquid keluar H-214
~ terdin atas:
Methanol = 166.1485 kmol = 5316.7520 kg
H,O  =333.9415 kmol 6010.9476 kg

11327.6996

i

Bagian keluar
Dari perhitungan sebelumnya diperoleh :

~ Destilat:
Methanol = 162.7920 kmol = 5209.3425 kg
H,O = 1.6444 kmol = 29.5986 kg
5238.9411 kg
~ Bottom :
Methanol = 3.357 kmol = 107.4095 kg
H,O = 3322972 kmol = 5981.3490 kg

total = 11327.6996 kg
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Ringkasan Neraca Massa Menara Destilasi D-220
-

Masuk ( kg) Keluar ( kg)
~ Liquid dari 11-214: ~ Destilat menuju reactor R-210:
Methanol 5316.7520 Methanol 5209.3425
H,O 60109476 | HO 29.5986
4 52389411
~ Bottom
Methanol 107.4095
H.O 5981.3490
6088.7585
| Total 11327.6996 Total 11327.6996

PERFUSTAKAA
Universitas Katolik Widva Mandaic H

BUR 22 a v 4
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APPENDIX B
PERHITUNGAN NERACA PANAS

Kapasitas X 15 000 kg DME
| tahun : 330 hari

satuan panas kilojoule ( kI )
satuan waktu hari

Suhu reference ° 25°C

Udara, 157.5404°C

. Cooler (E-113)

Cp dihitung dengan persamaan

Udara, 33°C

- b re e Lo 1 rre r d — 2 _— P
Cp=a+s (/l+/2)+§( ARSI Yo (TR (1)

| Komponen I A 10T 1 100 | dI0
! o} C | 29.1000 | 1.1580 | -0.6076 | 1.3110 |
| N; C | 290000 | 02199 | 05723 | -2.8710 |

T)=Tref=25C
T2 = suhu feed masuk ataupun suhu keluar

# Menghitung enthalpy udara masuk cooler

Q=mCpAT
=m CP (Totara —25) , dimana Tugaea= 157.5404°C
Komponen M (kmol) | Cp(J/molK) Q(kJ) |
0; 350.0000 30.0989 1396262.086
N2 1316.6667 29.2534 5105055.623
Total 6501317.709
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# Menghitung enthalpy udara keluar cooler
Q=mCpAT
=m Cp (Tugura — 25), dimana Tygur = 33°C
| Komponen M{kmol) | Cp(J/motK) | Q (ki) 1
0, 350.0000 294139 | 514742722 |
N, 1316.6667 29.0648 | 191342.9522 |
Total 242817.2245

# Menghitung Q serap dan Q hilang

Q masuk = Q keluar + Q serap + Q hilang
Q serap + ( 5% Q serap } = Q masuk - Q keluar

1.05 Q serap = 6258500.485

Q serap = 5960476.652 kJ
Q hilang = 5% Q serap = 298023.8326 kJ

Jumlah air pendingin :

asumsi : air pendingin masuk pada 30°C dan keluar pada 45°C
Cp air pendingin = 4.1815 kJ / kg K ( Geankoplis, 1997 )

Q=mCp AT
5960476.652 =m 4.1815 (45-30)
m =95029.3221 kg

Ringkasan Neraca panas Cooler E-113

I Masuk ( kJ ) Keluar (kJ)
"~ Udara, pada 157.5404°C ~ Udara , pada 33°C
oksigen 1396262.086 oksigen 51474.2722
nitrogen 5105055.623 nitrogen 191342.9522
2428172245
~Q serap 5960476.652
~ Q hilang 298023.8326
]:rotal 6501317.709 | Total 6501317.709
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I1. Reaktor ( R —-120)

Gas menuju E-124, 283.0256°C

R-120

Gas alam, 200°C
Udara, 200°C

Recycle, 200°C

~Data data yang diperlukan untuk menghitung Cp ( Himmelbau, 1991 )

Komponen T A pI10° | i d 10
Metana C | 343100 | 54690 | 0.3661 | -11.0000
Etana C | 493700 | 13.9200 | -5.8160 | 7.2800
Propane C | 68.0320 | 22.5900 | -13.1100 | 31.7100
i-butane C 82.8800 25.6400 | -17.2700 | 50.5000
n-butane C | 92.3000 | 27.8800 | -15.4700 | 34.9800
i-pentane C | 110.5027 | 33.4086 |-20.4556 | 47.7271
n-pentane C | 114.8000 | 34.0900 | -18.0900 | 422600
Hexane C | 137.4400 | 40.8500 | -23.9200 | 57.6600
0, C | 29.1000 | 1.1580 | -0.6076 | 1.3110
N, C | 29.0000 | 02199 @ 05723 | .2.8710
metanol (gas) C 42.9300 83010 | -1.8700 | -8.0300
Methanol (lig) | K | -259.25 | 0.003358 | -1.1639 | 14052

Cp dihitung dengan persamaan
b o, d 2. o
Cp=ats (G1)+ SO LT )+ (17417 (4 1y)
2

dimana Ty =T ref= 25°C
T2 = suhu feed masuk ataupun suhu keluar

Prarencand Pabrik DME dari gas alam
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# Menghitung enthalpy masuk reaktor
~ Enthalpy feed
Q=mCpAT )
=m Cp (Tre ~ 25) , dimana Tp.q= 200"C
| Komponen M (kmol) | Cp(J/molK) ! QK ]
Metana 700.0000 40.4932 | 4960412.8337

Etana 129.0382 | 64.1621 | 1448888.3580

Propane | 77.9749 |  91.5244 | 1248906.5667

i-butane 16.5610 109.2139 | 316521.9686

n-butane 20.6027 121.3922 i 437676.9390
i-pentane 11.5336 145.0855 | 292837.2501
n-pentane 11.0407 150.4966 | 290777.8915

Hexane 19.0255 179.8902 598937.2696

0, 350.0000 303133 | 1856692.0754

N, 1316.6667 29.3279 | 6757628.6882

Total 18209279.8409

~ Enthalpy recycle
Q=mCpAT
=1 Cp ( Treevele ~ 25 ) , dimana Tyeeyele = 200°C
Komponen | M (kmol) | Cp(J/molK) | Q(kJ)
Metana 254.2031 40.4932 1801360.4566
! Etana 1023.4220 64.1621 11491361.7750 |
Propane 618.5866 01.5244 9907759.2761
i-butane 131.4695 109.2139 2512702.4329
n-butane 163.4302 121.3922 3471851.6769
i-pentane 91.5753 145.0853 2325092.7445
. n-pentane 87.4952 150.4966 2304353.2788
Hexane | 150.9632 179.8902 | 4752439.4814
0, 127.1079 30.3133 6742524223

Ns 10443.4381 29.3279 53599653.3481
Total 92840826.8926

~ Enthalpy masuk reactor = enthalpy feed + enthalpy recycle
= 111050106.7335 kJ
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# Menghitung Panas Reaksi

285.0256"C
200°C
AHR AHP
b
25°C AH;ux 25°C
~ Enthalpy Reaktan
Q=mCpAT

=m CP (25 - Trcuklan masuk ) ) dimana Treaklan = ZOOOC

| Komponen M (kmol) | Cp(J/molK) | Q(kJ)
CH, 9542157 40,4932 -6761862.5777
0; 477.1079 30.3133 -2530978.4487
Total  -9292841.0264

~ AHg 298 :

data ( Himmelblau, 1991 ) : AHy CHs(g) =-74.84 kl / mol
AHr Oy(g) =0
AHy CH3;0OH (g) =-201.25 kJ / mol
AH, 503 =mol CH,0OH x AH; CH;OH-molCH, x AH CH,

=((667.9510x-201.25)-(667.9510 x - 74.84 )} x 1000
=-84435684.6459k} ( eksoterm)

~ Enthalpy Produk

'Q=mCpAT
= m Cp ( Tproau keloar — 25 ) » dimana T = 285.0256°C
Komponen | M (kmol) | Cp(J/molK) Q(KkJ)
CH, 286.2647 42.5520 3045283.8786
O; | 143.1324 30.6761 | 1097685.9539 |

Prarencana Pabrik DMIF dari gas alam
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Untuk methanot :
data ( Himmelblau, 1991 ): A = 185875
B =13626.55
C=-34.29
Hv =353 kl/ mol
Tc =5132K
Tdidih pada 1 atm = 3379 K
titik didih pada 40 atm ( 30400 mmHg )

: B
T =TT ¢ = 473.058 K =200.058°C

Hv pada 473.058 K

0.38

7
1-22
vy _ Tc — Hv; =20.1607 kJ / mal
Hvl - i
Tc
285.0256°C
Q2
200.058°C 200.058°C
(40 atm ) (40 atm )

25"

chu.m,] l =m Cp]iq ( 200058 - 25 )
=007.9510x56.3214 x ( 200.058 - 25)

= 6585670.6603 kl

chlunul 2=mHyv
= 6679510 x 20.1607 x 1000

= 13466347.09 kJ

Qmetanot 3 = M Cpgas ( 285.0256 - 200.058 )
=667.9510 x 44.06 x ( 285.0256 - 200.058 )
=2205537.144 k)

= chtanni 1 + chlanoi 2 + chlanol 3

metanol

=22257554.8976 k!
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Enthalpy produk = Q metana + Q Oksigen + Q methanol
= 264005247501 k)
~ Panas Reaksi
Panas reaksi = enthalpy reaktan + AHg j9z + enthalpy produk
= -67328000.9422 kJ ( eksoterm )
# Menghitung enthalpy keluar reaktor
Q=mCpAT
=m Cp (Tehar — 25) , dimana Ty = 285.0256"C
Komponen M (kmol) | Cp(J/molK) | Q(kJ)
Metana 286.2647 404932 | 3045286.3089
Etana 1152.5022 64.1621 | 19788496.1485
Propane | 696.6066 91.5244 1 17147977.8923
i-butane 148.0512 109.2139 | 4324707.6029
n-butane 184.0430 121.3922 5982941.7454
i-pentane 103.1253 145.0855 4001792.4889
n-pentane 98.5306 150.4966 3969902.2395
Hexane 170.0037 179.8902 ! 8177896.6518
0, 143.1324 30.3133 | 1097687.4370
N, 11760.6285 293279 | 86652329.1946
Untuk methanol :
Dari perhitungan diatas diperoleh Q=122257554.8976 kJ

total = 176446572.6073 kJ

# Menghitung Q scrap dan Q hilang

QQ masuk + Panas reaksi = Q keluar + Q serap + Q hilang
(Q feed + Q recycle) + Panas reaksi = Q keluar + Q serap + ( 5% Q serap )
1.05 Q serap = 1931535.0684
Q serap = 1839557.208 kJ
Q hilang = 5% Q serap = 91977.8604 kJ

Jumlah air pendingin :
Air pendingin masuk pada 30°C dan keluar pada 45.2355°C
Cp air pendingin = 4.1815 kJ / kg K (Geankoplis, 1997)
Q=mCpAT
1839557.208 =m 4.1815(45.2355-30)
m = 29328.50585 kg
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Ringkasan Neraca panas reactor R-120

Masuk (kJ)

Keluar ( kJ)

~ Feed: ~ Gas menuju cooler E-124,
# Gas alam dari storage tank F-110, pada 285.0256"C
pada 200"C methanol 22257554.8976
metana 4960412.8337 metana 3045286.3089
etana 1448888.3580 ctana 19788496.1485
propana 1248906.5667 propana 17147977.8923
1-butana 3165219686 i-butana 4324707.6029
n-butana 437676.9390 n-butana 5982941.7454
i-pentana 292837.2501 i-pentana 4001792.4389
n-pentana 290777.8915 n-pentana 3969902.2395
heksana 598937.2696 heksana 8177896.6518
--------------- oksigen 1097687.4370
9594959.0773 nitrogen 86652329.1946
# Udara, pada 200'C [
oksigen 1856692.0754 176446572.6073
nitrogen 6757628.6882
................ ~Q serap 1839557.208
8614320.7636
18209279.8409 ~ Q) hilang 91977.8604

~ Recyele, pada 200'C

metana 1801360.4566
ctana 11491361.7750
propana 9907759.2761
i-butana 2512702.4329
n-butana 3471851.6769
i-pentana 2325092.7445
n-pentana 2304353.2788
heksana 4752439.4814
oksigen 674252.4223
nitrogen 53599653.3481
92840826.8926
~ Panas Reaksi 67328000.9422
Total 178378107.6757 | Total 178378107.6757
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I11. Heater ( E - 121)
Gas alam, 83.9984°C Gas menuju reaktor R-120,
T 200°C
E-121
Cp dihitung dengan persamaan
Cp =a+s (7 +12)+§( P )+% (1 +17) (1 +713)
Dimana: nilai konstanta a, b, ¢, dan d dapat dilihat pada table diatas
T =T ref=25'C
T2 = suhu feed masuk ataupun suhu keluar
# Menghitung enthalpy gas alam masuk heater
Q=mCpAT
=m Cp (Tyas ~25), dimana Ty, = 83.9984°C

Komponen M (kmol) | Cp(J}/molK) | Q(kJ)

Metana 700,0000 37.3002 1540456.2643
Etana 129.0382 56.7682 | 432178.8518

Propane 77.9749 79.9226 . 367675.5862 |
i-butane 16.5610 96.3011 | 940934501 |
n-butane 20.6027 1069973 | 1300582873
I-pentane 11.5336 128.0532 87135.4910

n-pentang 11.0407 132.7978 86502.3321 |
Hexane 19.0255 | 1589351 | 1784004767 |

Total 2916500.7396

# Mcnghimng enthalpy gas alam keluar heater
Q=mCpAT
=m Cp (T —25), dimana Tg,s=200"C

Komponen M (kmol) | Cp(J/moiK) | Q (k)
Metana 700.0000 40.4932 4960412.8337
Etana 129.0382 64.1621 | 1448888.3580
Propane 77.9749 91.5244 [ 1248906.5667
i-butane 16.5610 109.2139 i 316521.9686
| n-butane 20.6027 121.3922 | 437676.9390
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| i-pentane 11.5336 1450855 | 292837.2501 |

n-pentane 11.0407 150.4966 | 290777.8915 |

| Hexane 19.0255 179.8902 | 598937.2696 |
Total 9594959.0773

# Menghitung Q suplay dan Q hilang
Q gas alam masuk + Q suplay = Q gas alam keluar + Q hilang
Q suplay ~ Q hilang = Q gas alam keluar — Q gas alam masuk
Q suplay — ( 5% Q suplay ) = Q gas alam keluar — Q gas alam masuk
0.95 Q suplay = 6678458.3377
Q suplay = 7029956.1449 kJ
Q hilang = 5% Q suplay = 351497.8072 kJ

Jumlah Steam yang dibutuhkan :
asumsi: steam yang digunakan adalah steam superheated pada 45 bar, 400°C
data ( Geankoplis, 1997 ) : Hat vpor = 2513.9251 kJ/kg
H]iq =1032.9433 kJ/kg
Hup vap = 2878.7895 kl/kg
maka A = Hyar vapor - Hiig
= 1480.9816 kJ/kg

Q =m ;\- +m ( Hsup vapor = Hsul vapor )
7029956.1449 =m 1480.9816 + m ( 2878.7895 — 25139435 )
7029956.1449 =m 1845.8276

m = 3808.5659 kg

Ringkasan Neraca panas Heater E-121

Masuk ( k) | Keluar (kJ)
~Gas Alam, pada 83.9984°C "'~ Gas alam menuju R-120, pada 200°C
metana 1540456.264= metana 4960412.8337
gtana 432178 8518 ctana 1448888.3580
propana 367675.5862 propana 1248906.5667
i-butana 94093.4501 i-butana 316521.9686
n-butana 130058.2873 n-butana 437676.9390
i-pentana 87135.4910 t-pentana 292837.2501
n-pentana 86502.3321 n-pentana 290777.8915
heksana 178400.4767 heksana 598937.2696
2916500.7396 9594959.0773
~Q suplay 7029956.1449 | ~Q hilang 351497.8072
Total 0946456.8845 | Total 0946456.8845
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IV. Heater (E - 122)

Udara, 157.5404°C \ Udara menuju reaktor R-120,

200°C

E-122
Cp dihitung dengan persamaan
Cp=a+s (1,47, )+§( L+ + 10 )+« 1+ (1 +13)
Dimana: nilai konstanta a, b, ¢, dan d dapat dilihat pada table diatas
Ty =Tref=25C

T2 = suhu feed masuk ataupun suhu keluar

# Menghitung enthalpy udara masuk heater

Q=mCpAT
=m Cp (Todura — 25), dimana Tygra= 157.5404°C
Kompenen M(kmol) | Cp(J/molK) Q(kJ)
0O, ' 350.0000 30.0989 52673.1132
N, 1316.6667 29.2534 192585.0251
Total 245258.1383

# Menghitung enthalpy udara keluar heater

Q=mCpAT
=m Cp (Tutara — 25), dimana Toae = 200°C
Komponen | M (kmol) | Cp(J/molK) Q(kJ)
0, 350.0000 30.3133 1856692.0754
N3 1316.6667 29.3279 6757628.6882
Total 86143207636

# Menghitung Q suplay dan Q hilang

Q gas alam masuk + Q suplay = Q gas alam keluar + Q hilang
Q suplay — Q hilang = Q gas alam keluar — Q gas alam masuk

Q suplay — { 5% Q suplay ) = Q gas alam keluar — Q gas alam masuk
0.95 Q suplay = 8369062.6253
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Q suplay = 8809539.606 kl
Q hilang = 5% Q suplay = 440476.9803 kJ

Jumlah Steam yang dibutuhkan :
asumsi : stcam yang digunakan adalah steam superheated pada 45 bar, 400°C
data ( Geankoptis, 1997 ) : Hear vapor = 2513.9251 kl/kg
Hiq =1032.9435 kl/ke
Heup vap = 2878.7895 kl/kg

maka A= Hsut vapor ~ Hliq
— 1480.9816 kl/kg

Q =mA-+m. ( Hsup vapor = Hﬁéll vapor )
8809539.606 =m 1480.9816 + m ( 2878.7895 - 2513.9435 )
8809539.606 = m 1845.8276

m=4772.6774 kg

Ringkasan Neraca panas Heater E-122

Masuk ( kJ) Keluar ( kJ)
~ Udara, pada 157.5404°C ~ Udara menuju R-120, pada 200°C
oksigen 52673.1132 oksigen 1856692.0754
nitrogen 192585.0251 nitrogen 6757628.6882
2452581383 8614320.7636
~ Q suplay 8809539.606 ~€Q hilang 440476.9803
Total 9054797.7439 Total 9054797.7439

V. Heater (E - 123)

Recycle gas, 100°C Gas menuju reaktor R-120,

200°C
E-123
Cp Qipitqng dengan persamaan

d .1 . )
Cp:a+% (rl+7'2)+§( LI+ + 17 _)+z (1Y +T2)Y (T +Ty)
) S
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Dimana: nilai konstanta a, b, ¢, dan d dapat dilihat pada table diatas
Ty =T ref=25C

T2 = suhu feed masuk ataupun suhu keluar

# Menghitung enthalpy gas masuk heater

Q=mCpAT
=m Cp (Tutara — 25) , dimana Tygura = 100°C
Komponen M (kmol) | Cp(J/molK) | Q (k)
Metana 254.2031 37.7405 | 719531.2076
Etana 1023.4220 57.8180 | 4437913.4711
Propane 618.5866 81.5877 3785180.0980
i-butane 131.4695 98.1662 |  967939.6424
n-butane 163.4302 109.0398 | 1336774.8934
i-pentane 91.5753 130.5040 |  896320.6128
n-pentane 87.4952 1353288 | 888046.8213
Hexane 150.9632 161.9439 | 1833567.6448
0, 127.1079 29.7976 284063.3037
N, 10443.4381 29.1615 22840991.5277
Total 37990329.2227

# Menghitung enthalpy gas keluar heater

Q=mCpAT"
=m Cp ( Treeyele — 25 ), dimana Trecyete = 200°C
Komponen M (kmol) | Cp(J/molK) | Q (k) |
Metana 254.2031 40.4932 1801360.4566
Etana 1023.4220 64.1621 11491361.7750 |
Propane 6i8.5866 91.5244 9907759.2761
i-butane 131.4695 109.2139 2512702.4329
| n-butane 163.4302 121.3922 3471851.6769
i-pentane 91.5753 145.0855 2325092.7445
n-pentane 87.4952 150.4966 2304353.2788
Hexane 150.9632 179.8902 4752439.4814
0, 127.1079 30.3133 6742524223
N, 10443.4381 293279 | 53599653.3481
Total 92840826.8926
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# Menghitung Q suplay dan Q hilang

Q gas alam masuk + Q suplay = Q gas alam keluar + Q hilang
Q suplay — Q hilang = Q gas alam keluar — Q gas alam masuk
Q suplay — ( 5% Q suplay ) = Q gas alam keluar — Q) gas alam masuk
0.95 Q suplay = 54850497.6699
Q suplay = 57737365.9683 kJ
Q hilang = 5% Q suplay = 2886868.2984 kJ

Jumlah Steam vang dibutuhkan :
asumsi : steam yang digunakan adalah steam superheated pada 45 bar,400°C
data ( Geankoplis, 1997 ) : Heag vapor =2513.9251 kJ/kg
Hiiq =1032.9435 kl/kg
Houp vap = 2878.7895 kl/kg

maka A= Hsm vapor T Hliq
= 1480.9816 kJ/kg
Q =m ;\‘ +m. ( Hsup vapor = Hsal yapor )
57737365.9683 =m 14809816 + m ( 2878.7895 — 2513.9435)
57737365.9683 = m 1845.8276
m=31279.9343 kg

Ringkasan Neraca panas Heater E-123

Masuk ( kJ) Keluar ( kJ ) ]
~ Recycle gas, pada 100"C | ~Gas menuju R-120, pada 200°C
metana 719531.2076 metana 1801360.4566
etana 4437913.4711 etana 11491361.7750
propana 3785180.0980 propana 9907759.2761
i-butana 967939.6424 i-butana 2512702.4329
n-butana 1336774.8934 n-butana 3471851.6769
i-pentana 896320.6128 i-pentana 2325092.7445
n-pentana 838046.8213 n-pentana 2304353.2788
heksana 1833567.6448 heksana 4752439.4814
oksigen 284063.3037 oksigen 6742524223
nitrogen 22840991.5277 nitrogen 53599653.3481
37990329.2227 92840826.8926
~ Q suplay 57737365.9683 ~ Q hilang 2886868.2984
Total 95727695.1910 | Total 95727695.1910
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VI. Cooler (E-124)

Gas dari reactor R-120 f Menuju separator H-125
285.0256°C \ 100°C
E-124

Cp dihitung dengan persamaan

. b ... ! . o e 2 .2 -
Cp=a+ (/1+/2)+§( 12470, + 17 )+‘; (L2+77) (1,+T3)
Dimana: nilai konstanta a, b, ¢, dan d dapat dilihat pada table diatas

T, =T ref=25°C
T2 = suhu feed masuk ataupun suhu keluar

# Menghitung enthalpy masuk cooler
Q=mCpAT r
=m Cp (Tketuar — 25) , dimana Tiepar = 285.0256°C

[ Komponen [ M(kmol) | Cp(J/molK) Q(ki) |
Metana 286.2647 40.4932 3045286.3089
Etana 1152.5022 64.1621 19788496.1485
Propane 696.6066 91.5244 | 17147977.8923
i-butanc 148.0512 109.2139 |  4324707.6029
n-butane 184.0430 121.3922 5982941.7454
I-pentane 103.1253 145 0855 | 4001792.4889
n-pentane 98.5306 150.4966 | 3989902.2395
Hexane 170.0037 179.8902 8177896.6518
0, 143.1324 30.3133 1097687.4370
N3 11760.6285 29.3279 86652329.1946

Untuk methanol :
dari perhitungan diatas diperoleh: _
~ titik didih pada 40 atm = 473.058 K = 200.058°C
~ Hv pada 473.058 K = 20.1607 kJ / mol
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285.0256°C

200.058°C
(40 atm
Ql

00.058°C
(40 atm )

chlﬂnol l=m Cpliq ( 200,058 - 25 )
=667.9510 x 56.3214 x ( 200,058 ~ 25 )
= 6585670.6603 kJ

Qmelanul 2=mHv

667.9510 x 20.1607 x 1000

13466347.09 kJ

Quetanot 3 = m Cpyys ( 285.0256 - 200.058 )
=667.9510 x 44.06 x ( 285.0256 - 200.058 )
=2205537.144 kJ

chmnol = chlnnol I+ chtnnol 2 + chmtml 3 =22257554.8976 k-]

]

I

B-16

total = 176446572.6073 kI

# Menghitung enthalpy keluar cooler
Q=mCpAT
=m Cp (Tietwr — 25) , dimana Tyguer= 100°C

Komponen M(kmol) | Cp(J/molK) | Q(kJ)
Metana 286.2647 37.7405 810282.7435
Etana 1152.5022 57.8180 4997650.0787
~ Propane | 696.6066 815877 | 4262590.6194
1-butane 148.0512 08.1662 1 1090021.8346
n-butane 184.0430 109.0598 1505376.9848
I-pentane 103.1253 130.5040 1009369.6891
n-pentane 98.5306 1353288 | 1000052.4158
Hexane 170.0037 161.9439 L 2064829.5997
0Os 143.1324 29.7976 319875.1802
N, 11760.6285 29.1615 25721837.3257

Total 427818864714
Untuk methanol :

chta:ml =m Cpliq( 100 - 25 )
= 667,9510 x 43.5964 x ( 10025 ) ~2184019.4232 kI
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# Menghitung Q serap dan Q hilang
Q masuk = Q keluar + Q serap + Q hilang
Q serap + ( 5% Q serap ) = Q masuk - Q keluar
1.05 Q serap = 131480666.7127
Q serap = 125219682.5835 kJ
Q hilang = 5% Q serap = 6260984.1292 kI
Jumlah air pendingin :
asumsi : air pendingin masuk pada 30"C dan keluar pada 45°C
Cp air pendingin = 4.1815 kJ / kg K ( Geankoplis, 1997 )
Q=mCpAT
125219682.5835=m 4.1815(45-30)
m = 1996407.701 kg
Ringkasan Neraca panas Cooler E-124
Masuk ( kJ) Keluar ( kJ ) ]
~ Gas dari R-120, pada 285.0256"C ~ Gas menuju H-125, pada 100"C
mcthanol 22257554.8976 metana 810282.7435
metana 3045286.3089 etana 4997650.0787
ctana 19788496.1485 propana 4262590.6194
l propana 17147977.8923 i-butana 1090021.8346
i-butana 4324707.6029 n-butana 1505376.9848
n-butana 5982941.7454 i-pentana 1009369.6891
i-pentana 4001792.4839 n-pentana 1000052.4158
n-pentana 3969902.2395 heksana 2064829.5997
heksana 8177896.6518 oksigen 3198751802
oksigen 1097687.4370 nitrogen 25721837.3257
nitrogen 86652329.1946 | = meecemeescecceceeee.
42781886.4714
~ Liq menuju separator I1-125 :
methanol 2184019.4232
~Q serap
125219682.5835
~Q hilang 6260984.1292
i Total 176446572.6073 | Total 176446572.6073
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VIIL. Reaktor ( R-210)
Gas menuju E-213,
365.0894°C
R-210
Metanol dari E-211, 250°C
Recycle dani destilat, 250°C
~Data data yang diperlukan untuk menghitung Cp ( Himmelbau, 1991 )
Komponen r 4 b1y e 10 d.10
Methanol (gas) | C 42.9300 83010 | -1.8700 | -8.0300
Methanol (liq) K -259.25 1 0.003358 | -1.1639 | 14052
H,0 (gas) C 33.46 0.688 0.7604 | -3.393
H,0 (hq) K 18.2964 47.212 | -133.88 | 13142 !

Cp dihitung dengan persamaan

! ) I e D 4 ope .
(,,'p=a+% (7;+7‘2)+§-(7;’+7;,'/;+/;~ HE{ (I +17 ) +13)

# Menghitung enthalpy masuk reaktor

Untuk methanol :

data ( Himmelblau, 1991 ) :

A =18.5875

B =3626.55
C=-34.29
Hv=353kJ/mol
Te =513.2K
Tdidih pada 1 atm = 3379 K
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titik didih pada 15 atm ( 11400 mmHg )

B¢
T APy T 4265135K=1535135°C

Hv pada 153.5135K

H I_Zg— 0.38
Va (49
Hy, - ,/L —  Hv;=270121 kJ/ mol
Te
Untuk H,O :
data ( Himmelblau, 1991 ):
A =18.3036
B =3816.4400
C =-46.1300
Hv =40.65 kI / mol
Tec =6474 K

Tdidih pada | atm =373.10 K
titik didih pada 15 atm { 11400 mmHg )

=€ = 4719659 K = 198.9655°C
A-mpy T T

Hv pada 471.9659 K

Hv, T

~ methanot hasil dari reactor R-120

2350°C

Q3

153.5315%C
(15 atm)

153.5315C Q2

Prarencana Pabrik DM dari gas alam
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chtanol 1=m Cp]iq ( ]535]35 -25 )
=6679510x 54.3247 x (153.5135-23)
=4663271.4073 ki

chtanol 2=mHv
= 667.9510 x27.0121 x 1000
= 18042791.8812 kJ

chtano] 3=m Cpgas ( 250 - 153.5135 )
=667.9510 x 46.3789 x ( 250-153.5135 )
=2989039.1349 kJ

Qmelunul= Qmetunol 1+ chtanul 2+ chumut 3
=25695102.4235 k]

~ Recycle dari destilat
untuk methanol

153.5315%
(15 aum)

153.5315%
(15 atm)

Q2

chlannl I=m Cp]iq ( 153.5135-25 )
= 162.792 x 54.3247 x (153.5135 = 25 )
=1136525.4022 kJ

chlunnl 2=mHyv
=162.792 x 27.0121 x 1000
=4397361.7465 kJ

chtanol 3=m Cpgas ( 250 - 153.5135 )
=162.792 x 46.3789 x ( 250-153.5135 )
=728348.1617 kl

chmnol = chwm)l 1+ Qmetunolz + Qmutunul 3
=6262235.3104 kJ
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untuk H>O

198.9656°C
(15 atm).

198.9659C
(15 atm)

Q1
25°C

QH;J_() l1=m Cp“q (1989659 -25 )
= 1.6444 x 77.0678 x (198.9659 — 25)
=9448.0330 kJ

Qino2 =mHyv
=1.644 x 34.3032 x 1000
=24173.43918 kJ

Q11203 =m Cpgus ( 250 - 198.9659 )
=1.6444 x 35.3483 x ( 250 -198.9659 )
= 1271.2554 k]

Qu20= Q2o 1 + Qo2 + Qo3
=34892.7276 kl

Qreeyere = Q120 + Qmcthanal =6297128.0380 kJ

Q masuk = Q methanol dari reactor R-120 + Q recycle
=31992230.4614 kJ

# Menghitung Panas Reaksi (
365.0894°C

[ 3
M

AHpg AH{

25°C AHaox 25°C
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~ Enthalpy Reaktan
untuk methanol

250°C
Q3

153.5315°C 153.5315°C
(15 atm) (13 atm)

Quesmat 1 = m Cpig ( 153.5135 - 25)
= 830.7430 x 54.3247 x (25 -153.5135)
=-5799796.8103 kJ
()mv.:mrml2 =mHv
=830.743 x -27.0121 x 1000
-22440112.9954 k1
Qmetanot 3 = M Cpgas (250 — 153.5135 )
830.743 x 46.3789 x ( 153.5135-250 )
-3750394.9631 k!
enthalpy reaktan = Qneunol = Qmetanol 1 + Quictmol 2 + Quetanol 3
=-31957337.7339 k)

i

]

~ AHR 294

data ( Himmelblau, 1991 ): AH; DME (g) = -183.0000 k] / mol

AH; H,O (g) = -241.8260 kJ/mol
AH; CH;OH (g) = -201.25 kI / mol

AH 50, = (ol DME x AH; DME + mol H,0 x All . 11,0 }- (mol CH,0H x AH, CH,0H )

=((332.2972 x-201.25+332.2972 x - 241.8260) - { 664.5944 x - 201.25 )) x 1000
=-7418867.2872 k] (eksoterm)
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~ Enthalpy Produk
untuk methanot

365.0894°C
Q3
153.5315°C Q2 153.5315°C
(15 atm) (15 atm)

25()

Qumetanal 1 = m Cpyiq ( 153.5135-25)
= 166.1485 x 54.3247 x (153.5135-23)
=1159958.6638 kJ

ch\mm\ 2 =m Hv
=166.1485 x 27.0121 x 1000
= 4488028.024 kJ

Qumeno 3 = m Cpyus ( 365.0894 ~ 153.5135 )
=166.1485 x 46.9687 x ( 365.0894-153.5135 )
=1650253.4504 kJ

chlannl = chtunol 1+ chtano! 2+ chtzmul 3
=7298240.1385 k]
untuk H,O

365.0894°C

Q3

198.9659°C
(15 atm)

198.9659°C Q2
(15 atm)

25"

QIDO‘ =m Cp]iq (1989659 ~25 )
=1333.9415 x 77.0678 x (198.9659 - 25)
= 44780878148 kl
Qo2 =mHy
=333.9415 x 34.3032 x 1000
= 11455249.8092 kJ
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Qino 3 = m Cpyas ( 365.0894 — 193.96359 )

=333.9415 x 35.9348 x ( 365.0894 -198.96359 )
=1992018.1990 kJ

Qo= Qo 1 + Quza2 + Qa3
= 17925355 8229 kl

untuk DME
Cpyas = 49.1304 ] /mol K ( Ulmann, 1991)
Q=m Cpy ( 365.0894 -25)

=332.2972 x 49.1304 x ( 365.0894 - 25)
= 5550804.081 kJ

enthalpy produk = Q methanol + Q H,O + Q DME
=30774400.0421 kJ

~ Panas Reaksi

Panas reaksi = enthalpy reaktan + Al 295 + enthalpy produk
=-8601804.9789 kl { eksoterm )

# Menghitung enthalpy keluar reaktor
dari perhitungan di atas didapat
Qmeumo] = 7298240.1385 klJ

Qe = 17925355.8229 k]
Ql)Mi: = 5550804.081 kJ
total = 30774400.0421kJ

# Menghitung Q serap dan Q hilang

Q masuk + Panas reaksi = Q keluar + Q serap + Q hilang
( Q feed + Q recycle ) + Panas reaksi = Q keluar + Q serap + ( 5% Q serap )
1.05 Q serap = 71368435 4825
Q serap =9352033.7123 kJ
Q hilang = 5% Q serap = 467601.6856 kJ

Jumlah air pendingin :
air pendingin masuk pada 30°C dan keluar pada 45.4567°C
Cp air pendingin = 4.1815 kJ / kg K ( Geankoplis, 1997)

Q=mCpAT
0352033.7123 =m 4.1815 ( 45.4567 - 30)
m = 149101.7372 kg

Prarencana Pabrik DML dari gas alan
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Ringkasan Neraca panas reactor R-210

Masuk ( kJ)

Keluar (kJ)

~ Gas dari E-211, pada 250"C

methanol 25695102.4235 Mcethanol
H,O
DME
~ Gas dari E-212, pada 250°C
Methanol 6262235.3104
H,0O 34892.7276
---------------- ~ Q) serap

319922304614

~ Gas menuju E-213, pada 365.0894°C

7298240.1385
17925355.8229
5550804.0810

30774400.0421

9352033.7123

467601.6856

~Q hilang
~ Panas Reaksi 8601804.9789
| Total 40594035.4404 | Tota 40594035.4404
VIII. Heater ( E-211)
Liquid, 99,85°C Gas menuju reaktor R-210,

E-211

Cp dihitung dengan persamaan

250°C

2 d o rd . .
Cp =a+-g— (T,+T2)+-§—.( 7'22+T,.T2+'l'l‘ )+Z (/22+f[ Y (1 +1,) -

Dimana; nilai konstanta a, b, ¢, dan d dapat dilihat pada table diatas

# Menghitung enthalpy methanol masuk heater

Q=mCpAT
=m Cpiy (T — 25) , dimana T=99,85°C

=667,9510 x 53,6175 x(99,85-25)
= 2686039,7057 kJ
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# Menghitung enthalpy methanol keluar heater

250°C
Q3

153.5315°C
(15 atm)

153.5315°C Q2
(15 atm)

25”

Qmetanot 1 =m Cp]iq( 153.5135-25 )
=667.9510 x 54.3247 x (153.5135 - 25 )

4663271.4073 k)

Qmemnol 2=mHyv
= 667.9510 x 27.0121 x 1000
= 18042791.8812 kJ

Quotanol 3 = M CPias ( 250 - 153.5135 )
=667.9510 x 46.3789 x (250-153.5135 )
=2989039.1349 kJ

chmnolz chmnol 1+ th:tanol2 + chmnol3

=125695102.4235 kJ

# Menghitung Q suplay dan Q hilang

Q masuk + Q suplay = Q keluar + QQ hilang
Q suplay — Q hilang = Q keluar — Q masuk
Q suplay — ( 5% Q suplay ) = Q keluar - Q masuk
0.95 Q suplay = 23009030.0437
Q suplay = 24220066.0188 k)
Q hilang = 5% Q suplay = 1211003.3009 kl

Jumlah Steam yang dibutuhkan :
asumsi : steam yang digunakan adalah steam superheated pada 45 bar, 400°C
data ( Geankoplis, 1997 ) : Haatvapor = 2513.9251 kl/kg
Hiig =1032.9435 kl/kg
Hyup vap = 2878.7895 kl/kg

maka A= Hg, vapor = Hliﬁl
=1480.9816 kl/kg
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Q =m }" +m. ( Hsup vapor Hszn vapor )
24220066.0188 =m 1480.9816 + m ( 28787895 — 2513.9435 )
24220066.0188 = m 18458276
m=13121.5212 kg
Ringkasan Neraca panas Heater E-211
Masuk ( kJ ) Keluar ( kJ)
~ Liquid pada suhu 99,85"'C ~ Gas menuju E-210, pada 250'C
methanol 2686039.7057 Methanol 25695102.4235
~ Q suplay 24220066.0188 ~Q hilang 1211003.3009
Total 26906105.7244 Total 26906105.7244

1X. Heater ( E-212)

Destilat, 152.88°C Gas menuju reaktor R-210,

=212

Cp dihitung dengan persamaan

250°C

d .
Cp=a+% (7;+T2)+§( L+, +17 )+I (T2 +T2Y (T +Ty)
)

Dimana: nilai konstanta a, b, ¢, dan d dapat dilihat pada table diatas

# Menghitung enthalpy masuk heater
untuk methanol
Quetanol = M Cpiig ( 152.88 - 25 )
=162.792 x 53.9795 x (152.88-25)
=1123736.6461 kl
untuk H,O
QHzo l=m Cp“q (15288 - 25 )
=1.6444 x 74.2597 x (152.88 - 25 )
= 15615.76578 kJ

Qmasuk = QHZ() + chmﬂﬂ()] = 1 1393524] ]9 k‘]
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# Menghitung enthalpy keluar heater
untuk methanol

153.5315°C
(15 atm)

153.5315%C Q2
(15 atm)

Qmetanot 1 = m Cpnq ( 153.5135-25)
=162.792 x 54.3247 x (153.5135 -~ 235)
=1136525.4022 k)
Qnmetanol 2=m Hv
: =162.792 x27.0121 x 1000
=4397361.7465 k]
Qmetzmol3 =m Cpgus { 250 - 153.5135 )
= 162,792 x 46.3789 x ( 250-153.5135 )
=728348.1617 kl
chtanol = chtanol 1+ Qmelan012 + chmnul 3
=6262235.3104 klJ

untuk 1120
250°C
Q3
198.9659'C Q2 198.9659°C
(15 atm (15 atm)
25°

Qino § =m Cpyiq (198.9659 - 25)
= 1.6444 x 77.0678 x {198.9659 — 25 )
=0448.0330 kI

Qino2=mHyv
=1.644 x 34.3032 x 1000
=24173.43918 kJ
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Quz03 = M Cpyas ( 250 — 198.9659 )
= 1.6444 x 35.3483 x (250 -198.9659 )
=1271.2554 kJ
Qum0o=Cmol + Qizo2 + Qino3
= 348927276 k-

Quretuar = Q20 + Qmethanat =6297128.0380 kJ
# Menghitung Q suplay dan Q hilang

Q masuk + Q suplay = Q keluar + Q hilang
Q suplay — Q hilang = Q keluar — Q masuk
Q suplay - { 5% Q suplay ) = Q keluar — Q masuk
0.95 Q suplay = 5157775.6261
Q suplay = 5429237.5012 kJ
Q hilang = 5% Q suplay = 271461.8751 kI

Jumlah Steam yang dibutuhkan :
asumsi : steam yang digunakan adalah steam superheated pada 45 bar, 400° C
data ( Geankoplis, 1997 ) : Hsat vaper = 2513.9251 kl/kg
Hig  =1032.9435 kitkg
Haupvap = 2878.7895 kl/kg

maka A= Hg vapor = Hliq
=1480.9816 kl/kg

Q =mi+m. ( Hsup vapor = Hsul vapor )
5429237.5012 =m 14809816 + m ( 2878.7895 — 2513.9435)
5429237.5012 =m 1845.8276

m=2941.3568 kg

Ringkasan Neraca panas heater E-212

Masuk ( kJ) | Keluar (kJ )
~ Destilat dari D-220, pada 152.88'C | ~ Gas menuju E-210, pada 250'C
Methanol 1123736.6461 Methanol 6262235.3104
H,0 15615.76578 H.O 34892.7276
- 1139352.4119 6297128.0380
~ Q suplay 5429237.5012 | ~Q hilang 271461.8751
Total 6568589.9131 | Total 6568589.9131
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X. Cooler ( E-213)

Gas dari R-210

Menuju cooler E-213,
365.0894°C

70°C

Cp dihitung dengan persamaan
Cp=a+? (/1+rz)+§( 1+ 1.0+ 1) Ve (BT ) (1+7)
Dimana: nilai konstanta a, b, c, dan d dapat dilihat pada table diatas

# Menghitung enthalpy masuk cooler
untuk methanol

153.5315°C
(15 atm)

153.5315°C
(15 atm)

Q2

chlzmnl 1=m Cpqu ( 153.5135-25 )
=166.1485 x 54.3247 x (153.5135-23)
= 1159958.6638 kl

chmnol 2=m Hv
=166.1485 x 27.0121 x 1000
= 4488028.024 kJ

Qmetunol 3=m Cpg,,s ( 250 - 153.5135 )
= 166.1485 x 46,9687 x ( 365-153.5135 )
= 1650253.4504 kJ

chlalml = chlunu] ] + chlunnl 2 + chumul 3
=7298240.1385 k]
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untuk H,O
363"C
Q:
198.9659°C Q2 198.9659'C
(15 atm) (15 atm)
250

Qino | = m Cpyiq (198.9659 - 25 )
=333.9415 x 77.0678 x (198.9659 - 25)
=4478087.8148 kl

Qo2 =mHv

=3339415x34.3032 x 1000
= 114552498092 kJ

QHZO3 =m Cpgas ( 250 - 198.9659 )
=3339415 x35.9348 x ( 250-198.9639 )
=1992018.1990 kJ

Qo= Qmo 1+ Qo2+ Quol

=17925355.8229 kJ

untuk DME
Q= m Cpyas (365 -25)
=3322972 x 49.1304 x ( 365 -25)
= 5550804 .081 kl
Q masuk = Q methanol + Q H-O + Q DME
= 30774400.0421 kJ

# Menghitung enthalpy keluar cooler
()mclnmﬂ =m Cpliq ( 70 — 25 )
= 166.1485 x 52.6447 x (70 - 25)
=393607.7072 kl

Qi =m Cpnq( 70 -25)
=23339415 x 756189 x(70-25)
=1136353.0002 &}

Ql)MlE =m Cpgus ( 70 ‘25 )
=3322972 x49.1304 x ( 70 - 25)
=734665.2460 kl
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Q keluar = Q methanol + Q H,O + Q DME
=2264625.9534 k!

# Menghitung Q serap dan Q hilang

Q masuk = Q keluar + Q serap + Q hilang
Q serap + ( 5% Q serap ) = Q keluar - Q masuk
1.05 Q serap = 28509774.0890
Q serap = 27152165.7990 kJ
Q hilang = 5% Q serap = 1357608.2900 kJ

Jumlah air pendingin :
asumsi : air pendingin masuk pada 30°C dan keluar pada 45°C
Cp air pendingin = 4.1815 kJ / kg K ( Geankoplis, 1997 )
Q=mCpAT
27152165.7990 =m 4.1815(45-30)
m = 432893.5517 kg

Ringkasan Neraca panas cooler E-213

Masuk ( kJ) Keluar ( kJ)
~ Gas dari R-210, pada 365.0894"C ~ Liquid menuju H-214, pada 70"C
Methanol 7298240.1385 Methanol 393607.7072
H,0 17925355.8229 H,0 1136353.0002
DME 5550804.0810 | e
1529960.7074

~ Gas menuju H-214, pada 70°C
DME 734665.2460

2264625.95334

~Q serap 27152165.7990
~ Q hilang 1357608.2900
Total 30774400 0424 | Total 307744000424
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X1. Menara Destilasi ( D-220)

Y

Destilat menuju R-210,

Liquid dari H-214,
15 atm, 70°C D-220

Buttom, 196.6°C

# Menghitung enthalpy masuk menara destilasi
chtanol =m Cpliq ( 70 ~25 )
166.1485 x 52.6447 x ( 70 - 25 )
=393607.7072 kJ
Qo =m Cpjq (70-25)
=3339415x75.6189x(70-25)
=1136353.0002 kJ
Q masuk = Q methanol + Q H,O
=1529960.7074 kJ

# Kondisi pada feed
~mencari T dew

152.88°C

P=15atm
Trial T dew = 173,4 °C
Komponen Kmol Yy Psat, mmHg K=Psat/P | Xy=Yr/K
Metanol 166.1485 | 0.3322 24550.8080 1.3204 0.2516
H,0 3339415 | 0.6678 10539.4460 0.8925 0.7482
Total 0.9998

— trial cocok
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~mencari T bubble

P=15atm
Trial T bubble = 173 °C 0376203459
Komponen Kmol Xg Psat, mmHg K=Psat/P | Ye=X;. K
Metanol 166.1485 | 0.3322 24280.6880 1,3144 0.4366
H,0 3339415 | 0.6678 10485.7181 0.8439 0.5636
Total 1.0002

jadi Feed yang berupa Subcooled Liquid

# Kondisi pada puncak
~mencar T dew

— trial cocok

P=15atm
Trial T dew = 152.88°C
Komponen Kmol Yd Psat, mmHg | K=Psat/P | Xd=Yd/K
Metanol 162.7920 | 0.99 22011.3482 0.9987 0.9913
H;0 t.6444 0.01 9882.0721 1.1236 0.0089
Total 1.0002
— trial cocok
~mencari T buble
P=15atm
Trial T dew = 152.88°C
| Komponen | Kmol Xd Psat, mmilg | K=Psat/P | Yd=Xd.K |
Metanol 162.7920 { 0.99 220113482 0.9987 0.9887
L H-0 1.6444 0.01 9882.0721 1.1236 0.0112
Total 0.9999
— tria} cocok
# Kondisi pada buttom
~mencar T dew
P=15 atm ,
Trial T dew = 196.86°C
Komponen Kmol Yd Psat, mmHg | K=Psat/P | Xd=Yd/K
Metanol 3.357 0.01 28698.8354 | 2.6043 0.0038
H»0 33229721 0.99 11059.7523 1.0036 0.9854
Total 0.9992

— trial cocok
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B-35
~mencari T buble
P=15atm
Trial T buble = 196.6°C
Komponen Kmol xd Psat, mmHg K=Psat/P | Yd=Xd .K
Metanol 3.357 0.01 28468.1288 2.5833 0.02583
H,0 332.2972 1 0.99 10843.2374 0.9840 0.97412
Total 0.99995

# Mencarit R min dan R op

Data keetimbangan methanol air ( Perry 3ed)

—» trial cocok

X149
Y |0

002 | 0061 01 {0151 0.2

0.3

0.4 | 05

06 | 07

0.8

0.134 1 0.304 | 0.418 | 0.517

0.579

0.665

0.729 1 0.825

0.87 | 0.915

0.958

0.9
0.978

~ menentukan q line

* Hp=Cp (Tr- Trer )
HF methanol 52.6447 (70-25)
=2369.0115 J/mol
= 75.6189 (70-25)
= 3402.8505 J/mol
Hr = ZXr1 Hp ;= 2544.3506 J/mol

Hr o

* H=Cp(Ti-Tre )
Hy. methunol = 56.4732 ( 1 73‘25)
= 8369.3282 J/mol
= 77.0678 (173-25)
=11421.4476 J/mol
H;, = ZXy1 Hy,1= 8886.9677 J/mol

HL 120

3978 7T,, —3.938+1.555 InP,
*H =RT.T,,. :

1.07-T,,
methanol Te =5126K
P, = 80.97 bar = 79.912 atm
R =1,987 kal/ mol K
Tw =1734°C =446 4K
Toy = i = ——~446'4 =(.8709
‘ T 5126
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Maka H. neihanet = 28240.8734 kal/mol
=118611.6683 J/mol

H,O T, =647 1 K
P, =220.55 bar = 217.666 atm
R = 1987 kal/ mol K
Ty 173.4°C =446.4 K

7 .
Ty, =-2= 4464 _ 0.6898

T, 6471

Maka H. o= 16471.5185 kal/mol
=70314.3771 J/mol
H, = ZX51 Hyp= 110420.3766 J/mol

_ HV_HF
HV_HL
q

-~ slope=——=7.1576
1-q

—q =1.1624

l
0d I r/ S
; -

e |
o~ Vs

| !

04

! |
f / |
e

0 02 (1) 0§ 06

g e e e

Xd=0.99
Xw=10.01
Xt =0.3322
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Dari kurva kesetimbangan diperoleh:

x> =0.365
y' =07
maka Rn.un _Xd-y
Rmin+1 Xd-x'
Rmin = 0.8657
Rop =1.2Rmin
=1.0388
\"
L D

D = 164,4364 kmol
L=RopxD

= 170,8165 kmol, terdiri atas : methanol = 169,1084 kol

HzO = ],708]

V=D+L

= 3352529 kmol terdiri atas : methanol = 331,9004 kmol
H,O = 33525 kmol

# Menghitung enthalpy destilat
chtanol =m Cpliq ( 152.88 - 25 )
=162.792 x 53,9795 x (152.88 - 25 )
=1123736.6461 kJ

Qo =m Cpiq (152.38 -25)
= 1.6444 x 74.2597 x (152.88 - 25

=15615.7658 kJ
Qdcslilal"_’ QHZO + Qmulhunol =1139352.4119 kJ

# Menghitung enthalpy buttom
Qmetanol = M Cpnq (196.6-25)
=3.357x 563589 x (196.6-25)

= 32466.1756 kI
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Q2o = m Cpyiq (196.6 - 25)
=3322972 x76.5197 x (196.6 —25)
=4363321.6006 kJ

Qbuuum= QHlO + Qme\hanol = 4395787.7762 kJ

# Menghitung beban kondenser
~Hy

Qunetanot = M Cpiig ( 152.88 - 25 )+ m Hv
=331.9004 x 53.9795 x (152.88 — 25 )+ 331.9004 x 21860.1846
= 8087951.728 kJ

Qo =m Cp]iq (152.88-125 }+ mHyv
=3.3525x 742597 x (152.88 — 25 )+ 3.3525 x 14484.0849
=68111.5737kl

Hv = Qino + Qmethanot = 8156063.302 kJ

~ Hl

Quetanst = M Cpiq (152,88 - 25 )
=331.9004 x 53.9795 x (152.88 — 25 )
= 1941040.514 kJ

Qmo =mCpig(152.88-25)
=3.3525x 742597 x (152.88 - 25 )
=26972.4273 kl

Hl = Qo * Quethanat = 1968017.941 kI

~ Beban condenser ( Qc¢)
Qc = Hv - Hl
=6188050.361 kJ

# Menghitung beban reboiler { Qr )dan Q hilang

Q masuk + Qr = Q destilat + Q buttom + Q ¢ + Q hilang
Qr - Q hilang = Q destilat + Q buttom + Q ¢ - Q masuk
Qr—(5%Qr)=10193229.84
Qr=10729715.62 kJ
Q hilang = 5% Qr = 536485.7811 kJ
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Ringkasan Neraca panas Menara Destilasi D-220

Masuk ( kg) Keluar ( kg)
~ Liquid dari 1[-214, pada 152.88°C: ~ Destilat, pada 152.88°C :
Methanol 393607.7072 Methanol 1123736.6461
H,O 1136353.0002 H,O 15615.7658
1529960.7074 | 1139352.4119
~ Buttom, pada 196.6°C
~ Beban reboiler Methanol 32466.1756
Qr 10729715.6226 | H.O 4363321.6006
4395787.7762
~ Beban condenser .
Qc 6188050.3609
~Q hilang 536485.7811
Total 122596763300 Total 12259676.3300

XI1i. Kondenser { E-221)

Gas, 152.88"C

E-221

H:0, 30°C
1,0, 45°C

e

Liquid, 152.88"C

# Menghitung enthalpy masuk kondenscr

Qmetznot = M Cpiig ( 152.88 -25 )+ m Hv
=331.9004 x 53,9795 x (152.88 - 25 ) + 331.9004 x 21860.1846
= 8087951.728 kJ

Quo =meﬁq (152.88-25 )+ m Hv
=3.3525x74.2597 x (152.88 — 25 ) + 3.3525 x 14484.0849
=08111.5737 k]

Q masuk = Q0 * Quetanat = §156063.302 kJ
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# Menghitung enthalpy keluar kondenser

chlzmol =m Cp]iq ( 152.88 - 25 )
=331.9004 x 53.9795 x (152.88 — 25 )
=1941040.514 kJ

Q][z() =m Cp],q(15288“25 )
=3.3525x 742597 x (152.88 - 25)
=26972.4273 kI

Q keluar = QHZ(’) + Quethanol = 1968017.941 kJ

# Menghitung Q serap

Dari perhitungan diatas diperoleh :
Beban condenser (Qc )= 6188050.361 kI

Q serap = Qc
=6188050.361 Kkl

Jumlah air pendingin :
asumsi : air pendingin masuk pada 30°C dan keluar pada 45°C
Cp air pendingin =4.1815 kI / kg K ( Geankoplis, 1997 )

Q=mCpAT
6188050361 =m 4.1815(45-30)
m = 98657.5848 kg

Ringkasan Neraca panas condenser E-221

Masuk ( kJ) Keluar ( kJ )
~ Gas, pada 152.88°C ~ Liqg, pada 152.88°C
Methanol 8087951.7283 Methanol 1941040.5140
H,O 68111.5737 H,O 26972.4273

1968012.9413.

~Q serap 6188050.3610

Total 8156063.3020 | 21129648.5363
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XIII1. Reboiter ( E-222 )
Gas, 196.6°C
Liguid, 163.4°C steam
kondensat
Liquid, 196.6°C
Menentukan suhu masuk reboiler
Jumlah yang masuk:
Methanol = 166.1645 + 169.1084 = 3352729
H>O =33.9415+ 1.7081 =35 6496
Trial T=163.4"C
Komponen Kmol Xd Psat K=Psat/P | Yd=Xd K
Metanol 3352729 | 0.8991 23361.2723 1.0599 0.9530
H,0 35.6496 ;| 0.1009 103231145 0.4684 0.0473
Total 1.0003

— trial cocok
Dari perhitungan diatas diperoleh

beban reboiler (Q ) = 10729715.6226 kJ

Jumlah Steam yang dibutuhkan :
Asumsi: steam yang digunakan adalah steam superheated pada 43 bar, 400°C
data ( Geankoplis, 1997 } 1 Hgutvapor = 2513.9251 kJ/kg
H]',q =1032.9435 k.]/kg
Huup vap = 2878.7895 kl/kg
maka A = Haatvapor - Hiig
=1480.9816 kl/kg

Q=mi+m, (Hyp vapor = Ht vapor )
10729715.6226 =m 1480.9816 + m ( 2878.7895 -2513.9435)
10729715.6226 = m 1845.8276
m = 5812.9565 kg
H steam = m Hup vapor
=5812.9565 x 2878.7895 = 16734278.25 kl
H kondensat = m Hy,,

= 5812.9565 x 1032.9435 = 6004455.6320 K]
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Ringkasan Neraca panas reboiler E-222

Masuk ( kJ) Keluar (kJ)
~ Steam, pada 400°C  16734278.2550 | ~ Beban reboiler
Qr 10729715.6226
~ Kondensat, 6004455 6324
pada 256.6912°C |

|

—

|
Total 16734278.2550 | Total 167342782550 |
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APPENDIX C
PERHITUNGAN SPESIFIKASI PERALATAN

1. STORAGE TANK (F-110)

Fungsi : menyimpan gas alam
Type :bola
Perhitungan :
Direncanakan: T penyimpanan = 30°C =303 K
P penyimpanan = 20 atm
BMamp= Z Xi.BMi
=(0,7101.16)+(0,1309.30)+(0,0791 .44)+(0,0377.58)+(0,0229.72)+(0.0193.86)
= 242642 1b/lbmol

_ BMc;\l\\p p ’r,,
panxnp V" * Pu ' T
- 232082 30 2D _ 5199 1
359 1 303
Kebutuhan gas alam = 239190818 kg/hani = 327320077 lb/han

43297 4856 ft*/hari
Waktu penyimpanan = 15 han

649462284 ft' = 18390.8235 m®

|

I

Maka, volume gas
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Jika digunakan 2 tangki, maka volume masing-masing tangki = 9196 m’

3
91954117 = i.Tc. l.D
3 2

D* = 17570.8505

D =26m
r = 13m
Tebal dinding
P.r
Lshell = ———F————+¢C Ulnich, p.250
T 8f-02p (Ulrich, p.230)
dimana:

fatow = fu o £ £
f.  =75000 psia (untuk SA-240 grade S tipe 304)
fin = 0,92 (untuk bahan kualttas C — structure steel)
fa =1,0 (tdak dikenakan radiograph)
f: = 1.0 (udak dikenakan stress refief)
Fanow = fufin.fi. £ fr = 17250 psi

Maka,

(20.14,696).(13.39,37)
1.8.17250 - 0,2.(20.14.696)
=285=3"
1. Spesifikasi Storage Tank (F-110)

taenn =

Fungsi : menyimpan gas alam

Type :Bola

Dasar pemilihan > tekanan penyimpanan tinggi
Kapasitas 9196 m’

Diameter 126 m

Suhu penyimpanan :30°C

Tekanan penyimpanan 120 atm

Tebal dinding 137

Bahan konstruksi : Carbon stell

Jumlah : 2 buah
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2. KOMPRESOR (G-111)

G-111

Fungsi : memberi tekanan pada gas alam

Type : Reciprocal

Gas masuk pada kompresor pada suhu 30°C.

. . P, 40
ratio compression = —=-=-——=2
P, 20
v=1.31
-!
Cwe= Y RT R )Y
y-1 BM P,

LAt

_ 131 8314.3(273+30) (_{1_(_).)1?_

T1.31-1 24.2642 2

= 78204.6556 J/kg
gas alam yang disuplay = 23919.0818 kg/han = 23920 kg/han
=0.2768 kg/sec
Jika digunakan kompresor dengan efisiensi 80 %,

-Ws.m _ (78204.6556 J/kg) (0.2768 kg/sec)
n1000 0.8 1060

= 27.0588 kl/sec = 37 Hp

Maka Hp=
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T2 =356.9984 K = 83.9984 °C
2. Spesifikasi Kompresor (G-111)

Fungsi : memberi tekanan pada gas alam

Type : Reciprocal

Dasar pemilihan : Ratio kompresi yang dibutuhkan tinggi
Kapasitas : 23920 kg/hari

Suhu operasi :30°C

Ratio kompresi 2

Power 37 Hp

Efisiensi : 80%

Bahan konstruksi : Carbon Stell

Jumlah : 1 buah

3. KOMPRESOR (G-112)

G-112

Fungsi : memberi tekanan pada udara
Type : Reciprocal

Udara masuk pada kompresor pada suhu 33°C.

ratio compression = 2 = - = 342

y=14
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-

y-i
_ws= L RTI[F -*_.]
Y-1 BM [P, J

P oy
= 128698.0388 J/kg
udara yang disuplay = 38066.6667 kg/hart = 38067 kghari
=0.4400 kg/sec
lika digunakan kompresor dengan efisiensi 80 %,

-Ws. m _ (128698.0388 J/kp) (0.4406kg/sec)
71000 0.8 1000

= 70.8804 kJ/sec = 95 Hp

Maka Hp=

T, = 430.5404 K = 157.5404 "C

3. Spesifikasi Kompresor (G-112)

Fungsi : memberi tekanan pada udara

Type : Reciprocal

Dasar pemilihan : Ratio kompresi yang dibutuhkan tinggi
Kapasitas - 38067 kg/han

Suhu operasi 135°C

Ratio kompresi 03,42

Power 195 Hp

Efisiensi : 80%

Bahan Konstruksi : Carbon Stell

Jumiah : 3 buah
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4. COOLER (E-113)

E-113

Fungst ; untuk menurunkan suhu udara sebelum masuk kompresor

Type : Shell and Tube Heat Exchanger (STHE)

Dari perhitungan sebelumnya didapat:

- oksigen = 15267,4517 kg/hari =1402,4427  1b/jam
- nitrogen = 329297,5982 kg/hari =30248,7285 Ib/jam
Total = 31651,1712 Ib/jjam
0 = 5960476.652 kl/hari = 233064.1834 Btw/jam
Massaair = 95029.3221 kg/hari = 8877.3225 Ib/jam
300C
l NOC
157.5404°C 33°C
——
112.5404°C l 45°C
L ATy = 22303 53500 = 94,1646 °F
(112.5404}
Inj —=——
3
2T, - 1—5—7—'3‘%’5—93 = 962702°C = 205.2864 °F
te - 30‘2“45 = 37,5°C = 67,5°F
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3. Asumsi :
Up = 30 Btw/(hr).(ft%).(°F)
Q = Up.AAT
A=
Up(Te-te)
_ 233064.1834
30.(205,2864 — 67.5)
= 56.3830 {i*

Dipilih ukuran pipa:
170D, 16 BWG, 1% 7 triangular pitch, L = 8 ft

_ 56,3830
0,3925.8
= 17.9564
Dari table 9, Kern diperoleh:
ID = i2”
N =18
Passes = 1|
Up koreksi
A = Nl.a,"L
= 18.0,3925.8
= 56.5 f’
Q = UpAAT
Us = 233064,1834

56,5.(205,2864 ~ 67,5)
= 29,9273 »~ 30 Bru/(hr).(ft*).(°F)
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Bagian shell: udara

Bagian tube: air pendingin

' £ 2, = 1471 table 10
sa- 0SB Lco-p_op ' [table 10]
144.P, o Ned, 18047
=1%-1%4=0375 ' 144.n 144.1
B =5 = 0,1838 ft?
, © 8877,3225
_ ., 03755 5 .G =2 L 88770020
“144.17% a, 01838
— 0.0833 2 = 48311.9592 Ib/(hr).(ft%)
s G- ¥ 316511712 v = G, =4831].9592
T a 0,0833 3600.p  3600.62.4
= 379793.1003 Ib/(hr).(1%) = 2.151 fps
6. Pada T, = 205.2864 °F 6'. Pada t. = 67,5°F
Hudara = (0,023 [ﬁg 15] Mair = I cp x2.42
= 0,023 cpx2,42 = 242 /(ft).(ho)
= 0,0557 1o/(ft).(hr) D =57 011420 [rable 10]
1,08 2
De = == =0,09 fi fi 28
€7y =0 (g 28] e = DG, _48311.9592.0,1142
= -
Re — De:G. _0,09.379793,1003 H 242
’ i 0,0557 = 2279.8453
= 6136692823 8. h; =430 Btw/(he).(R)L.(F) [fig.25]
7.Ju= 500 (fig28] | g . =, D
Keawa = 0,01895 Btuw/(hr).(82).(°F/ft) oD
{table 5] = 450.%7
Cotars = 0,25 Btu/(Ib).(°F)  [fig 3] ~ _

W
, ok fepnY?
. s ()

25 557)"
_ 5o 0.01895 _(0,_3.0,0337}

0,09 0,01895
= 95.0084 Btw/(hr).{ft}).(°F)

411 Bw/(hn).(tH).(°F)
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10U, = Teho _ 411.950084
h,+h,  411+950084
= 77.1696 Brw/(hr).(f%).(°F)
Ry= JeUn _ 77.1696-30
Uc Uy 77,1696.30

0,0204 (hr).(f2).(°F)/Btu > 0.003

Pressure Drop

Bagian Shell: udara

Bagian Tube: air pendingin

|

1. Re, = 613669.2823 I”.Re, = 2279.8453
f = 0,0009 ft¥in’ [fig.29] f = 0,0004 ft’/in’ [fig.26]
2. Vcudara=Z X;. V¢ 2
cu G ‘ 2 AP, = G, Ln
= 85.882 cm’/mol 522.10" Ds.g,

BMeump= £ Xi.BMi
= 28,84 gr/gmol
85.882
28.82
=2.9779 em/gr
=0.0477 AL

specific volume =

§= ——m = 03358
0.0477 62.4
. 8
N+ = 122 =12.5 =192
B 5
12
D, = —=1/
. o /

2
3.APSF} fG D . (N+D

2'5,22.10"D, 5.9,

_1 0,0009.(379793] 003)*.1.19.2
2° 522.107.0,1233.0,3358.1

= 0,5706 psia < 2 psia

_0.0004.(4831 1.9592)*.12.1
5,22.10°01142.1.1

= 0.0188 psia
G, =48311.9592
2
N 002 (6i2.27]
2.¢
II
AP, = 202
s 2.
= 240.02
1
= (.08 psia
APy = AP+ AP,

0,0188 +0.08
= 0,0988 psia < 10 psia
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Summary
| 950084 | houtside | 411
’{_Uc | = 77,1696 L \
Up = 30 |
Rgcalcutated = 0,0204 !
Rarequired = 0,003
0,5766 | Calculated AP | 00988 |
r 2| Allowable AP J 10
4. Spesifikasi Cooler (E-113)
Fungsi - Untuk menurunkan suhu udara sebelum masuk
kompresor
Type . Shell and Tube Heat Exchanger (STHE)
Dasar Pemilihan : Kapasitas besar, cocok untuk tekanan oprasi besar,

luas perpindahan panas besar

Dimensi
~ Shell 1D D127
Baffie space 5"
~ Tube ID 21,30
0D 01,57
Jumiah 18
Passes 1
Pitch 7
Susunan : triangular
~ Panjang (8 ft
.~ Luas perpindahan panas : 56.5 f’
Bahan konstrukst . Carbon stell
Jumlah : 2 buah

Prarencana Pabrik DME dari eas alam
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5. REAKTOR I (R-120)

I

R-120

Fungsi : Untuk mereaksikan metana dengan oksigen

Type : Multi Turbular Fixed Bed Reactor

Dari perhitungan sebelumnya didapat:

- metana

- etana

- propana

- 1-butana

- n-butana

- I-pentana
- n-pentana
- heksana

- oksigen

- mitrogen

li

It

I

i

I

i

il

il

152674517
34575,0672
30650,6886
8586,9713
10674 4936
7425,0244
70942065
14620,3141
15267,4517
3292975982

Total

kg/hari
kgMari
kg/hari
kg/hari
kg/hari
kg/hari
kg/hari
kg/hari
kghari
kg/hari

=1402,4427 ibjam
=3176,008 Ib/jam
2815,5212 Ib/jam
788,7849 lbfjam
9805412 Ib/jam
682,0504 Ib/jam
651.6620 ib/jam
1342 9977 1b/jam
= 1402.4427 1bfjam
= 30248,6736 Ib/jam

Il

Il

It

=43491 1792 Ib/jam
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neraca massa

Fa

l

YAAVA

dimana z = panjang reactor, cm; X

Fa= laju molar CHy, kmolMhari; D

dx
dz

Input — output — generation = 0

FA(1-XA) | 7 - FACI-XA) | 7402 — W. T4 =0

7 FA(1-XA) | 7= FA(I-XA) | 2oar— ( %Dz AZ p).107 (1-€).04= 0

F,\(l _X,\ )’, - F,-\( - X.-\ )!z«\z
AZ
untuk lim AZ —0Q

=§D2p.10'3.(|-8).n\

%sz.m-ﬁ.(l - o),

Z D10 (1- &), dz

A= I
X F (h

I

konversi

diameter tube, cm

p = densitas katalis, gr/cm"; £ = fraksi kosong
g

ra = kecepatan reakst, kmol methanol/kg katalis jam

neraca panas

Fa

l

N

dHyf,

uz

— Zm,

ZAAL

=zm Cp a1

Q masuk — Q keluar — Qserap — Qhilang = 0
Tmi.Hf | 2 - SmiHE | 7402 — Qserap — 5%.Qserap = 0
¢ Tmi Hf; | 2 - Smi HE | 742 - 1.05 Up 7D AZ (T-Ts) = 0
ImHf|, - Zm,Hﬁ'
Az
untuk lim AZ — 0

2o | 05U, 1 D (T = T¥)

d(z’—?m‘QZI'OSUDﬁD(T—Y};) ...................... (2)
(4 s
gimana  LCEMHAD o, ALy din

= d= "ds

oz
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dengan komponen yang masuk reaktor terdiri atas

~CH,4 :FA(]—X/\)
~02 =F[3—0.5 F/\X,\
~ Methano!l = Fe + Fa Xa

~ N, = 11760.6285 kmol
~ etana =1152.5022 kmol

~propana = 696.6066 kmol
~t1-butana = 148.0512 kmol
~n-butana = 184.0430 kmol

~t-pentana = 103.1253  kmot
~n-pentana = 98.5306  kmol
~heksana =170.0037 kmol
maka
Zdef Im Cp -‘-1—7—
"z dz

'
= [{F, (- X 3(1.702+9.08 10”7'—2_16410‘57'1)}+{(FE -0.5F.X,)(3.639+ 0.50610”7‘—%)} +

. 0.0410°
{(F(__V+FAXA)(211l+l2.216l()‘3'l'—3_45i()‘GT')}+{l]76(16285(3.28+0_593l()"‘T- 0;’ )}+

152502201131+ 19.22510 7 - 5.56110 “7%) |+ {696, 6066(1 213+ 287851077 ~8.82410°T)} +
f48.051201.677+37.85310°T ~11.94310°T)}+ {134043(1 935+36915107T -1 1402107 )+
0312532381+ 46473107 1475710 7))+ § osm(>(2464+4a 3SNOT - LI 0T
§70.0037(3.025+ 53.72210 7= 1679110 “T7) Jx8.

~
i

5 N Y227100
:l{F.\(l—XA)(I,7()2+9_()81()"‘7'—2.|64I()'“7")}+{(}?B-().SF,\X‘4)(3,639+0.5()6!()"’7'—(' 7‘7:]( )T+
L

| . 47042510°
{(FC +E X 2201412216107 —34510 5'1'~)}+ {42330.3 123+ 799740 - 002277 ——(}:L)}]
x 8. 3]4ﬂ ...........................................................................................................................................
dz
dm . cdx
—*ZH]—-I'AAHR‘—; ................................................................................. (4)
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dimana

r
Nf =, + Ide-‘
798

-3 4 121 n-6
= (= 201250 —(=74840)) + 8.3 14| 2.{2.2; (7 =298 + iﬂ;{“ﬁ_(r: ~298%) - ii’?‘—(l_grl - 298’)} -
-3 -6 _a
2.{].702(7' —298)+ w;ﬂ—m - 2987 - Ei(’;”—”(r‘ - :98’)} ~ (36397 — 208 + &g(l_(ﬁ - 2989
il
-0.22710% (= - —)}
Tl
=-126410 +[- 2L790T = 298) + 0.02396 (77 — 298%) = 7.1279107°(7™ - 298") - | 8873 m’(% - "LM)J ........................... (5

~ persamaan ( 5 ) disubstitusikan ke persamaan ( 4)
~ persamaan ( 3 ) dan ( 4 ) disubstitusikan ke persamaan ( 2 )
neraca panas pendingin

panas masuk = panas untuk menaikan suhu pendingin

di’s
7t Do Up (T-Ts) =W Cp -T ......................................................... (6)
«z

Menentukan kecepatan aliran pendingin

panas reaksi total = panas yang dibawa pendingin

FANtAHgx = W Cp ATs ; diharapkan ATs = 15°
I, NLAH , x
W= R e (7)
15.Cp
persamaan ( 7 ) disubstitusi ke persamaan ( 6 ), menjadi
F,NtAH  x dTs
7 Do Up (T-Ts) = #
15. dz
o mDold (T =TH 13.d:
dils = ol Y e (8)

I, . NIL.AH . x

Menentukan jumlah tube
~ digunakan pipa 22"IPS, sech 40
ID =2.469"=06.2713 ¢
OD =288 =73152cm

~ Heppuran = Zx. o= 0,0307 cp
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~ agar transfer panas baik digunakan aliran turbulen

DG
M

Re

627130

12100 = :
0.0307 3600 10"

G = 2.1324 kg/om? jam
Area per tube = n/4 D?=0.25x 3.14 x 6.2713% = 30.8734 ain’
Laju alir dalam tube = 2.1324 x 30.8734 = 65.8344 kg/jam
jumlah komponen masuk reactor = 479459.2674 kg/hari
=19727.4695 kg/jam

19727.4695
65.8344

2996527 =300 tube

|

Jumiah tube yang dibutuhkan

I

Menentukan ID sheli
~ susunan tube = square pitch

~ Py 1.250D=9.144 ¢m

I

sehingga tube dapat disusun seperti

1D sheil = 198.14 c¢im

=2 m
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contoh perhitungan
Diketahui data;

’*I'/\:58.3 -01T
~ AH; CH4 =.74.84 kl / mol
AH" 02 =0

AHy CH:OH = -201.25 k1 / mol

A 3 = AH, CH,0H - AH, CH |
((-201.25 )y-( -74.84 ) x 1000
-126410 J/imol

Ll

i\

~ katalis yang digunakan terdin dari:
CuO = 62% — pewo = 8.92 priem”
Zn0 = 21% - puno = 542 grieom’
ALO; = 17 % — panos = 3,99 gr/em”
Maka p = 0.62892+0.2]1 542+0.17 3.99
= 7.3486 gr/cm’
~ dimensi reaktor
untuk bagian tube digunakan pipa 2'2”IPS, sech 40
1D =24069"=062713¢m
OD =288" =73152c¢m
untuk bagian shell, ID = 198.14 ¢
~asumsie=0.5
~ padaZ =0
Fa = 934.2031 kmol
Fy = 477.1079 kol

F(; = 0
T = 200°C
Ts = 30°C

~ asumsi Up =27 btwhe 2 °F = 3679 107 kiMrem® K
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Penyelesatan
~untuk Z=10¢cm — AZ=dz=10cm

mencari dx dari persaiaan neraca massa (1)

% 6.2713% 7.3486107(58.3 ~ 0.17°)(1 - £)10
954.2301
’E- 6.2713%7.3486107°(58.3- 0.1 473)(1-0.5)10
954.2301

dx =

=0.01308
X =x+dx=0.01308

~ mencari dT
dari persamaan (3)

Zmlﬂ =LIm, (pﬂ—
dz {z

4

5
:1{954.203 (=X (1702 + 9081077 = 2164 1077 )+ {(FB -0.3(954.2031)0,)(3.639 + 0506 107°T _QLZT;E’_)}+

. 3 42510
KF-+F¥ (2211412216107 34510747 }+ {42330.3 123+ 79.97447 - 0.02227° —ﬂ';—,z;—lgn)}]

x8.3k4£
dz

dl

oz

= 509026,4836

dari persamaan (3)
T
AHy= MMy, + [Cput
9%

. . . . I
=- 126410+ [- 21910 - 298) + 002396 (77 — 298°) = 127910 (7" ~ 298" 1.887310"(?__7.;);)}

= 1273219779

dari persamaan (4)

dm. ) ¢x
EHfr'—"‘_:/',rAHR—
= =z
= 9542031, -127321 9779 £:02315 _ agy25y 7252

10
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mencart dT dari persamaan { 2 )

d(Tm Hf
(—';fﬁ =050, 7 IXT ~T,)
£m 4 dHf, FTHf dm, _
[4 {=
dT d
zm(p,d +EHf, = =105 Upa D(T-Ts)

509026,4836 47"+ -281251,7252=1,05.3,6793.10" & 62713 (473 - 303 )

dz

dT = 3,0884
T=T+dT=476,0884 K
mencari dTs dari persamaan ( 8 )

nDol) (1 =T15).ATs.dz
17, NtAH o x

dls =

_m.7.3152.3.6793107(473-303).15.10
954.2031.300.127321.9779.0.02315

={0.0929
Ts=Ts+ dTs = 303.0929 K

Dengan cara yang sama didapat

Z, cm X., Yo T, K | TS, K l
0 0 473 g 303 i
10 1.3077 476.0884 |  303.0929
20 | 25173 479.0681 |  303.1839
30 1 37270 4819446 | 3032790
40 | 49366 484.7232 | 3033784
50 1 61462 487.4085 | 303.4821
60 7.3559 490.0050 | 303.5902
70 8.5655 4925167 ' 303.7028
80 | 97751 494.9476 303.8200
90 10.9848 4973012 | 3039418 —
100 12.1944 4595807 | 304.0685
110 13.4040 501.7893 | 3042000
120 14.6137 5039299 | 304.3365
130 | 15.8233 506.0054 | 304.4780
140 | 17.0329 508.0181 [ 304.6248
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[ 150 T 182425 [ 5099707 [ 3047769 |
| 160 | 19.4522 511.8654 | 304.9344
170 20.6618 513.7044 305.0974
180 21.8714 515.4898 305.2661
190 | 230811 | 5172235 , 3054405
[ 200 | 24.2907 5189073 | 305.6208
| 210 | 255003 5205432 | 305.8071
220 26.7100 522.1327 305.9996
230 27.9196 523.6774 306.1984
240 29.1292 5251789 306.4035
250 | 303389 [ 5266387 |  306.6153
260 31.5485 528.0581 306.8337
270 32.7581 529.4384 307.0589
280 33,9678 530.7810 307.2911
290 35.1774 532.0871 307.5304
300 | 36.3870 5333578 |  307.7769
310 [ 375966 | 534.5942 1 3080310
320 38.8063 535.7975 308.2925
330 40.0159 536.9686 308.5619
340 412255 538.1086 308.8391
350 42.4352 5392184 | 309.1244
360 43.6448 540.2989 | 309.4179
370 | 448544 | 5413511 | 309.7199
380 46.0641 5423756 | 310.0304
390 47.2737 5433735 | 3103497
400 48.4833 5443454 | 3106780
410 49.6930 5452921 | 311.0154
420 50.9026 5462144 | 311.3621
L 430 52.1122 5471129 | 311.7183
440 53.3219 5479883 | 3120843
450 54.5315 548.8414 | 3124601
460 55.7411 5496727 312.8461
470 56.9507 550.4828 313.2424
480 58.1604 5512723 | 3136493
490 | 59.3700 5520419 | 314.0668
500 60.5796 5527920 | 3144954 |
510 61.7893 5535232 | 314.9351
520 62.9989 5542361 | 315.3862
530 | 642085 5549310 +  315.8490
540 65.4182 5556086 |  316.3237
550 | 666278 | 556.2693 | 316.8104
560 | 67.8374 5569134 | 317.3095
570 1 69.0471 557.5416 317.8211
580 | 70.2567 558.1542 318.3456
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Maka untuk x =70% — 2z =578 ¢cm
T =558,0256K
Ts=318,2355K
Mengecek Uy
Bagian shell: air pendingin Bagian tube: gas
v a=0-SB L ompoop T Re = 12100
Py ¥ jn= 60 [fig.24)]
= 0.727 Pada T, = 469.3312°F
B =5 Kimnewna = 0,0420
_ 78,0079.5.0,72 Kewnw = 0,0321
T 144 36 Kpropana = 0,0320
= 0,5417 f¢ Kituasa = 00195
* Massa air (w) = 29328,50585 kg/hari Kobuwna = 0,0189
= 2694,0677 1Ib/jam Kipenana = 0,0265
Go= Y = 2694,0677 Ki-pentana = 0,0137
S e, 05417 Kieksana = 0,0207
= 4973.3574 1b/(hr).(1t%) Koksigen = 0,0311
* Padat.= 67,5°F Knirogen = 0,0213 [table 5]
o= fep = 242 1o/ (f).(hr) Kewnpuran = Z X;. K;
4(“2 ) Z d{)z) = 0.0289 Bruw/(hr).(ft)).CF/R)
De= —4—u-— £
7w do s = 0.72
4(3‘62 - %2.881 Cawa = 0.67
e =2.8525 Cpropana = 0,95
Citmaa = 0,86
Re, = Gs De _4973.3574 2.8525 Covuns = 0,84
“ 242 ) Ciopentana = 0,79
= 5862.1909 Copentana = 0,76
Cheksana — 0,74
Coksigen = 0,29
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* =40
Padat.= 67,5°F
ke = 0,347 Bu/(hr).(f%).CF/1t)

[fig.28]

[table 4]
'y

¢ = 1 Btu/(Ib).(°F) [fig.2)
y
.k (op)?

hy = J.—.| =
Jn D, ( K ]
00347 (12425
2.852510.347

51.8480 Btu/(hr).(f)).(F)

Cuitrogen = 0,34 [ﬁg 3 &4]

Ceampuran = ZXi G

= 0,4201 Btw/(Ib).(°F)

%)

0.0289(0.42010.0307 2.42
288 0.0289

.k
.h,‘ = JH.—D—.

C.pL

K
12(

= 74.1265 Bu/(hr){f).(F)

he= h 2 = 7412652382
oD 2.88

=60

)}5

= 63.5481 Btw/(hr).(ft*).(°F)

h,.h, 63.548151.8480
h +h,  63.5481+51.8480
28.5524 Bu/(tu)(f2).(°F)
Rd = 0.003 (hr).(f%).CF)/Btu > 0.0015
1 ]

U

il

UD 1

+ .
28.5524

1

R,+-— 0.003
Je

=26.3158 =27 asumsi Up cocok 26.

Luas perpindahan panas = A = Nta".L

577.8778

(9]

= 300.0,7533. Ssi12 =4285 f
Menghitung Pressure drop
E e el
dimana G° = 2.1324 kg/em? jam = 0.7677 kg m? sec

L =4204331cm=4.2043m

D = 2469"=0.0027m

Nge = 12100

£=0.35
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BMeyp= Z Xi.BM1 =27.8677 Ib/Ibmol

Asumsi AP=0.25atm — P,=40-025=39.75am
Pavp = ( P1+P3)/2 = 39.875 atm
Tae = (T +T2)2=515.96175 K

BM.., P, T, _ 27.8677 39875 273
vV, P, T, 359 1 51596175

Peamp =

V]

= 1.6428 Ib/ft° = 26.317 kg/m’

AP p D & 150

—— = +1.75
G* Ll-g N,

AP 2631700627 0.5° 150 N
0.7677% 420431-05 12100

AP =0.2486 atm = 0,25 atm
5. Spesifikasi Reaktor (R-120)
: Untuk mereaksikan metana dengan oksigen
: Multi turbular fixed bed reaktor

. Luas area perpindahan panas besar sehingga suhu

1.75

Fungsi
Type
Dasar pemilihan

reakst dapat dipertahankan

Suhu operasi - 200°-285°C
Tekanan operasi : 40 atm
Dimensi
~ Shell 1D :2m
Baffle space 5"
~ Tube 1D 1 2.4697
QoD . 2.88”
Jumlah 300
Passes 1
Susunan : square
~ Panjang 1578 cm
~ Luas perpindahan panas : 4285 fi?
Bahan konstruksi : Carbon stell
Jumlah : 1 buah
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6. HEATER (E-121)

E-121

Fungsi : memanaskan gas alam sebeluwn masuk reaktor
Type :Shell and Tube Heat Exchanger (STHE)

Dari perhitungan sebelumnya didapat:

- metana = 11200 kg/hari = 10288133 1b/jam
- etana = 3871,1449 kg/hani = 355,5969 Ib/jam
- propana = 34308971 kg/Mari = 315,1565 Ib/jam
- i-butana = 960,5408 kg/hari = 88,2337 Ib/jam
- n-butana = 1194,9585 kg/hari = 109,7669 Ib/jam
-i-pentana =  830,4183 kg/hari = 76,2808 Ib/jam
-n-pentana = 7949303 kg/hari = 73,0209 Ib/jam
- heksana = 1636,1921 kg/hari = 150,2979 b/jam
Total = 2197,1669 ib/jam
Q =7029956.1449 kJ/hari = 27762808.2 Btw/jam

Massa steam = 3808.5659 kg/hari

349.7850 Ib/jam

400°C '
l \2000(:

83.9984°C
—Pp

200°C

172.6928°C l256,6912°C
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200-172.6928

1. AT = ——— " = [860125°C = 366.8224 °F
LMTD ;n[ng(_)w) 3
172.6928
2. T, = 5@112_253@2 = 328.3456°C = 623,0021°F
te = wziﬂ = [41,9992°C = 287.5986 °F
3. Asumsi :
Un = 35 Btw/(hr).(f}).(°F)
Q = U1).A.AT
fA-_Q
Up(Te-te)
277628082

= = 236.4982 f?
35.(623,0021-287.5986)

Dipilih ukuran pipa:
¥ " 0D, 16 BWG, 17 triangular pitch, L = 10 ft

N, = A = 2364982 120.4779
a.l. 0,1963.10
Dari table 9, Kern diperoleh:
ID =15%"
N, = 122
Passes = 4
Uy koreksi
A = Nta’L
= 122.0,1963.10 = 240 f’
Q = Up.AAT
Up = 27762808.2

240.(623,0021 - 287.5986)
= 34.5633 = 35 Bu/(hn).(A°).('T)
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Bagian shell: steam

Bagian tube: gas alam

4. a~ ID. ¢B —-C'=P+~-0D
144.P,
=1-%=025
B - 577
= sy, 0255
144.1
= (,1324 ft*
5.G.= Y - 349785
a, 01324
= 2642,3103 ib/(hr).(f%)

6. Pada T, = 623,0021°F

L = 0,021 cp = 0,0508 Ib/ (&).(hr)
De = 91‘123-=0,0608 A [fig 28]
ce = DG, _ 0060826423103

) 1 0,0508

= 3164.1839

7. he = 1500 Btw/(hr).(A2).(°F)

(condensate steam)

£ = 0302 f [table 10]
N,.a .
a = NuE, 1220302000 o
1440 144.4
5 G = 2 o 21971669
a, 0,064

i

34330.7328 b/(hr).(R%)
6’. Padat. = 287.5986 °F

Mimetana = 0,0135
Pewns = 00117
Hpropana = 0,0105
Mo = 00107
Hpentana = 0,0085
Hneksana = 0,008 [fig.15}
Heampuran = 2 Xi- pu = 0,0127 cp x 2,42
= 0,0307 Ib/(ft).(hr)

D = 2,620 =0,0517 ft [table 10]
Re, = GuD _ 0.0517.343307328
Heamp 0,0307

= 37814.296
7= 150 [fig.24]
Pada t, = 287.5986 °F
Kiewnn = 0,0215
Kewa = 0,0175

Kpropana = 0,0151
Kipuwana = 0,0139
= 0,0135
Kipenuna = 0,0127
Ku-pentana = 0,0083

kn-hum:m
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1

9,-hio= hi.—-— = 56,2458, ——
0D 0,75

khcksuna = 0,0080 [tab[e 5]

kcumpur;m =z Xi. ki

= 0,0197 Btw/(hr).(R?).CF/f)
Cretns = 0.6
Comna = 0,52
Coropara = 0,8
Cibuna = 0,73
Chbutana = 0,71
Cipontana = 0,60
Cnopentana = 0,65
Choksana = 0,02 [fig3 & 4]
Coampuran = = Xi. G

= 0,6115 Btw/(1b).(°F)

; b
] h't = jnl‘_(fﬁ) =

D\ k

5 0.0197 (0.6115.0,0307 &
005170 0,0197
= 56.2458 Btw/(hr).(/).(°F)
D 0,62

’

= 46,4965 Brw/(h).().CF)

10. U,

Rp

1

hoh, 4649651500

h,+h, 46,4965 +1500
45,0985 Bw/(hr).(R%).(F)

Uc-U, _ 45098535
Uy U, 45098535

0,0064 (hr).(R%).(°F)/Btu > 0,0015
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Pressure Drop

[ Bagian Shell: steam Bagian Tube: gas alam
1. Re, = 3164.1839 1".Re, = 57814.296
f = 0,0027 fi¥/in’ [fig.29) f = 0,00023 fi¥in? [fig.26]
2. specific volume = 1,8438 ft'/1b 2’. Vcgas alam = X X;. Vg
ftable 7] =128.8233 em*/mol
.- 1 _ 8691610 BMgmp= Z X;.BMi
18438.62,4 = 24,2642 gr/gmol
L 10
N+l = 12— =12 —=24 specific volume = 1288233
B 5 54.2642
_ 3
D, - 1525 _ 12708 =5.3092 cm/gr
12 =0.085 ft'/ib
1 £G,’D,.(N+1
3. AP, = 1 LG, D.N+D) s=— 1 —0.1884
2752210 D, 5.0, 0.08562.4
_10,0027(2642,3103).1,2708.24 AP = £G, Ln
25,22.10".0,0608.8,6916.107.1 Y 522109 Das.g,

= (0,0104 psia < ] psia

- 0,00023.(34330,7328).10.4
5,22.10%.0,0517.0,1884.1

= 0,0213 psia < 2 psia J
Summary
1500 H outside 46,4965

Uc = 45,0985

Up = 35

Racalcutated = 0,0064

Ryrequired = 0,0015

0,0104 | Calculated AP 0,0213
! Allowable AP J 2
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6. Spesitikasi Heater (E-121)

Fungsi  Untuk memanaskan gas alam sebelum masuk reaktor
Type . Shell and Tube Heat Exchanger (STHE)
Dasar Pemilihan - Kapasitas besar, cocok untuk tekanan oprasi besar,

luas perpindahan panas besar

Dimensi
~ Shell ID i R
Baffle space D57
~ Tube ID 10,627
0D /A
Jumlah 0122
Passes 4
Pitch o
Susunan : triangular
~ Panjang 10 ft
~ Luas perpindahan panas : 240 fi’
Bahan konstruksi : Carbon stell
Jumlah : 1 buah

7. HEATER (E-122)

Fungsi : memanaskan udara sebelum masuk reaktor
Type : Shell and Tube Heat Exchanger (STHE)

Dari perhitungan sebelumnya didapat:

- oksigen = 152067,4517 kg/hari =1402,4427  Ib/jjam
- nitrogen = 329297,5982 kg/hari =30248,7285 Ib/iam
Total = 31651,1712 Ib/jam
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Q = 8809539.606 kl/hari = 344467.108 Bru/jam
Massa stcam = 4772.6774  kg/hari = 4383306 Ibjjam
400°C
l \zoo“c
157.5404°C 200°C
3 N,
99.1508°C lzss,ﬁmz*’c
L oTom = “R=PD8 _mesc = 290.7073°F
200
In| -— —
[99J508)
2T, = %—2216392 - 3283456°C = 623,002I°F
te = ——————‘57'54(;4*200 = 178.7702°C = 353.7864°F
3. Asumsi ;
Up = 30 Btw/(hr).(ft%).(°F)
Q = U[).f\.AT
A = _.JH_Q___
Up(To-te)
_ 344467.108
30.(623,0021 ~ 353.7864)
= 42.6507 f

Dipilih ukuran pipa:
¥ 0D, 16 BWG, ¥, ” triangular pitch, L=7 ft

A
N = —
a.L

_ 426507 _ 4 a0

0,1963.7
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_Dari table 9, Kern diperoleh:

D =8 )
NG =32 fg
Passes = 2 <%y
. N P
Up koreksi ( é <
A = Nta”.L e Rai
- >3 e
= 32.0,1963.7 23
= 44 fF : gt
g L3
Q = Up.AAT m%
D h.i
- 344467.108 = |
Y 44.(623,0021-353.7864) e
= 29.0991 ~ 30 Bu/(hr).(ft%).CF)
Bagian shell: steam l Bagian tube: udara
|
' 4 = 0,302 /7
4. a= ID.MC4'?) - =Py 0D } . [table 10]
: N,.a 20,302
T e 033 =0,0336 f*
=13~ % =0,1875 | 144.n 144.2
B =5 G- o 316SLITI2
a,  0.0336
_ g 018755 |
14403, = 941999.1429 Ib/(hr).(ft%)
— 0.0555 f° | 6" Padat, = 353.7864°F
s M 4383306 0 Magaw = 0,023 [fig.15]
T a4, 0,0555 & = 0,023 cp x 2,42
= 7897.8486 1b/(hr).(112) | = 0.0557 Ib/(R).(hr)
6. Pada T = 623,0021°F D = ___0,16720 =0,0517 ft [table 10]
p = 0,021 cp = 0,0508 Ib/(ft).(hr) | -
0.55 Re, — OD _941999.1429.0,0517
De = —===00458 fi [fig28] | . 0,0557
= 874351.0895
7= 150 [fig.24]
Pada t. = 353.7864°F
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D,.G, 0,04587897,8486 Kuwra = 0,01895 Baw/(hr).(f).(°F/R)

Re; = = — {
K 0,0508 | [table 5]
= 7125.6836 | Cuws = 025 Bu/(b).CF)  [fig3]
e 2y o0 w
7. hy = 1500 Btw/(hr).(ft°).(°F) b = k(e 3
(condensate steam) M Tl ok
150, 0:01895 (0,25.0,0557Y"
10,0517 | 0,01895
=49.6141 Bruw/(hr).(A%).(°F)
9 hi,= k. 1D
) OD
5
g ~ 496141 252
0.75

41.0143 Buw/(hr).(f%).CF)

h,h,  41,0143.1500

1. 4. = h +h, 41,0143 +1500
= 39.9227 Btw/(hr).{ft®).(°F)
Ry~ YeUp _ 39.9227-30
UcUp 39.9227 30
= 0,0083 (hr).(f*).CF)/Btu > 0,003
Pressure Drop
Bagian Shell: steam | Bagian Tube: udara
1. Res = 7125.6836 o E .Re, = 874351.0895
f = 0,0027 fi¥in? [ig29] | £ = 0,00016 fi%/in? [fig.26]
2. specific volume = 1,8438 f*/1b L 2’ Veudara=Z X; Vg ‘
[table 7] | = 85.882 cn’/mol
 BMemg= T X, BMi
B 1,843;.62,4 =8,6916.107 l . P: ;;4}3;;@“0]
N+l = 12.-1’1 = 12% =16.8 E specific volume = 8;::;
[ =2.9779 em*/gr
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b, = %20’66671,’ ‘ =0.0477 ft'/1b
N Cos= b _o3ass
3 ap, :l_ f'Gsz'?g'(N +1) i 0,0477.62.4
2'522.10"D_s.0, ? o - £G.La
_ 1 0.0027.(7897,8486)*.0,6667.168 | 5,22.10".D.s.g,
2 OSR0M0079286916107L00016,941999.1429)17.2
= 0,0262 psia < | psia | 5,22.10'°.0,0517.0.3358.1
i = 1,0967 psia < 2 psia
Summary
1500 h outside 41,0143 |

Uc = 399277

uw =230

Ry calcutated = {,0083

R4 required = 0,003

00262 | Calculated AP | 1,0967
1| Allowable AP 2

7. Spesifikasi Heater (E-122)
Fungsi : Untuk memanaskan udara sebelum masuk reaktor
Type - Shell and Tube Heat Exchanger (STHE)
Dasar Pemilihan : Kapasitas besar, cocok untuk tekanan oprasi besar,

luas perpindahan panas besar

Dimensi

~ Shell ID 8
Baffle space 057

~ Tube ID 0,627
OD hnT
Jumlah . 32
Passes 2
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Pitch ST
Susunan : triangular
~ Panjang 27 ft
~ Luas perpindahan panas : 44 ft°
Bahan konstruksi : Carbon stell
Jumlah : 1 buah

8. HEATER (E-123)

E-123
Fungsi : memanaskan recycle sebelum masuk reaktor
Type : Shell and Tube Heat Exchanger (STHE)

Dari perhitungan sebelumnya didapat:

- metana = 4067,2491 kg/ar = 373,6107 1b/jam

- etana = 30702,6597 kg/han = 2820,2951 ib/jam

- propana = 27217,8115 kg/han =2500,1828 Ib/jam

- i-butana = 7625,2305 kg/han = 700,4198 Ib/jam

- n-butana = 9478,9503 kg/han = 870,7206 1Ib/jam

-i-pentana = 65934217 kg/han = 0605,6607 Ib/jam

-n-pentana = 6299,6554 kg/han = 578,6758 Ib/jjam

- heksana = 12982,8390 kg/hari = 1192,5819 Ib/jam

- oksigen =  40067,2491 kg/har = 373,6107 lb/jjam

- nitrogen = 292416,2672 kg/hari =26860,8709 Ib/jam
Total = 36878.6883 Ib/jam

Q = 577373659683 klhari = 2280177,034 Btw/jam

Massa steam 312799343 kp/hari = 2873,3226  1bfjam
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400°C
\zoot)c
100°C 200°C
——— -
156.6912°C l 256.6912°C
1. ATpamo 2001366912 _ 100 4657°C = 351.4383°F
200
In} —————
(|56,6912}
2. Te = 4—°°i2—25£69—12 = 328,3456°C = 623,0021°F
fe = ]—O—O—;ﬁ@ — 150°C ~ 302°F
3. Asumsi ;
Up = 38 Brw/(hr).(f%).(F)
Q = Up.AAT
A=
U, (Tete)
_ 2280177,034 - 1869290 2

38.(623,0021-302)
Dipilih ukuran pipa:
147 0D, 16 BWG, 1% " triangular pitch, L = 10 fi

N = 2
a.lL
_ 186.9292 — 47.6252
0,3925.10
Dari table 9, Kern diperoleh:
ID = 19¥”
Nt = 48
Passes = 8
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U]) korekst

A = Nta".L

= 48.0,3925.10

= 189 f¥?
Q = Up.AAT

2280177,034
UD =
189.(623,0021~302)

= 37.7033 = 38 Brw/(hr).(/%).(°F)

Bagian shell: steam Bagian tube: gas
S N [table 10]
144 P, 2 = N2, _ 48147
=1% ~1%=0,375 144.n 1144.3
B =5 = 0,06125 ft*
_ 10,25 03755 .G = _:_ _ 3608(‘;2,]628583
144,17, ‘ .
= 0.1337 &2 = 602101.0335 Ib/(hr).(/?)
5 G- wo_ 28733226 6’. Padat, = 302°F
g, 0,1337 Mo = 0,014
= 21490 8198 Ib/(lr).(ft?) | lewe = 0013
6. Pada T, = 623,0021°F | Upropuna = 0,0105
= 0,021 cp = 0,0508 Ib/(ft).(hr) Hboana = 0,01
De = l;(;—g-zo,og fi [fig 28] Hpewana = 0,009

Liheksana = 0,0085
D,.G, 0,0921490,8198

Rey= . Moksigen = 0,025
1 0,0508
Hnirogen = 0,023 [fig.15}
= 38074.287
7. hy = 1500 Btw/(hr) (%) (°F) Houmpurn = % I
e @ N = 0,0208 cp x 2,42

(condensate steam)

Il

0.0503 Ib/(f2).(hr)
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137
D = F‘- - O,l 142 ft {tﬂble IO]
Re = G,.D _ 602102,0335.0,1142
e = =
Mearmp 0,0503
= 136699.678

7. ji= 400 [fig.24]

Pada t. = 302°F

Kmetana = 0,0315
Kewna = 0,0227
Kpropana = 0,0233
Kibuana = 0,0149
Kobuwna = 0,0145
Ki-penana = 0,0225
Kopentana = 0,0103
Kickwra = 0,0110
Koksign = 0,0213
Kiirogen = 0,0192 [table 5]

kcumpuran = Xk

= 0,0197Btw/(hr).(f).(°F/ft)

Cmetana = 0,65
Con = 0,55
Cpropana = 0,85
Cibuana = 0,79
Cnbutana = 0,76

Ci-pentana = 0,7
Co-pentana = 0,69
Cheksana = 0,05
Cokgigen = 0,23

Cniogen = 0,25

[fig3 & 4]

Ceampuran = z Xi- G

= 0,3317 Btw/(ib).(’F)
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§ .0 = g[8
D\ k/
K
— 400, 0:0197 (0,3317.0,0503
0,1142 0,0197
= 65.2843 Btw/(hr).(f%).CF)
9’ hio= hi.E = 65,2843.-131
OD ,
= 59,6264 Brw/(hr).(f2).(°F)
i
10U, = Mwhy 5962641500
h,+h, 59,6264 +1500
= 57,3468 Btw/(hr).(&).CF)
go= YoeUp _ 57.3468-38
T U.U, 57346838

0,00888 (hr).(R*).(°F)/Btu > 0,0015

Pressure Drop

Bagian Shell: steam

Bagian Tube: gas

I. Re, = 38074.2871
f = 0,0016 fi%in’ [fig.29]
2. specific volume = 1,8438 ft'/lb

[table 7]
| 3
§= —————— =8,6916.10
1,.8438.62.4
N+1 = 12.£ = 12.E =24
B 5
b - 2281 s0ny

i

I".Re, = 136699.678
f 0,00015 ft¥/in’
2. Vegas= X Xi.Vg
= 105.3872 cm’/mo!
BMeu= T X;.BMi
=42.049 gr/gmol
1053872
42.049
=2.5063 cm’/gr
=0.0402 ft'/lb

i

(fig.26]

specific volume =

1

§s= —————=0.399
} 0.040262.4
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£G D, (N+1)
522.10".D, 5.0,

3. AP =l.
2

1 0,0016.(21490,8198)°.

f.Glz.L.n
5.22.10" D.s.o,

. =

1,6042.24

o |

0,3513 psia < | psia

5,22.10".0,09.8,6916.107"1 !

0,00015.(1602101,0335)*.10.8

Il

1,829 psia < 2 psia

Summary

1500 1 It outside I 59,6264
Uc = 57,3468
Up = 38
Ry calcutated = 0,0088
Ryrequired = 0,0015
03513 | Calculated AP | 1,829
I Allowable AP 2

8. Spesifikasi Heater (E-123)
Fungsi

Type

Dasar Pemilihan

- Untuk memanaskan recycle sebelum masuk reaktor
- Shell and Tube Heat Exchanger (STHE)

- Kapasitas besar, cocok untuk tekanan oprasi besar,

luas perpindahan panas besar

Dimensi
~ Shell ID :
Baffle space
ID
oD

Jumlah

~ Tube

Passes
Pitch

Susunan

i
148
-8
Y KT

s riangular

1947

15"
11,37

Prarencana Pabrik DME dari

eas alam
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~ Panjang 10 f

~ Luas perpindahan panas : 189 fi?
Bahan konstruksi : Carbon stell
Jumlah : 1 buah

9. COOLER (E-124)

E-124

Fungsi : untuk menurunkan gas hasil reactor R-120
Type : Shell and Tube Heat Exchanger (STHE)

Dari perhitungan sebelumnya didapat:

- metana = 4580,2355 kg/hari = 420,7328 Ib/jam

- gtana = 34575,0672 kg/hari = 3176,0081 Ib/jam

- propana = 30650,6886 kg/hari = 2815,5212 Ib/jam

- i-butana = 8586,9713 kg/hari = 788,7849 Ib/jam

-n-butana = 106744936 kg/hari = 980,5412 Ib/jam

-i1-pentana = 74250244 Kkg/hari = 682,0504 Ib/jam

-n-pentana = 7094,2065 kg/hari = 651,6620 Ib/jam

- heksana = 14620,3141 kg/hari = 1342,9977 Ib/jam

-methanol = 213744324 kg/han = 1963,4197 Ib/jam

- oksigen = 4580,2355 kg/hari = 420,7328 1b/jam .

- nitrogen = 329297,5982 kg/hari =30248,7285 Ib/jam
Total = 43491,1792 |b/jam

Q = 125219682,5835 kl/hari = 4945203847 Btw/jam

Massaair = 1996407,701 kg/hari = 183386,6841 Ib/jam
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30°C
1 \Wc
275°C 100°C
230°C l 45°C
1, ATommn = 230-70 = 134,5008°C = 274,1014°F
(230}
In| —
70
p)
2.T, = '—73;—'0—(3 = 187,5°C = 369,5°F
te _ 30445 = 37.5°C = 67.5°F
2
3. Asumsi :
Up = 30 Btw/(ho).(ft%).(°F)
Q = UD.A.I_\T
‘l\ = ___().___
Up(Temte)
_ 4945203847
30.(369,5 - 67.5)
= 5458282 11*
Dipilih ukuran pipa:
%7 0D, 16 BWG, 1% " triangular pitch, L = 10 ft
A
Nl = —
a.L
_ 543.8282 _ 139.0645
0.3925.10
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Dari table 9, Kern diperoieh:

ID = 297
N = 141
Passes = 6
Up koreksi
A = Nta'.L
= 141.0,3925.10 = 554 fi’
Q = Up.AAT

4945203,847

P 554.(369,5-67.5)
= 29,5882 ~ 30 Btw/(hr).(").(°F)
Bagian shell: gas Bagian tube: air pendingin
4a=10CB _ c—p_op 4 ' = 147 & [table 10]
LAy N = T —
144.P, o New, _14L147
=1%—1%=0375 t 144.n 144.6
B =5" = 02399 &
g 03755 o G, =M 1833866841
et 144.17% a, 0,2399
= 02014 f2 = 764429.6961 1b/(hr).(1t?)
wo_ 434911792 v = O _ 7644296961
3.G= — = = 3600p 3600624
= 215956.2002 Ib/(hr).(f)) = 34029 fps
6. Pada T, = 369,5°F 6’. Pada t,= 67 5°F
Hinewsa = 0,015 Mair = lepx242
Hetna = 0,014 = 2,42 Ib/(ft).(hr)
Hpropana = O,Oll D = 1,37 =0,1142ﬂ [table 10]
Hbutana ™ 0,0107
Re, = D.G, _764429,6961.0,1142
Upentana  — 0,0095 t 0 242
Packma = 0,009 = 36073,5005
Mimctanol = 030]4

8 h; =750 Btw/(ho).(f%).CF) [fig.25]
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Hoksigen = 0,027
Mairogen = 0,026 [fig.15]
HMcampuran = Z Xi. b
= 0,02297 cpx2,42
= 0,0556 Ib/(ft).(hr)
De = 1’i(j))§=(),09ﬁ {fig 28]
Re, = D..G, _0,09.215956,2002
I 0,0556
= 349569.3888
7.jn= 350 [fig.28]
Pada T. =369,5°F
kKipetan = 0,0345
kewna = 0,0241]
Kpropana = 0,0241
Kibuuna = 0,0156
Kovuane = 09,0151
Ki-penana = 0,0234
Kn-pentana = 0,0107
Kheksus = 0,0117
Kimetanot = 0,0451
Koksigen = 0,0223
Kuitrogen = 0,0198 [table 5]

kcumpurcm = I X ki

=0,0215 Btw/(hr).(R%).CF/f)

Crmetana  — 0,68
Cetara = 0.0

Cpropmna = 0,92
Cibuana = 0,83
Cobutana = 0,80

9. llio = '.1i.—l2
oD

- 75027
15

685 Btw/(hr).(f2).(°F)

I
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Cipentana = 0,75

Cnpentane = 0,74

Cheksna = 0,70

Crmetanol = 0,78

Cokgigen = 0,22

Cuitrogen = 0,26 (fig3 & 4]
Coampuran = 2 Xj. G

= 0,3669 Btu/(1b).(°F)
8. h, = j,,.%.(%}

=350.

0,0215 {0.3669.0.0556 )
0,09 0,0215

= 89.1597 Btw/(hr).(f).(°F)

h.h 685.89,1597
10Uy = e =
h,+h,~ 685+89,1597
= 78.8912 Bw/(hr).(ft*).C°F)
R,= YeUy _ 788912-30
UsU, 78,8912.30
= 0,0207 (hr).(f).C°F)/Btu > 0,0015
Pressure Drop
Bagian Shell: gas Bagian Tube: air pendingin
I. Re, = 349569.3888 I". Re, = 36073,5005"
f = 0,0016 ft*in’ [fig.29] f = 0.00024 ft*in? [fig.26]
= . . ~ 2
2. Ve =ZX. Vg » ap, = £G,’ L.n
=111.7252 cm®/mol 5,22.10".D.s.g,

BN‘CNHP= Z Xi.BMi = 46.0 I 25 gl'/gnlOI

_0,00024.(764429,6961)*.10.6
522.10".0,1142.1.1

= |,4116 psia
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2
3 ap, =L FG D N+ 1)

252210 D, 5.0,

1 0,0016.(215956,2002)".2,4167.24
2 5,22.10'°.0,1233.0,4118.1
0.

8165 psia < 2 psia

C-44
specific volume = L7232 G, = 764429.6961
46.0125 Vi
=2.4281 cm¥/gr g 00 [fig.27]
_ 3
0.0389 f*/1b A
1 ap, = 20 Y
§=-————=04118 2.8
0.0389 62.4 .
{ 10 = —'6.0,05 = 1.2 psia
N+l = 122 = 12.— =24 1
B ° APt = AP+ AP,
D, = ]2—;)=2-4167./i = 14116 +12

= 2.6116 psia < 10 psia

Summary
89,1597 h outside 685
Uc = 78,8912
Un = 30
Ry calcutated = 0,0207
R4 required = 0,0015
0,8165 | Calculated AP 26116
2 {1 Allowable AP 10
9. Spesifikasi Cooler (E-124)
Fungst : untuk menurunkan suhu gas hasil reactor R-120
Type : Shell and Tube Heat Exchanger (STHE)

Dasar Pemilihan

besar, luas perpindahan panas besar

: Kapasitas besar, cocok untuk tekanan oprasi
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Dimenst
~ Shell 1D
Baffle space
~ Tube D
0D
Jumtah
Passes
Pitch
Susunan
~ Panjang
~ Luas perpindahan panas
Bahan konstruksi

Jumlah

5"
01,377
01,57
2141

16

AR

: tniangular
(10 &

1 554 fi?

: Carbon stell
. | buah

10. DRUM SEPARATOR ( H-125)

H-125

Fungsi : memisahkan methanol dan gas

Type :tangki vertical dengan tutup atas dan bawah ellipsoidal
Rate yang masuk = 21374,4324 kg/hari

Puethanct = 786,64 kg/ln3

21374 ,4324.10°

=27171809,72 cm’/hari

Rate volumetric

0,78664
= 39,9799 ft¥/jam = 40 ft*/jam
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Keterangan : H=15D
Liquid mengisi % bagian shell

Volume liquid = % volume shell + volume elipsoidal

40 = % [gl)z.f/)+ 0.131328 D°

40 = v [%1)?1,5!))%)131328 D’
40 = 08831 D*+0,131328 D°
40 = 10144 D’
D' = 394113
Dien = 3.5 ft
Haat = 15D = 52019 ft
Hetipsoicat = ;—)= 3'4679=0,8669f’t
Huangi =  Hahent + 2 X Haefipsoida
= 52019+ 2x0.8669
= 71f
Tebal Shell
tahetl = PD e
21E

dimana:
fatiow = fufin fo £ 1
f. =75000 psia (untuk SA-240 grade S tipe 304)
fm = 0,92 (untuk bahan kualitas C — structure steel)
fa = 1,0 (tidak dikenakan radiograph) '
f =10 (tidak dikenakan srress relief)
futow= Fu.fn £y £ £, = 17250 psi
* E =0,8 dengan type pengelasan Double Welded Butt Joint
_pH-1)
144
p=0,78664 g/cm’ = 49,1099 1b/ft’

* P
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H =% Hgpen + Hutipsoictat
= % 52019+ 0.8669 =4.7683 ft

_49,1099.(4.7683-1)
144

Poperasi = (40 x 14.7) + P = 588 + 13309 = 589.3309 psia
untuk safety Poersi = 1,2 . 589,3309 = 707.1971 psia
Maka,

p

=1.3309psia

707.1971.3,5.12
tohell = +0,
2.17250.0,8

1.2895 % =1.29”

]

Tebal Elipsoidal

~Ler)
=é.(2+22):|

= PDY

elipsoidal 2TE-02.P

= 01473312 L g1=1.2879" = 1297
2.17250.0,8-0,2.19,2371

10. Spesifikasi DRUM SEPARATOR (H-125)

Fungsi : memisahkan methanol dari gas sisa reaksi
Type - Tangki vertical dengan tutup atas dan bawah ellipsoidal
Dasar pemilihan : Untuk memisahkan fasa cair dan gas yang tidak saling larut

secara cepat.

Kapasitas L 40 £’
Suhu operasi : 100°C
Tekanan operasi 140 atm
Dimenst
~ diameter shell (35 ft
~ tebal shell :1.29”
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~ tebal ellipsoidal - 1.29”

~ tinggi 7 ft
Bahan konstmksi : Carbon stell
Jumlah : 1 buah

11. STORAGE TANK (F-130)

Fungsi : menyimpan gas sisa reaksi yang di purge
Type :bola
Direncanakan: T penyimpanan = 30°C =303 K
P penyimpanan = 20 atm
BMuump = Z X;.BMi
=(0,0194.16)+0,0782.30)+(0,0473.44)+(0,0225.58)+(0,0137.72)+(0,0115.86)
+(0,0097.32 }+(0,7977.28)
= 42,049 ib/Ibmol
_ BMuy P T,

v, P'T

o

Peamp

42,049 20 273
359 1 303

2,1287 v/t

rate = 50611,3161 kg/hari = 524158911 ft*/hani

Waktu penyimpanan = 15 harni

Maka, volume gas = 786238.3665 fi* = 22263.9118 m*

1
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Jika digunakan 2 tangki, maka volume masing-masing tangki = 11132 m’
3
11132 = i.ﬂ:. l.D
3 2

D’= 212712533

D = 28m
r = l4m
Tebal dinding
tshen = —--P'r———+c (Ulrich, p.250)
1,8.£-02P
dimana:

fatow = fufin £ £ i .
fu = 75000 psia (untuk SA-240 grade S tipe 304)
fn  =0,92 (untuk bahan kualitas C — structure steefl)
fa =10 (tidak dikenakan radiograph)
fr  =1,0 (tidak dikenakan stress relief)
fattow = fu.fin. fi.10. £ = 17250 psi

Maka,

(20.14,696).(14.39,37)
1.8.17250- 0,2.(20.14,696)

tshell = +0,1 = 2,78«“=3”

11. Spesifikasi Storage Tank (F-130)

Fungsi . menyumpan gas sisa reaksi yang dipurge
Type - Bola

Dasar pemilihan : tekanan penyimpanan tinggi

Kapasitas 11132 m’

Suhu penyimpanan -30°C

Tekanan penyimpanan 120 atm

Tebal dinding D37

Bahan konstruksi : Carbon stell

Jumlah : 2 buah
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12. REAKTOR 1l (R-210)

A

Fungsi : Untuk mendehidrasikan methanol
Type : Multi turbular fixed bed reakior
Dari perhitungan sebelumnya didapat:
26583,7749 ky/hari
29,5986 kg/hari

- methanol
- H;0

Total

neraca massa

Input — output — generation =0

R-210

=24419413 Ib/jjam
= __ 27189 Ib/jam

Wwin, |
;

v ARAR
tils Kaioiik Widea Man

NUKABA VY 2

B & p -,

= 2444 6602 1b/jam

Fa FA(1-XA) | 7 - FA(I-Xa) | 202z = W. 1A = 0

7487, FA(]_X:\)’z" F.-\(I—X-\)L'z»f.\z -
A

AZ
l untuk im AZ — 0
F & Tn 10000
A dZ 4 p' . A
R

“D*p. 10 (1-£)r, dz

F

A

2 FA(L-XA) 2 - FA(1-Xa)Y | zoaz = ( %Dz AZ p).107 (1-8).1o=0

D’p.107 (1-e)ra
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dimana z = panjang reactor, cm; x = konversi
Fa= laju molar CHy, kmol/hari; D = diameter tube, cm
p = densitas katalis, gr/cm®; & = fraksi kosong
ra = Kecepatan reaksi, kmol DME/kg katalis jam
neraca panas
Fa Q masuk - Q keluar — Qserap — Qhilang = 0
l zm; HE | 72— Lm;. HF, | z+az — Qserap - 5%.Qserap =
0
g T HE | - Zmi HE | 740, — 1.05 Up =D AZ (T-Ts)
o]
m A, ~EZm |
Ts 7477, - ’z sz\z. =1.05U, 7D (T -Ts)
Az
untuk im AZ ~ 0
{(Zm Hj
dCMHL ) 05 17 DO =T o (2)
dz
. d Hf, ) .
dimana (Zm Hf ) ~Sm, dHf, - THY dm,
dz iz dz
—_— zmi g_.l_-.[L.. = Em‘ C‘[]ﬂ.

- ™

dengan komponen yang masuk reactor terdini atas

~Methanol =F, (1 - X,)

~ DME =F3+0.5F; Xa
~H0 =Fc+FA Xy
maka
o 2L T
dz dz

= [fF.(1- X, )(2211+12216 10°7 =345 10°T*)}+ {F, + 0.5F, ¥, )(3.518+ 20001 10°T -6.00210 72 }+

{(FC +05F X ).(3.4710+ 1451077 +

grd

S
012110 )H\‘.%S\E—T
j dz
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dm, dx
—’ZHffd_z=F.4AHR; ................................................................................. (4)

<

dimana
.
Nly= Mgy + [Cpar
2

-3 "
=[(- 183000 - 241826) - ~201250] + 8.314] {3A5|8 7298 + 20-_002'.5’_(7” ~29%%) _6—09?—”1:0{ - 298’)}+

145107 . 11 12216 107
3470 - 298y + —————(T7 2987y ~ 1121 0% (= ) b= 202211 (7 =298y 4 =220 10 " o0 g2
{ ) 3 ( (7_ 298) { (7 -298%) + > (77 ~298%)
A45107°
= _3_4.3_._(7"-‘ - 2«)3‘)}]
=~223576+[—2L3337 (T -298)—0.0124 (% -298%) + 2.4887 10°(T* — 29%8") + 1.006 10’(.;7—2—;8)] ........................... (&)

~ persamaan ( 5 ) disubstitusikan ke persamaan ( 4 )

~ persamaan ( 3 ) dan ( 4 ) disubstitusikan ke persamaan ( 2 )

neraca panas pendingin
panas masuk = panas untuk menaikan suhu pendingin

7 Do Up (T-T) = W Cp dIT“‘ ........................................................ )

az

menentukan Kecepatan aliran pendingin
panas reaksi total = panas yang dibawa pendingin
FaNtAHgx = WCp ATs
w o FaNLAH X
ATsCp
persamaan ( 7 ) disubstitusi ke persamaan { 6 ), menjadi
FyNLAH , x dTs
ATs. dz
_ Dol (T —T5).ATs.dz
- F, NtAH ,.x
diharapkan ATs = 15°

_ Dol (T ~Ts).ATs.d=
- F, NtAH o x

% Do Up (T-Ts) =

dTs

dils
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menentukan jumlah tube
~ digunakan pipa 2'4”1PS, sech 40
ID =2.469"=62713 cm
OD=2.88" =73152cm
~ Heampuran = Z Xi. Wy = 0,0349 ¢p
~ agar transfer panas baik digunakan aliran turbulen

DG
u

Re

6.2713G

2400 =
0.0349 3600 10~°

G = 0.4841 kg/cm? jam
Area per tube = /4 D*=0.25x 3.14 x 627132 = 30.8734 cm?
Laju alir dalam tube = 0.4841 x 30.8734 = 14.9471 kg/jam
jumlah komponen masuk reactor = 26613.3735 kg/hari

= 1108.8906 kg/jam
Jjumlah tube yang dibutuhkan = 1108.8906 _ 74.1879 =76 tube

menentukan D shell

~ susunan tube

~ PT

sehingga tube dapat disusun seperti :

///_ “\\\“\
-~ - ‘\‘
- I 27T /_“:\; "V\“u ‘\7
/ Nvasvanrasl ~

-

14,9471

square pitch
1250D=

9144 cm=3,6"

/@D HBGE N |
B S A A v N Y i
/o Ghdahhde \ ;
(M) ODbhd \i\ SR :
dOhDOPpLDOD | |
[ A AV A A R A A . 1D shell = 108.38 cm
(i'/' \r \1/ NN i \(‘/ [ f‘ \‘t / | _

g S S R | =Llm
/#-\, AV R AW W AW !
PANY RAMEAS /\%,/\f\\.l K :
UIHUNIIC I :
~ OGO " '
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“contoh perhitungan

Diketahui data;

~a=04T-1922
~ AHy DME  =-183.0000 k} / mol
AH; H,O = .241.8260 kJ/mol

AHy CH;OH =-201.25 kJ/ mol

AHg s = (AH DME + AH H,0)- AH, CH ,OH
=((-183 +-241.826 )- -201.25 )} x 1000
=+ 223576 J/mol

~ katalis yang digunakan terdin dari:
Si0; = 102% — psioz =2.32 g/em’
Al;O:=898% — panoy =399 gr/cm:4
Maka p = 0.102 2.32 +0.898 3.38
= 3.7209 gr/cm’
~ asumsi €= 0.5
~ dimensi reaktor
untuk bagian tube digunakan pipa 2'27IPS, sech 40
ID =2469"=6.2713 ¢m
OD =288 =73152cm
untuk bagian shell, ID = 108.38 cm
~ padaZ=0
Fa = 830.743 kmol
Fg = 1.6444 kmol

Fc = 0
T = 250°C
Ts = 30°C

~ asumsi Up = 27 btuhr A2 °F
= 3.6793 107 kJ/hr cm® K
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Penyelesaian
~untuk Z=10cm — AZ=dz=10cm

mencari dx dari persamaan neraca massa (1)

%sz.IO"’rA(l-e)dz

dx=
Fz\
%6.27132 3.7209 107(0.47'-192.2).0,5
- 830.743
-;5 6.27133.7209 107(0.4 523-192.2)0.5

- 830.743

=0.01442

X =x+dx=0.01442
~ mencari dT

dari persamaan (3}
Zm, dHf Im, Cpﬂ

dz dz
= [{F(1- X )2.211+12216 107 =345 10°7)}+ kE, +0.5E,X,)(3.518+ 20,001 10°°T -6.00210° 7))+
{(FC F0SFX ) (34710145107 4 21210 )}].\:8.3]4%2
- Z
= 52914.3229£
dz
dan persamaan (5)
AT, = Al + }der
=- 223576+[~2l.3337 (7= 298) — 0.0124 (7% — 2985+ 24887 10751 - 298 + 1.006 l()’(;-;— 2_‘;8)]

= -220246.4091

dari persamaan (4)

L d \ o
SHf, = iy Ay =

= 830,743, -220246,4091 0.01442
10

= -263840,0905 e
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~ mencart dT dari persamaan ( 2 )

d(Em Hf
EmAL) oy w1 -T,)

-
-

dm,

T, de +TH =L =105 Upn D(T~Ts)

S Cp, fg— +HS ‘i’l" =105UpaD(T-Ts)

52914,3229 %Jr -263840,0905 = 1,05.3,6793.107 7.6.2713 ( 523 — 303 )
dT=33314

T=T+d1=5263314 K

~ mencari dTs dari persamaan ( 8 )
_ Dol (1 ~T5).A T dz
F, NtAH , x

dls
_7.731523.67931 07(523-303).15.10

830.743.76.220246.4091 0.01442

=1.2408
Ts=Ts+dTs=3042408 K

Dengan cara yang sama didapat

Z,cm X, % T, K Ts, K

0 0 523 303

10 1.4417 5263314 304.2408
20 3.1105 530.1028 305.3416
30 5.0422 5343581 306.3231
40 6.9883 538.5351 3073313
50 8.9490 542.6354 308.3664
60 10.9245 546.6604 309.4286
70 129147 550.6117 310.5180
80 15.2184 555.0532 311.4932
90 17.8850 560.0239 312.3715
100 20.9715 565.5590 313.1678
110 24,5441 571.6874 313.8950
120 28.6795 578.4281 314.5646
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T 130 | 334661 | 5857866 | 315.1866

140 | 39.0067 5937505 | 3157702

150 454199 602.2846 316.3238

160 529111 611.4020 316.8510

170 61.6617 621.0050 317.3607

18C 70.9154 630.1114 317.9084

190 80.7012 638.7037 318.4989

Maka untuk x =80% — z =190 cm

T =0638.0894 K
Ts=318.4567 K
Mengecek Up
Bagian shell: air pendingin Bagian tube: gas
~ *' Re, =2400
* a= DD, = Py—OD _
144.P, *ju= 50 [fig.24]
= 0.72" Kmethanot = 0,037 Btu/(hr).(f%).CF/R)
B =5" [table 5]
_ 78,0079.5.0,72 Cmeanol = 0,77 Bu/(1b).(°F)  [fig 3]
1443,() , . k C.,,l i3
, Y ohoE o=l
= 0.5417 f° D k
* M ir (w) = 49101.7372 kg/hari
Massa air (w) g/hari 0,037 {0.77 0.0349 2.42\2
= 13696,5961 Ib/jam =30552 0.037
7 .
G.= W 136965961 .
T w T Tosar = 39.3026 Brw/(hr).(f2).C°F)
= 25284.4676 1b/(hr).(ft%) £ = h,.E = 39.3026%

*. Padat.= 67,5°F

g = lcp = 2,42 b/ (ft).(hr)
4(P.,-2 - Z—dozj
De= -— 2
7 do
4(3‘62 7 2.882)
- 4 ~2.8525
r2.88

= 33.6938 Bu/(hr).(f%).CF)

Prarencana Pabrik DMIC dari cas alam
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Re. = Gs De _25284.4676 2.8525
1 2.42
= 29803.2826
* jn= 90 [fig.28]
Padat.= 67,5°F
Kae = 0,347 Brw/(hr).(f).CF/ft)
[table 4]
Cir = | Bw/(ib).{°F) (fig.2]
i
-t (2)
_ o 0.347 (1 2.42)’5
2.8525\ 0.347
= 124.4055 Bu/(hr).(ft).(°F)
U, = h,h, _ 33.6938124.4055

h +h,  33.6938+124.4055
= 29.5379 Brw/(hr).(A).(°F)
Rd = 0,003 (hr).(/%).(°F)/Btu > 0,0015
1 1

Up = = =27.1335 = 27 asumsi Up cocok

R, +-- 0003+
Uc 29.5379

108.38

Luas perpindahan panas = A= Nta’.L. =76.0,7533.
uas perp P 2.5412

=204 ¢
Menghitung Pressure Drop
AP p D &’ _ 150
G Ll-g N
dimana G° =0.4841 kg/cm’ jam = 0.1743 kg m’ sec
L =189285cm=1.8929m
D = 2.469”=0.0627 m
Npe = 2400

+1.75
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BM = 60 Ib/Ibmol
Asumst AP =0.3 atin
P,=20-0.3=197 atm
Payy = ( P1+P1)/2 = 19.85 atm
Tug = ( T1+T2)/2 = 580.5447 K

) _BM P, T, _ 60 1985 273
o V, P, T, 35 | 5805447
= 1.5717 Ib/f’=25.1783 kg/m’
5] _3
maka al pQ € - ]50+].75

G? Ll-¢ N,

AP 251783 0.0627 0.5° 150

0.1743" 18929 1-05 2400 7
AP =0.2633 atm ~ 0.3 aun
12. Spesifikasi Reaktor (R-210)
Fungsi : Untuk mendehidrasikan methanol
Type : Multi turbular fixed bed reaktor
Dasar pemilihan - Luas area perpindahan panas besar sehingga suhu

reaksi dapat dipertahankan

Suhu operasi : 250°-365°C
Tekanan operasi :15 atm
Dimensi
~ Shell 1D 110 ¢cm
Baffle space 57
~ Tube ID :12.469”
oD :2.88”
Jumlah 176
Passes o
Susunan : square
~ Panjang 2190 ¢m

~ Luas perpindahan panas : 204 f?
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Bahan konstruksi : Carbon stell
Jumlah : 1 buah

13. HEATER (E-211)

E-211

Fungsi : memanaskan metanol sebelum masuk reaktor
Type : Shell and Tube Heat Exchanger (STHE)

Dari perhitungan sebelumnya didapat:

- metanol masuk = 213744324  kghai = 1963,4197 Ib/jam
-Q =24220060,0188 kl/Mhari =956504,2908 Btuw/jam
- Massa steam = 13121,5212 kg/bari = 12053211 1Ibvfjam
400°C
l \50”(‘
99,85°C 250°C
— ————

156,8412°C 1 256,6912°C

156,8412 - 150

AT = 22T - 154,795°C = 310,6311°F
I AT [I56,84I2}
In| 2225704
150
2T, - 390—+3§6—’69—13 = 328.3456°C = 6230021°F
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3. Asumsi :
Up = 30 Brw/(hr).(f).(°F)
Q = UpAAT
A= U,,.(%-tc) - 30.(9632(;,5,335219—0?,47): 15519
Dipilih ukuran pipa:
%7 0D, 16 BWG, ¥ ” triangular pitch, L =7 fi
N, = A _ 113319 _ g 06ss
a.L 019637
Dari table 9, Kern diperoleh:
ID = 13%”
N, =86
Passes = 8
Up koréksi
A = Nta'lL
= 86.0,1963.7 = 118 fi*
Q = Up.AAT
956504,2908
P 118.(623.0021-347)
= 29.3263 = 30 Bw/(hr).(1).(°F)
Bagian shell: stcam Bagian tube: methanol
. C'B Py OD 4. a = 0302 [table 10]
144.P, a = Moty 860,302
13/ - ,=0,1875 144n 1448
B =5 = 00225 &
_ 13,25 018755 5.G = §=?‘%%§~2—4
144,13, ! ’
= 0,092 2 = 948072.7755 1b/(hr).(f%)

Prarencana Pabrik DME dari eas alam-
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5 Go= Y = 13121,5272 6. Pada t, = 347°F
a, 0,092 Linetanot = 0,11 CP [ﬁg 15]

[}

142625.2957 Ib/(hr).(f*)
6. Pada T, = 623,0021°F
u o= 0,021 cp = 0,0508 Ib/ (ft).(hr)

De = 22200458/ [fig28]
Re.— Du:G, _ 0.0458.142625,2957
> m 0,0508
= 128680.959

7. h, = 1500 Bw/(hr).(ft*).(°F)

(condensate stean)

=0,11cpx242
=0,2662 Ib/(ft).(hr)

0.620
D = =22 =00517 &t [table 10]
Re = Gi:D _0,0517.948072,7755
‘ " 0,2662
= [84129.8366
7'..]‘1,1 = 60 [ﬁg24]

Pada t. = 347°F

Kinethanot = 0,111 Brw/(hr).(ft2).CF/ft)
[table 5]

Conethunol = 0,75 Btw/(1b).°F) [fig 3 ]

:

.k {cp)®
=g, = —
Ju D[k)

o OL11 (0.75.0.2662 5
00517 0,111

il

156,6628 Brw/(hr).(ft9).(°F)
9. hy,= hi.—I—Dr = 156,6628.9—’6—2
oD 0,75

3

I

129.5079 Btw/(hr).(ftY).(°F)

o U, = D, _ 129.5079.1500
"7 hy,+h,  129,5079 +1500
= 119215 Bw/(hr).(().CF)
Ry~ Uc-U, _ 119.215-30
U..U, 119,215.30

= 0,0249 (ho).(f%).CF)/Bu > 0,0015
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Pressure Drop

Bagian Shell: steam Bagian Tube: methanol
i 1. Re, = 128680.959 I’. Re, = 184129.8366
f = 0,0014 fi¥in® [fig.29] f = 000013 fi/in? [fig.26]
2. specific volume = 1,8438 fi’/ib Ve =118 em'anol
table 7 .
[table 7] specific volume = 13%
s= ~—-1“=8,6916.10“3 3
1.8438.62.4 =3.6875 cm’/gr
I 7 =0.0591 ftY1b
N+l = 12.= = 12.= =168
B 5 1
" Sosreza
D, = '—3]'?:1_1042‘,0 ' B
- 3 AP = £G’Ln
3 _1 £G. D (N+1) T 522.10"Disg,
' S 27522.10"D_ s,
' _ 0,00013.(948072.7755)*.7.8
_1 0,0014.(1426252957)".1,1042.16,8 5,22.10'.0,0517.0,2712.1
) 10 -3
2 522.10".0,0458.8,6916.107.1 = 8.9405 psia < 10 psia
= 0,6356 psia < | psia

Summary

1500 | houtside 129,5079 |
Uc — 119,215
Up = 30
Ry calcutated = 0,0249
Rgrequired = 0,0015
06356 | Caleulated AP | 89465

1 i Allowable AP 10
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13. Spesifikasi Heater (E-211)

Fungsi - Untuk memanaskan methanol sebelum masuk
reactor
Type : Shell and Tube Heat Exchanger (STHE)

Dasar Pemilihan

: Kapasitas besar, cocok untuk tekanan oprasi besar,

luas perpindahan panas besar

Dimensi
~ Shell ID D134
Baffle space 157
~ Tube ID ;1,377
OD 11,57
Jumlah : 86
Passes : 8
Pitch ST
Susunan - triangular
~ Panjang i
~ Luas perpindahan panas : 118 fi?
Bahan konstruksi : Carbon stell
Jumlah . I buah

14, HEATER (E-212)

E-212

J

Fungsi : memanaskan destilat scbelum masuk reaktor
Type : Shell and Tube Heat Exchanger (STHE)
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Dari perhitungan sebelumnya didapat:

- Destilat masuk:

methanol = 52093425  kghari = 4785215 Ib/jam
H,O = 29,5986  kg/han = 2.7189 lb/jam
Total = 481.2404 Ib/jam
-Q = 5429237,5012 kJ/han =214412,6677 Btu/jam
- Massa steam = 29413568 kg/han = 270,1881 Ib/jam
400°C
l \lSO“C
152,88°C 250°C
 se———

103,8112°C l 256,6912°C

L AT = A0Z1O3BIIZ 55 40010c = 257.8858°F

{ 150
ll‘l - - -
L103.8112

400+ 256,6912

2.T. - = 328,3456°C = 623.0021°F
. ’)‘
t = 1_5_2_%29 = 201,44°C = 394,592°F
3. Asumsi ;
Up = 15 Brw/(he).(f2).(°F)
Q = UpAAT
A-—2
Uy (Te-te)
_ 214412,6677 _ 62,5812 &

15.(623,0021-394,592)
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C- 66
Dipilih ukuran pipa:
%7 0D, 16 BWG, 'y, ” tangular pitch, L = 7 ft
No= A
a.l
_ 623812
0,1963.7
= 45,5434
Dart table 9, Kemn diperoleh:
ID =107
Ny =47
Passes = 4
Up koreksi
A = Nta’L
= 47.0,1963.7
= 65 ft’
Q = UpAAT
- 214412,6677
65.(623,0021 - 394,592)
= 14,5351 = 15 Bu/(hr).(f)).(°F)
Bagian shell: steam f Bagian tube: destiiat |
fam D CB =Py OD l 4. a’ = 0302 ft* [table 10]
144.P, | . = N2, _47.0,302
 Siy - 3=0,1875 [44n 1444
B -5 1 = 0,0246 fi*
1’ \
=10.%%%—f5.= 0,0694 112 15"632‘{:%%%1
W 2701881 | = 19528.9890 Ib/(hr).(ft%)
G T 060 { 6'. Pada t = 394.592°F

= 3890,7086 Ib/(hr).(fi%)

Hmetnol = O,] 07 Cp
=0,107 cpx 2,42
=0,2589 Ib/(ft).(hr)

[fig.15]
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6. Pada T, = 623,0021°F | 0,620 .
| D = 22 =0,0517 ft [table 10]
W= 0021 cp = 0,0508 Ib/ (f1).(hr) | 12
0.55 _ ] | Re = GcD _ 0,0517.19528,9890
De = -——12 =0,0458ﬂ “lg 28] { t 1 0.2589
|
Ro. DoG. _ 0045838907086 = 3899.7633
’ M 0,0508 [ 7. jn= 20 [fig.24]
= 35103178 | Pada t. = 394,592°F
7. he = 1500 Btw/(hr).(f*).(’F) | Kuctanot = 0,105 Bru(hn) (f8).CF/R)
(condensate steant) [table 5]

‘ Crethanol = 0177 B[lL/(lb)_(oF) [ﬁg 3 ]

l
! k fep)?
. . A

. h =, ——

l i J”D(k]

i

i

|

0,105 (0,77.0,2589)"
0,0517( 0,105

= 50.2967 Btw/(he).(ft2).C°F)

9 hi = h;.[—D= 50,2‘)67.9’—63
OD 0,75

= 41,5786 Bu/(hr).(ft).(°F)

h,.h, _ 4157861500

10. U, = =
h,+h,  41,5786+1500
= 40.4572 Bw/(he).(f).(°F)
Rl): UC.UD = 40’4572_]5

UsU, 40457215
0,0419 (hr).(R2).(°Fy/Btu > 0,0015
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Pressure Drop

Bagian Shell: steam Bagian Tube: destilat

I |
I.Re, =3510.3178 | I.Re, = 3899.7633
£ = 00025 fi¥in’ [fig.29) i £ = 000035 fi*fin’ [fig.26)
2. specific volume = 1,8438 ft/Ib /2%, Ve = 118 em™/mol
[table 7] | . 118
|  specific volume = ETy
s= 8691610 | > .
1,8438.62.4 i =36875 cm/gr
| = 00591 f'/
N+l =122 2127 — 168 | 0.0591 1t /lb
B 5 ! 1
10 ST Gosorens 012
Do = {5=08337 | DO
! AP, - £G,.Ln
2 t -
3. ap, =1 LG D.AN+D) | ,22.10° Ds.q,
2 52210°D 5., i
S _ 0,00035.(19528,9890)?.7.4
_ 1 0,0025,(3890,7086)*.0,833.16,8 k 522.10"°.0,0517.0,2712.1
. 1010 -3 i
27 5,22.10.0,0458.8,6916.107 1 I = 51632 psia < 10 psia
= 0,0127 psia < 1 psia i
L ;,
Summary
[ 1500 | houtside ! 41,5786 |
Uc = 404572 "
U[) = 15 V
| Recalcutated = 0,0419 l
Rgrequired = 0,0015 :
0,0127 | Calculated AP | 5,1632 |
J— | i
1 T{ Allowable AP { 10
. [ T o
14. Spesifikasi Heater (£-212)
Fungsi : Untuk memanaskan destilat sebelum masuk reaktor
Type : Shell and Tube Heat Exchanger (STHE)
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(- 069

Dasar Pemilihan - Kapasitas besar, cocok untuk tekanan oprasi besar,

luas perpindahan panas besar

Dimensi
~ Shell 1D S Lo
Baffle space 037
~ Tube ID 1,37
Ob D157
Jumlah - 47
>asses o4
Pitch D
Susunan s triangular
~ Panjang (7 ft
~ Luas perpindahan panas : 65 fi*
Bahan konstruksi : Carbon stell
Jumlah . 1 buah

15. COOLER (E-213)

E-213

N/

Fungsi - untuk menurunkan suha gas hasil reactor R-210
Type : Shell and Tube Heat Exchanger (STHE)

Dari perhitungan sebelumnya didapat:

- metanol © 5316752 kg/han = 488,388 Ibjjam

- H,0 60109476 kg/har = 5521550 Ib/jam

- DME [ 52856739 kgp/han - 1404, 1165 Ib/jam
Total = 2444,6601 Ibjjam

Q T 271521657990 kJ/Mhan = 1072299434 Btwjam

H

Massa air 4328935571  kghan = 39764,8802 Ib/jam
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- 70

30°C

365°C
320°C + 45°C
320-40 =10
I, L\TI.M’H) BN = 134(‘3]5 C
(3201
In |
L 40
<
2 [L ,()D+ 70 2[75“(‘
2
3 .
N . 30443 = 375°C
2
3. Asumsi ;
Uy = 30 Br/(hr).(f%).(°F)
Q= U AAT
Q
A e e
1 -1)‘(.l.l 1)
I(J72299.43}7

30.(423.5-07.5)
1004025 #
Dipihih ukuran pipa;
770D T BWG, VT square pitch, 1 10 ft

N, *ﬁ\_
a L.
100,4025

e IRY LR, B 10
0,1963.10

\4 0()C

70°C
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Dari table 9, Kern diperoteh:

D =107
N, =52
Passes = 2
U,y koreksi
A = Nta"L
= 52.0.1963.10
=102 ff
QO U AAT
S Mo7229930
102 (423.5-67.5)
= 29,5082 = 30 Bru'thr).(f%).(°F)
i Bagian shell; gas Bagian tube: air pendingin
4a= -lb. C B — =Py - 0D A - 030 [table 10]
I34.Py - N4, _ 520302
=1-¥%=025 144.n 144.2
B = s = 00545 fi?
. b
i .(::45'}5 = 0.086% fi’ 3= ,‘,_‘lz 39;?;5‘?:0_
W 244.600) = 729630.8294 Ib/(hr).(ft)
jb‘("z 00868 G, 7296308294
= 281642869 Ibihn (1) 3600.p  3600.62.4
6. Pada T, = 423 5°F - 3.248 fps
Hmeumat = 00155 6. Padat. = 675F
T = 00165 [fig 15] Har 7 bepx 242
Upme = 0,014 = 242 /AR (he)
Beampuran = 2 Xi. Hy n . 002
= 001486 cpx2.42 12
= 0,03597 IbAH.(hr) 003170 [table 10]
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De = 225 _ 00792 i [fig 28] | Re, = D:G. _729630,8294.0,0517
12 : . 2,42
Re, = DeG. _ 0,0792.28164,2869 i = 155875677
oo 0,03597 8.y =680 Bru/(hn)(f6).CF) [fig.25]
= 62031.1087 | D
7.jn= 180 [fig.28] o= hios
Pada T, =4235F |
Kunerano” = 0,014 B 680"8_:67%
ke = 00187 [table 5] = 562.1333 Btw/(hr).(f1*).(°F)
koap, = 0.0209
Keampuran - = 2 X Ky |
= 0.019 Btw/(hr).(f7).(CF/ft) -
Cretanot = 0.71
Cuir = 048 [fig 3]
comi; = 0,539

Conmpuran z Xi. &

8. h, =

180 L

= 0,6586 Btu/(Ib).(°F)

| 1‘?(
Y

0.019

§.;1\|‘
k
[ 0.6586.0.03597

10,0792 L 0019

46.4769 Bl thr).(ft7).(°F)

10U, = —=

h .h,

] 5021333 464769
h, +h,

$62.1333 + 46,4769

= 429277 Btw/(hr).(85).(°F)

Ry =

LUy, 42.9277-30

42927730

ey

= 001 (hr) (R LCFYB > 0.0015
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Pressure Drop

L Bagian Shell: gas | Bagian Tube: air pendingin
"1 Re, = 62031.1087 "1 Re, = 155873677
T = 00015 fi¥in* [fig29] | F = 00002 f*/in? [fig.26]
1 1
|2 N+1 = 2k 219y, 120 AP, = £G,’Ln
‘t B 5 |~ 522.10° D.s.q,
|
10 . |
D = 15 = 083331 | _0.0002.(7296308294)*.10.2
[ 3 ! 522.10.0,0517.1.1
Ve gas = X X V¢ ! .
l X | = 0,789 psia
| =132.1358 cm/mol |
- G, =T729630.8294
| BMamy= £ Xi.BMi |
| . , i Vv? N i
} = 36.8832gr/gmol \ 2—-3;:0‘07 [he.27]
! fic vol 1321358 ! |
a speciiic volume = 3_5:8832 | AP = 4n V2
| | r s
3 < 3 : s 2g
=3.5825 cm’/gr =0,0574 '/ f
| i
= ~Z0,07 =0.56 psi
s= L 0279 1 psia
0.0574 62.4
APy = AP+ AP,
2 \
3. ap, =1 fG. D.AN+D = 0.7891 +0.56
2 52210YD, s, _ _
' = 1.3491 psia < 10 psia
I _1 0,0015.(28164,2869)" 0,8333.24
b2 522107.0,0792.0.2791.1
|
1= 0,0103 psia < 2 psia
/= 00103 p p .
Summary
L 464769 houtside | 562.1333 |
! .
U = 429277 ‘I
Un = 30 |
Rycalewtated = 001 |
Ry required = 0.,00135 |
© 00103 Caleulated AP | 11,3491
2 Allowabte AP | 10
|
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15. Spesifikasi Cooler (E-213)

Fungsi » untuk menurunkan suhu gas hasil reactor R-210
Type : Shell and Tube Heat Exchanger (STHE)
Dasar Pemilihan : Kapasitas besar, cocok untuk tekanan oprasi besar,

luas perpindahan panas besar

Dimensi
~ Shell D 2107
Baffle space 25
~ Tube 1D S 1L3T
oD S1.57
Jumlah 052
Passes 2
Pitch T
Susunan s square
~ Panjang 10 f
~ Luas perpindahan panas : 102 ft’
Bahan konstruksi : Carbon stelf
Jumlah - 1 buah

16. DRUM SEPARATOR ( H-214)

H-214
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Fungsi : memisahkan DME dari methano! dan air

Type - tangki vertical dengan tutup atas dan bawah ellipsoidal

Rate yang masuk

- methanol = 5316,752  kg/han

-air = 06010,9476 kgMari

Prnethanol = 0,78664 g/cm’

Pair = g/em’

Rate volumetric = 5316,752,IQ‘_+ 6010.9476.10" =12769760,35 cm*/hari
0.78664 |

= 18,7891 " jam = 19 i /jam
Keterangan: H~= 15D
Liguid mengisi 4 bagian shell
Volume hiquid = *4 volume shell + volume konis

Volume liquid — ¥4 volume shell + volume elipsoidal

19

Y, G /)2.HJ+ 0.131328 D°

19 = %(%1)’.1,51)]+0.i3l328D3

19 = 08831 D +0131328D°
19 - 10144 D

D' 19.6006
Dgey = 26962 1= 3 i
Haa — 15D = 40443 11
Hemorndad /4): 26962 w7410
Foapgn = Haen * 28 Hepuondal

40443 - 2 x0.674
= 539238t =551
Tebal Shell

Laheli =
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dimana:
fatow = fo T LB
o =75000 psia (untuk $A-240 grade S tipe 304)
fn =092 (untuk bahan kualitas C — structure steel)
f. = 1,0 (tidak dikenakan radiograph)
fo = 1.0 (tidak dikenakan siress relief)
Fatow = Fo B L L 10 = 17250 psi

* [ =08 dengan type pengelasan Double Welded Butt Joint

. popdli-n)
144

P = (04694451099 = (0.5306.62.4) g/em’ = 56,1616 1b/f’
| R irlsh‘:ﬁ - ['L-',,P.,"i‘hﬂ
v 40443+ 0.6741 = 3.7073 fi

-( } S —_
po” ’lm(’l‘“-]q%” = 1.0965 psia

Popers = (15 X 14,7 }+ P =220+ 1,0965 =221.0965 psia
untuk safety Poperssi = 1,2 . 221.0965 = 265.3158 psia
Maka,

265.3
Lot 1'25:157?3&_#0"

2.17250.0,8
- 1,226 =137

Tehal Flipsoidal

P.D.\f

lch;‘h\)ldul 2Pk - ()7 I) + ¢

265,3158.3.12.1
2.17250.0.8-0.2.19,3423

+0,1=1226"=13"
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16. Spesifikasi Drum Separator (H-214)

Fungsi

Type

Dasar pemilihan

: memusahkan DME dari methanol dan air

- Tangki vertical dengan tutup atas dan bawah

elipsoidal

: Untuk memisahkan fasa cair dan gas yang tidak saling

larut secara cepat.

Kapasitas 19

Suhu operasi . 70°C
Tekanan operasi ;15 atm
Dimensi

~ diameter shell 3 ft

~ tebal shell S1.37

~ tebal ellipsoidal 0.3

~ tinggi 5.5 R
Bahan konstrnuksi : Carbon stell
Jumlah : 1 buah

17. STORAGE TANK (F-230)

Fungsi : menyimpan produk DML

Type :bola

Direncanakan: T penyimpanan = 30°C = 303 K
I> penyimpanan = 10 atin

Rate = 15285.6739 kg/han

Densitas = 649 kg/m'
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Maka volume liquid = 19,8546 "/ hari

Jika disimpan dengan waktu tinggal 15 hari, maka kapasitas tangki = 300 m*

| 3
300 - _.J[.["l—.Dj
3 2

D'= 5732484
D =9m
r =45m

Tebal dinding

tadi = lﬁS_IPhi)lP +c (Ulrich, p.250)
dimana;
o = £ fun et £
fo = 75000 psia (untuk SA-240 grade S tipe 304)
092 (untuk bahan kualitas C — structure sicel)

f. = 1.0 (udak dikenakan radiograph)
t, =1,0 (tidak dikenakan stress relief)
faow = fu fin £l f; = 17250 psi

Maka,
1.6¢ 5.39.3

e 1*;11“7;:06 —)?))2(? 2301194()7‘))6) ’ B3
17. Spesifikasi Storage Tank (F-230)
Fungst smenyimpan produk DME
Type *bola
Dasar pemilihan :tekanan penyimpanan tinggi
Kapasitas £ 300 m’
Suhu penyimpanan :30°C
Tekanan penvimpanan - 10 atm
Diameter 9m
Bahan konstruksi : Carbon stell
Jumlah . | buah
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18. MENARA DESTILASI (D-220)

°

Fungsi : memisahkan methano! dan air
Type : Sicve Tray

Menghitung surface tension liquid (o)

Feed merupakan larutan biner methanol-air

- puo =1 gr/cm" = 0,0555 gmol/cm3
- Puerwar = 0,78664 gr/em® = 0,02458 gmol/em®

Dari Perry edist 5 diperoleh:
R I 2N 113 - (1 x 2 = 426
Ymetnol = (TN 38) (X T13)+ (1 x20) = 878
Maka, oizo = (Yipo X prao)’
- (42,6 x0.0555)*
= 31.2741 dyne/ecm
Gt = (Fueranot X Proctan)
= (87.8 x 0,0246)"
= 21,6315 dyne/cm
Geamp = (03322 x21.6315)+ (06678 x 31.2741)
- 28,0965 dvne/em
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Menentukan jumlah plate minimum

Koy )
K HES )[,,,,.“,L

= L3365

0.9987

K 1K
CLK.HK botom = —K -
IR/ tastom

25833 _
0.9840

QLR K puncak : (

2,6253

Urata-rata : \[('( puncak '(Zﬁ(:r!um

L}

J11251.2,6253

= 1.7186

. (7. :
]()y{i \H\\l .['\HKJ
{ i)

P

No e o S dp N
m T

log «
0.993(0.99
og - o
0,01 ), 0.01
log1.7186

= &.7159 stage

Menentukan jumlah plate ideal

Ropews =R 1038808657
R+ 1,0388+ 1

=0,0874
Dari gratik Gilliland didapatkan:

N-N

SN L0 ss
N+

N 3

N-87139 55
N+

N-0,55.N = 87159 +0.55
N o= 205909 =21
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Menentukan diameter kolom

Dipakai jarak antar tray 207

Dari Ludwig fig.8.50 untuk oy = 28,0965 dyne/cm dan jarak antara tray 20”
didapat harga konstanta empiris = k = 560.

Rate massa maksimum (G)

P1 = pio = 62,4 Ib/cuft

Pv T Pwetnal T

32 273 14.5

359 (2734 70) 1

= 1,0287 Ib/cuft
G - k. \/ p:(p-,m— p)
= 560./1.0287 (62.4~1.0287)
1199.5394 [b/(hr)(ft)

Diameter kolom ([2)

12
s 32766 o
V 44495304

Menentukan tinggi kolom
Tinggi kolom = jumlah plate x jarak antar plate
= 21x20'12= 3511
Tinggi tutup atas dan tutup bawah yang berbentuk ellipsaidal = 2.( % .D)
= 0,08061 ft

Total tinggi = (35 +0.08061) = 3508061 fi

Dengan menggunakan tebal plate 0.25”, maka [2i = 1,803 ft
PDo=1.803+(2x0,25/12)

= 1.8447 &
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Menentukan lokasi pemasukan feed
(xw)y =001
(xu)yy = 0,01
D =164,4364 kimol
B = 335,6542 kmol
(xuw) =0,3322
(i) = 0,6678

N _ 1( ( Yo ) [,11\,’1;5-'_{\2 Q”.ﬂ
Ne WV JL A J LD |

\ f(n 66781 0.01
N }\()‘m’v’/\OOI

\\__._N__/

|

TH = 13375 — Ny = 13375 Ng

Np+ Ng=N

13375 Ng -« Ng = 20,5909

Ns=8,8089=9

Ng=11.7819=12

Maka feed masuk pada stage ke 12 dari atas atau stage ke 9 dari bawah
Menentukan isolasi/heat losses

Diameter rata-rata - (803 ¢+ 1.8447)2 = 18239 #

Exposed arca

- Head ellipsoidal - 2.(109.D°) = 2.(1.09.1.8239°) =58134
- Sisi silinder -~ aDH ~ 3.14.1.8239.35.08061 =179.9713 f*
Total arca = 185,7847 f1*

Digunakan isolator dari calcium silicate, k = 0.372 Btu/(hr).(ft%).(°F/ft) dengan
tebal 2 in

0,372 )
U =0l I.( 03 J (dan Trank and Gary, table 8.7)

= 0.178 Btu/(hr).{(f*).(°F)
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Panas yang hilang = Q = U AAT
= 0,178.185,7847.(343.94-80)
= 119150045 Buw/jam
Diameter luar isolasi = D, +[g—tfll%ﬂlﬂt-e)
22
= 18447 +(—]—§) = 2,1572 &

18. Spesifikasi Menara Destilasi (D-220)

Fungsi
Tvpe

Dasar Pemitlihan

Kapasitas
Suhu operasi
Tekanan operasi
Dimensi

~ Diameter

- tinggi

~ tehal solast
Bahan isolasi
Bahan konstruksi

Jumlah

a
-

- memisahkan methanol dan air
: Sieve Tray
- Bahan yang didestilasi tidak bersifat korosif,
dan tidak viscous
- 64450 kg / hari
2 173.2°C

» 15 atm

2 ft

40 ft

A

- Calcium silicate
: Carbon stecl

- 1 buah
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Fungsi : untuk mengkondensasikan produk atas menara destifasi
Type : Shell and Tube Reat Exchanger (STHE)

Dari perhitungan sebelumnya didapat:

- metanol = 10953,6064 kg/hari = 1006,180t Ib/jam

- H;O = 02,2368 kg/hari = 5,7169 1b/jam
Total = 1011,8970 Ib/jam

Qc = 6188050,361 kJ/hari = 2443798757 Btu/jam

it

Massa air 98657,5848 kg/hari = 9060,8771 Ib/jjam

30°C
l “‘*-\\\i22,88°c

152,88°C 152,88°C

l 43°C

107 88°C

12288-107.88
I AT =

(liiﬁéh\ .
In

10788 )

= 115251°C = 2394518°F
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5288+ 15
2T, = 1—-:—1°~2—8§ ~ 152.88°C = 307,184°F
30+45
t - = = 375°C = 675°F

3. Asuinsi ;

Up = 24 Btw/(hn).(A%).CF)
Q = UpAAT
Q . 244379 8757

Up(Te-t) 24.(307.,184 - 67.5)
Dipilih ukuran pipa:
¥ 0D, 16 BWG, 17 square pitch, L. =9 ft
A
a L
42.4830
0.1963.9

Ny —

- 24,0465

Dari table 9, Kern diperoleh:

ID = g8

N = 26

Passes = 2

Uy, koreksi

A = Nta’'L
= 26.0.1963.9
= 46 f\°

Q = UpnAAT

2443798757
U]) = e T
46.(307.184 - 67.5)

= 23,1968 = 24 Bru'thr) (fi).(“F)

= 424830 f{?
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Bagian shell: gas

4. a5 lD.l( B

> C=Pr-0D
44p, '
={-¥%=025
B =35”
_ 20255
1441

= 0,0694 ft°

. (
5.Ge . 10118970

da,

0.0694
= 145722494 Ib/(he) (1)
6. Pada T. = 307.184°F

Cnctanol

8 hy = i, k .(C.;l
Dy k

0.124 (0,71‘0_‘0339_)‘

= Q) o
0,124

10,0792
= 81,5864 Btw/(hr).(N7) (°F)

- 071 Buib)Fy [fig 3]

!
i
%
!
|
|
i
|
|
|
|
|
\
|
|

i

4oato- 030208

Bagian tube: air pendingin
T {iable 10]
[ N &' 260302

1441 1442
0,0273 #*

W _ 9060,8771
0,0273

q,

= 332509.2514 Ib/(hr).(f%)

G,
3600.p

_332509,2514
3600.62,4

1.4802 fps
6". Pada t. = 67.,5°F

. i
Hmetanol  ~ 0014 cp “lgl-ﬂ i Hair = leX2,42
- 0014 cpx2.42 ! = 2.42 Ib/(f).(hr)
|
= 0.0339 Ib/(fi).(! 0,62
37 1ot (hr) D = 292 _605170 [able 10)
De = —O—I'%Lo,ov‘)z /i [fig 28]
Re.= DeG. _ 0.0792.14572,2494 Re, = D.G, _0.,0517.332509,2514
) R 0.0339 i, 2,42
= 340449013 = 7103.6067
7 = 90 [fig.28] | 8. h, =450 Brw/(hr).(f?).(°F) [fig.25]
Pada I, = 307.184°F
. P9 h, = h..£
kmcl;mni - (), 124 B(il:l‘ hl').( H~ )A(“"‘/ﬁ )
[table 4] asp 202
0,75

= 372 Btw/(hr).(ft).(°F)
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,
10.U, = Mt . 372815864

h,+h,  372+81.5864

i

66.9115 Brw/(he).(1%).(°F)
UcUy _ 669115-24

Rp= ——
U..U, 66.9115.24
= 0,0267 (hr).(ft).(°F)/Btu > 00015
Pressure Drop
Bagian Shell: gas I Bagian Tube; air pendingin
| Re, = 34044.9013 1" Re, = 7103.6067
|
f = 0.0022 fi¥n’ [fg29] | f = 0,00026 ft*in’ [fig.26]
| i
aNel =12k 212 2o Ly . fG Ln
B 5 T 52210 Ds.g, I
| |
| b - %:0.6667,/) . _0,00026,(43325092514)7.9.2 |
i : 5,22.10".0,0517.1.1
Ve =118 em’/mol ! ‘ ,
‘ = 0.1917 psia
specific volume = 18 v?
32 - Gi=332500.2514; =002
= 3.6875 cm*/ar | i
| =0.0591 fi'/lb | [fig.27]
; S AP, = 4’13\/_ - f‘t_':?__o‘oz
| 0.059162.4 s g !
|

= (.16 psia
o=t FGIDUN D)

; 27522.10" D50, APE = APy AP,

= L1917 + 0.16
= 03517 psia < 10 psia

1 0 (1437121‘)4) 0()()()777]() 1
2 22.10"0.0792.0.2712.1

- 0,3 psia < 2 psia |
PSS A
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Summary
81,5864 | M outside f 372

Uc = 0609115 ‘

Up = 24

Ry calcutated = 00267 [

R, required = 00015 !
03 Calcolated AP . 03517
e e s e e e e
‘ 2 Alowable AP 10 '
L S _.,__J‘

19. Spesifikasi Condenser (E-221)

Fungsi ‘Untuk mengkondensasikan produk atas menara
destilasi

Type - Shell and Tube Heat Exchanger (STHE)

Dasar Pemilihan - Kapasitas besar, cocok untuk tekanan oprasi besar,

luas perpindahan panas besar

Dimensi
~ Shell ID . 8”
Baffle space 57
~ Tube 11D 0,627
oD 7
Jumlah 026
Passes 22
Pitch ST
Susunan s square
~ Panjang (9 fi
~ Luas perpindahan panas - 46 f\*
Bahan konstruksi : Carbon steel
Jumlah . 1 buah
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20. AKUMULATOR (FF-223)

Q F-223 T )

Fungsi : menampung destilat dari kondensor

Type : tangki horisontal dengan tutup samping ellipsoidal
Rate yang masuk = 10681,1578 kg/hari

p = 0,78664 p/cm’
. 106 578.10° .
Rate volumetric = ~—-——~§11D 8—]-0~:14003665,2l em*/hari
0.78664

= 14.0037 in /hari = 4945321 N/hari
= 20.6055 ftjam = 21 ft'/jam
Keterangan : L = 2.D

Liquid mengisi % bagian tangki

Volume liquid = ¥ volume shell + volume elipsoidal

2 = 3, (EDZ'L]+2'[0’131328'03])
3 (]V/T

LA T />3.2./)} +2[0.31 328.1)-‘]J

21 - 34 (1.8335DY

20 - 1375.D°
D' 149858
Daen = 25 11
Laet = 2D = 4930811
Lot = 2 -/4’ _:2‘2%(’»2‘1 - 123271
Limghe ™ Lawen = Lepsoiant

49308 1+ 12327 =6.1635 =065 ft
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C-90

Tebal Shell

P.D
2f

Lihenn = +c

dimana:
Fatow = fufinfo. b fr
fu =75000 psia (untuk SA-240 grade $ tipe 304)
fm  =0,92 (untuk bahan kualitas C — srrucrure steel)
f. =10 (tidak dikenakan radiograph)
f = 1,0 (tidak dikenakan stress relicf)
futow = fu.fu £ fo.f = 17250 psi

* E = 0.8 dengan type pengelasan Double Welded Butt Joint

* P= p.(H-1)
144
p = 0.78664 g/em’ = 49,1099 Ib/1t’
H=3%D

= %24654 = 18491 ft

_49.1099.(1.8491-1)
144
Poperass = (15x14,7)+ P = 220,5 + 0,2984 =220,7984 psia
untuk safety Popens = 1,2 . 220,7984 = 264,9581 psia
Maka,

P

=0,2984 psia

264.9581.2.5.12
taet = ————————-—+0

2.17250.08
= 0384 =041"

Tebal Elipscidal
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P.Dv

Cellipsoidal = 7t- £-0 7. p e

4 01=0384"~ 0417

264,9581.25.12
2.17250.0.8-0.2.17.9981

20, Spesifikasi Acumulator (F-223)

Fungsi - menampung destilat dan kondensor
Type - Tangki horisontal dengan tutup samping
cllipsoidal
Dasar pemitihan - Tekanan udak terlalu besar
Kapasitas 2!
Suhu operasi S 15288°C
Tekanan operasi S am
Dimensi
~ diameter shell 250
~ tebal shell (0417
~ tebal ellipsoidal (0417
~ panjang 105 f
Bahan konstrukst - Carbon steel
Jumlah - 1 buah

21. REBOILER (E-222)

Fungsi : menguapkan kembali produk bawah dari menara destilasi

Type : Kettle Reboiler

Dart perhitungan sebelumnyva didapat:

-0, 07297156226 k)/harn - 423740341 Budjam
- Massa steam = 38129365  kg/hart = 3338716 Ib/jam

Prarencana Pabrik DM dart cas alam
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400°C
l ““~\\\303J1°C
196.6°C 196.,89°C
——————
60.0912°C l 256.6912°C
. 203.11-60.09 .
L. ATiam 0.0912 117433000 = 2433780°F
o 20301 3
H
60,0912 )
. 100+ 2566912
2T, - __miﬂ? O91 = 328.34356°C = 623.0021°F
() () C
L o 1m9532'—9§) = 196,745°C = 386,141°F
3. Asumsi :
Up = 25 Btw/(hr).(A).(°F)
Q = UpAAT
(
A 2

Ul)'(TL"l(’)
423740341

25.(623.0021 - 386.1.11)
71.5592 f°
Dipilih ukuran pipa:

70D 16 BWG, ', triangular piteh. L= 8 fi

71,5592
01963 8

= 45,5675
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Dari table 9, Kern diperoleh:

1D = 10"
N, = 47
Passes = 4
Up koreksi
A = Nta"lL
= 47.0,1963.8
= 74
Q = Un.AAT
; 423740.341

74.(623,0021-386.141)

15503772

= 242381 = 25 Bru/(hr).(f*).(°F)
VBilgi'dl'.] shell: liquid ‘f Bagian tube: steam
4oa, = 0302/ table 10
4. a,= D~(—B—>(—P|—-()D ‘ [ ]
144.P, .~ Nea, _47.0302
¢ = =
- % =0,1875 144.n 144.4
- 2
B =5 0,0246 ft
0,1875.5 s
=10. =227 = 0,0694 fi
14415, 5 G = 3338716
a, 00246
5 G~ W |13704F’5() |
T a 0.0694 ; = 21664.7909 1b/(hr).(ft)
i - o
| = 163838.9856 Ib/(hr).(fi%) | - Pada T, = 623,0021°F
6 Padat, = 386 141°F i po =0021cpx242
I = 02 cpx 242 : = (0,0508 Ib/(ft).(hr)
= /, & 0162 __ :
0.484 Ib/(ft).(hr) D - =0,0517 ft [table 10}
. 933 ble 10] |
De = =y = 00458/ fable 101 D.G, _0,0517.21664,7909
P N 0,0508
Re ~ DG, _0.0458.163838,9856 |
s " 0,184 ) = 22048,6'59
‘\
|
l
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7. 3= 90 o [fig28] [ 7. I = 1500 Btw/(hr).(R2).C°F)
Padat, =386,141°F (condensate steam)
k = 0,124 Btw/(hn).(f).(°F/f)
[table 4]
¢ = 0,71 BtuXlb).(°F) [fig 3]

.k fcocu h
8.hy = j, — | —
", ( k ]

00124 (0710,484)"
004581 0124

- 3422626 Buy/(hr).(t°).(°F)

2262
10U, = Jwls - 34226261500

h,+h, 3422626+ 1500
= 278.6757 Btw/(hr).(f°).(°F)

Uc-U, _ 2786757-25
U.U, 278675725

Rp=

= 0,036 (hr).(f%).(°F)/Btu > 0,0015
Cek maksimum heat fluk

423740341
- Q = 423740341 =5741.0545 Bruw/(thn). (/%) < 12000 Blu/(hr) (ﬂ )
A 73,8088
Cek Pressure Drop
I. Re, = 220486159
f = 0,0003 fi/in” [£ip.20]
2. specific volume - 1,8438 ft'1b {table 7]
A 8.6916.10"
1.8438.62.4
2
3. AP, = £G, 1.

5.22.10" Ds.o,

0.0003.(21604, 7‘)0‘)) 8.4
5 22 l0”'005]78()91(> 10

= 0.1921 psia <1 psia
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Summary
1! 3422626 houtside i
| Le = 278.6757
; Up = 25
TM calcutated = 0,036
i Ryrequired = 00015
{ Neg Calculated AP '
I Neg Allowable AP E
21, Spesifikasi Reboiler (E-222)
Fungst ‘Untuk menguapkan kembali produk bawah menara
destilast
Type : Kettle reboiler
Dasar pemilihan : pressure drop kecil dan luas perpindahan panas
besar
Dimensi
~ Shell 1D 1o
Baffle space ;57
~ Tube 1D 10,627
oD ST
Jumlah 47
Passes 4
Pitch A
Susunan s triangular
~ Panjang (8 ft

~ Luas perpindahan panas
Bahan konstruksi

Jumlah

- 74
- Carbon steel

- 1 buah
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22. Recycle Pump (L-224)

]

Fungsi : Memompa liquida darn akumulator (F-223) untuk direcycle ke

Destilator (D-210) dan memompa destilat ke R-210
Menghitunp Friksi yang dialami oleh aliran dan titik 1 ke titik 2
my = (331,9004 x 32) + (3,3525 x 18) = 10681.1578 kg/hari = 0.2725 lb/sec
m; = msz + my
m3 = (169,1084 x 32) + (1.7081 x 18) = 5442.2146 kg/hari = 0.1388 Ib/sec
m,y = 52389411 kg/han = 0.1336 Ib/sec
P = Pucthanat ~ 0.78604 giem’ = 49,1099 Ib/ft’

10681,1578.10°

Q = e =14003665.21 cm’/hari
0,78664
= 14,0037 m*/hari = 0.00572 fi*/sec = 2,5675 gpm = 3 gpm
Qi=0Q3+ Q,

Qs = 0.00283 ft'/sec
Qs = 0.00289 fi¥/sec
ID Optimum = 3.9, Q" p
ID Optimum = 3.9, 0,00572"". 49.1099
ID Optimum = 0,6339 inch .

013

0,13
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Maka dipilih pipa % inch sch 80
ID =0.742 in=0.0618 fi
OD=1.050 in
Luas penampang = 0,003 fi’
Kecepatan Aliran :
Kecepatan aliran mula-mula =V, =0
V, = 0,00572 ft*/detik
0,003 fi?

DV.p - 0.0618.1,9067.49,1099
n 0.15.6.72 x 10

= 1,9067 Vs

Nge = = 574089177

Maka aliran turbulen

Dipilih pipa commercial steet (e = 0.00015) (Brown, 1961, hal.141)
Didapat e/D = 0.002

Dari fig 2.10.3 Geankoplis, 1997, hal. 88 didapat f = 0,008

Panjang pipa lurus = 20 ft

Le elbow 90°;ID=0.742" —Le=2buahx 1 Sfi=3 f

gate valve ( Yaopen ) ;ID=0.742" — Le=2buah x 2.5 ft=5 ft
Panjang total =20 +3 +5=28 ft

2 =21t

a. Friksi karena gesekan dalam pipa

(e 2fviL
ge.D

(- 2.0.008.1,9067°.28 ~
32,17.0,0618

0.8191 fi

b. Friksi karena kontraksi dan tangki ke pipa

-

fc= kc'\;, Karena aliran turbulen maka o = 1
Queca
(
f 9?%’997, 0.0448
23217
XF = (0.8639 ft
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Menghitung Friksi yang dialami oleh aliran dan titik 2 ke titik 3

Qs = 0.00283 ft'/sec

ID Optimum = 3,9. 0,00283"* 49,1099 "'

ID Optimum = 0,4615 inch

Maka dipilih pipa 3/8 inch sech 40

ID =0493in=0,0411 ft

0D = 0,675 in

Luas penampang = 0,0013 fi*

Kecepatan Aliran :

Vs = 1.9067 fUs
0.00283 ft '/detik

V= =272077 fis
0.0013ft?
f RS
Nige = DV.p 0041 1.2,2077.49,1099 - 0097 1376
i 0,15.6.72 x 10°

Maka aliran turbulen
Dipilih pipa commercial steet (¢ = 0.00015) (Brown, 1961, hal.141)
Didapat ¢/D = 0.002 .
Dari fig 2.10.3 Geankoplis, 1997, hal. 88 didapat f= 0,01
Panjang pipa lurus = 40 ft
.eclbow 90° ;1) =0493" — Le=2buah x 0.8 It =16 fi
gate valve ( Yaopen ) ; 1D =0493" —le=1buahx 2 ft=2fi
Panjang total =40 + 1.6 + 2 =43.6 1
Z:=40 ft
a. Friksi karena gesekan dalam pipa
2V
ge.D

3 ) 2
L 2001220777436 32144 il

T T32.17.0.0411

b. Friksi karena kontraksi

A
Ke= 0‘75(1 ——i)
Al
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Ke=0,75 I—M =0,425
0,003

Kewv?
2gca

fc=

, Karena aliran turbulen maka o = 1

_ 0,425.2.2077°

=0,0322 ft
2.32,17
c. Friksi karena perluasan (enlargement)

(v3-v2)° _(2,2077-1 9067)*
Z.E.c.a 2321171

Fe = =0,0014

Q.= 0.00289 ft¥/sec

ID Optimum = 3.9. 0.00289"**. 49,1099 *"*
ID Optimum = 0,4659 inch

Maka dipilih pipa 3/8 inch sech 40

ID =0,493in=0,0411 f

OD=10.6751n

[.uas penampang = 00013 ft*
Kecepatan Aliran :

V.= 19067 f/s
0 00789ﬁ"dem§

Vv, =227 2.1923 ft's
0.00131°
Vp 00 923 49,1099

Npe - 2P 004112, 192399.0099 4433 6797
1 ().ES,()JZXIO

Maka aliran turbulen

Dipilih ptpa commercial steel (e = 0.00015) (Brown, 1961, hal.141 )
Didapat €D = 0.002

Dari fig 2.10.3 Geankoplis, 1997, hal. 88 didapat f= 0,01

Panjang pipa lurus = 30 ft '

Le elbow 90°: 1D =0.493" — Le=2buahx 08 ft=16ft
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gate valve ( Yaopen ) ; ID=0493" — Le=1 buahx2 i =2 fi
Panjang total =30+ 1.6 + 2 =33.0 ft

Zy=10ft
a. Frksi karena gesekan dalam pipa
2
£ = 2.fv: L
ge.D
2
fe 2.0,01.2,1923°.33,6 _ 2 4477 R
32,17.0,0411
b. Friksi karena kontraksi
Kc=0,75{1- 4
4]
Kc= 0,75(! _9.00 l;)— 0,425
2z
fc= Kev , Karena aliran turbulen maka o = 1
2.gca
2
fo= 0,425.2,1923° _ 0.0145 ft
2.32,17

¢. Friksi karena perluasan (enlargement)

_ (¥3-v2)' _(2,1923-1,9067)
2gca 232171

LF = 24583 i

N 3 2
p y ¥ Iz ) , v Y P v

m,| -4+ 7, LA L‘}l, +l -+ 7 L ,,,(_AL,),_, -m|t+2Z £ +L)—
Jo) e 2a.gc 'y g Qagc Jei pe 2age

. . e
+m Z A m ZF A m 2R = my = W

5 2 2
0336 B2, (3207 (21923 )} e f 86112 4403217, (22077)
49.1099 3217 2.1.3217

Fe =0.0011

49.1099 3217  2.1.3217

34672 +2 32.17
49.1099  32.17
=0,2725. - Ws

116
-Ws = 243721 ftib,
/b

- 0,2725( + 0) +0,2725.0,8639 +0,1388.3,248 +0,1336.2,4583
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Efisiensi pompa = 50 %

—Ws.m, _24,3721.0,2725
7.550 0.5.550

Maka Hp = =0,24 Hp = 0.3 Hp

22.Spesifikasi Recycle Pump (1.-224) :
Fungsi : Memompa liquida dan akumulator (F-223) untuk direcycle ke

Destifator (D-210) dan memompa destilat ke R-210

Jems : Centrifugal

Dasar pemilihan untuk memompa liq yang tidak viscous
Rate © 3gpm

Power - 0,3 Hp

Bahan . Cast Iron

Jumlah : 1 buah

23. Destilator Pump ( L-225)

- R

Fungsi : memompa methanol dan air dari H-214 menuju destilator D-220
Perkiraan panjang pipa lurus = 25 ft
Jumlah elbow = 3

Jumlah valve = 2 (Gate Valve)
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Densitas campuran = (0,4694 x 0,78664) + ( 0,5306 x 1) = 0,8998 g,r/cm3
= 56,1776 I/ft’
Viskositas campuran = (0,4694 x 0,3) + ( 0,5306 x 1) =0,6714 cps
12,7698 m’*/Mhari
2,3426 gpm = 0,0052 R¥/dtk
1D Optimum = 3 9. Q"% "
ID Optimum = 3.9. 0.0052°*%. 56.1776 "*
ID Optimum = 0.6176 inch
Maka dipilih pipa 2 7 sech 40
ID =0,6221n
OD=0,841n
Luas penampang = 0,.3039 in? = 0,0021 i’

Rate pemompaan ()

Kecepatan Aliran :

Kecepatan aliran mula-mula =V, =0

o
)= 00052 ft /detik _ 2,4639 ft/s
0,0021ft*
. [911%2_‘2‘)2,4639.56,1776
Nye = 2:V-P - ——= 159017451
M 0,6714.6.72x10°

Maka aliran turbulen
Dipilih pipa commercial steel (¢ = 0.00013) (Brown, 1961, hal. 141 )
Didapat ¢/D = 0.002
Dari fig 2.10.3 Geankoplis, 1997, hal. 88 didapat f = 0,009
Panjang pipa lurus = 25 ft
Le elbow 90 : ID =0,622" — Le=3 buah x 2.1 ft =63 fi
gate valve ( Yo open )1 1D =0,622" — Le=2buahx 3 i =6 fi
Panjang total = 25+ 63 +6 =373 1
AZ=151ft, AP =0
a. Friksi karena gesekan dalam pipa

f= 23" 1
gcD
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- 2000924639373
72
32,1 7(0‘6.7-)
12

f=124444 fi

b. Friksi karena kontraksi dari tangki ke pipa

_ Kewv?

2.gca

fc

. Karena aliran turbulen maka ot = 1

Kc =0.75 (Peters and Timmerhaus. 1991 hal 484)

0.75.2.4639°
fo= 073246397 1 ha08 g
23217

¢. Friksi karena perluasan (enlargement)

_ (v1-v2) (2.4639-0)
2.gcax 232171

ZF =2,6092 fi

fe =0,0944 f1

2 >
az £+ A AT vr o ws
ge 2gc  p

2
+ 246397 0426002 - -ws
23217

Jilb,
-Ws = 17,7036 =
Ih

Flowrate = 0.0052 ft'/dtk x 62,4 Ib/ft" = 0,3245 Ib/detik

_ Flowratex Wsx I Hp _ 0.3245x17,7036x 1 Hp
550 ft.ibf/s 550 fi.ibf/s

Hp

Etisiensi motor = 50 % (Peters and Timmerhaus, 1991, hal. 521)

0.01
Hp akwal = ——- = 0,02 Hp = 0.1 Hp
0.5

23.Spesifikasi Destilator Pump (L.-225) :

Fungsi : memompa methanol dan air dart H-214 menuju destilator D-220

Jenis : Centritugal

Dasar pemilihan : untuk memompa liquida yang tidak viscous
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Diameter Pipa : 4 " sech 40

Rate 0 2,5 gpm
Power 0,1 Hp
Bahan . Cast fron
Jumlah . 1 buah
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APPENDIX D
PERHITUNGAN ASPEK EKONOMI

Metode penasiran harga

Harga alat-alat produksi dapat berubah setiap saat, tergantung pada kondisi
ekonomi pada saat itu. Untuk memperkirakan harga alat pada tahun tertentu
digunakan metode index harga, dimana harga alat pada tahun sebelumnya
dikonversi menjadi harga ekuivalen saat in.

indeks harga sekarang <H

Harga saat ini = arga pada tahun A

indeks harga tahun A

1. Perhitugan peralatan pabrik
Dalam perhitungan ini digunakan indeks harga Marshall dan Swilt
Equipment Cost Index dan Chemical Engineering Plant Cost Index. Indeks harga
tersebut adalah:
~ Marshall dan Swift Equipment Cost Index
tahun 1990 904
tahun 2001 1073.5

i

W

~ Chemical Engineering Plant Cost Index
tahun 1982 = 315
tahun 2001 = 3943

Contoh perhitungan harga peralatan

Nama alat : kompresor (G-111)
Harga pada tahun 1990 ; $ 15000
1073.5

Harga pada tahun 2001 x'$ 15000 =S 17812,5000

904

Selanjutnya harga masing masing peralatan dapat ditihat pada table D -1
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2. Perhitungan bahan baku
2.1. Harga bahan baku
~ Gas Alam
larga beli
Kebutuhan

Total

2.2 Harga katalis
I. CuO
Harga beli
Kebutuhan

Total

2.Zn0
Harga beli
Kebutuhan
Total

3 ALOS
Harga beh
Kebutuhan

Total

4, S$10»
Harga beli
Kebutuhan

Total

Rp.350,-/m3

1226,1061 m*/hari
Rp.429150,-/hari

=Rp 141619500,-/taliun

Rp.17700,-/kg

9.5 kg / 3 tahun
Rp.168150.- / 3 tahun
= Rp.56030,- / tahun

Rp.15900.-/kg

3,5 kg /3 tahun
Rp.55650,-/ 3 tahun
=~ Rp.18550.- / tahun

Rp.22500.-/kg

12 kg /3 tahun
Rp.270000.- 7 3 tahun
=~ Rp.9000¢ .- / tahun

Rp.2100.-kg

i kg /3 tahun
Rp.2100.- / 3 tahun
= Rp.700.- / tahun

Total Harga Beli Bahan Baku dan Katalis = Rp.141784800,-/tahun
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2.3. Harga jual produk
~DME
Harga
Produksi
Total

2.4. Hasil samping
~ (Gas sisa reakst
Harga
Produksi

Total

Rp.9000,-/kg
15286,6996 kg/hari
Rp.137583000,-/hari

Rp.150,-/m*
148432282 m*/MNari
Rp.2226500,-/hari

3. Perhitungan Gaji Karyawan

gaji karyawan perbulan = Rp 232000000,-
gaji karyawan pertahun = 12 x Rp 232000000,-
= Rp 2784000000.-

4, Perhitungan llarga Utilitas

4.1 Alum
Harga beli
Kebutuhan

Total

472 Zeolnt
Harga beli
Kebutuhan

Total

Rp 1350.- / kg

23 kg/hari

Rp 31100,-han

=330 x Rp 31100.-

= Rp 10263000,-/tahun.

Rp 2500.- / kg

80 kg / 3 bulan

KRp 200000, / 3 bulan
= Rp 800000, -/tahun

Prarencana Pahrik DAME dari eas alam
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4.3. Fuel Qil

Harga beli : Rp 1200,-/ltr
Kebutuhan 4746.6998 fi’*Mari
Total : Rp 5612000,-Mhari
=330 x Rp 5612000,-
= Rp 1851960000,-/tahun
4.5 Listrik
Biaya beban : Rp 35000,-
Beban ) : 600 kW
Total biaya beban ; =600 x Rp 35000.-

= Rp 21000000.-/bulan

= Rp 252000000,-/tahun
Tanf ; jam 18.00-22.00 = Rp 388.-
jam 22.00-18.00 = Rp 314,-

Listrik terpakai
~ full operation selama 330 hari
Proses 1240 kW
Utilitas 135 kW
Penerangan /282 kW
416 kW
~ off operation sclama 30 har
Penerangan 2 82 KW
Biaya listrik = {[(4x388x410)+(20x314x416)]x330}+{[(4x388x4 1 }+

(20x314x41)]x30}
= Rp 1084810500.-/tahun
Total biaya listrik: = Rp 1336810500,-/tahun

Total Biaya Utilitas = Rp. 3199833500.-/tahun

Drarencana Pahrik DATE dari eas alam
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S.Perhitungan harga tanah dan bangunan
Luas tanah 18000 m*
l.uas bangunan 10186 m’
Harga tanah Rp 30000.- x 18000 = Rp 540000000.-
Harga bangunan Rp 750000.- x 10186 = Rp 7639500000, -
6. Biayva Pengemasan
Berat produk tiap tangki 15 kg
Harga tiap tangki : Rp 300000,-
o) <
Jumlah tangkt 13285.6739 = 1020
15
Total biava : Rp 306000000,-
Tabel D — 1. Harga Peralatan Proses Pabrik DME
Peters and Ulrich
No | Nama Alat | Kode | Jumlah | Timerhaus, | . Total
2000 | 200
| !storagelank | F-110 | 2 1178500.0000 i 357000.0000
> [kompresor | 00| 1 178125000 17812.5000
— s -
3 | kompresor | 2 3 29687.5000 89062.5000
4 lcooler  TE-II3] 2 3369.0190 | 6738.0380
5 'ceaktor | R-120] " 19964.5570 | 19964.5570
6 | heater VR  5615.0316 | 5615.0316
7 | heater C-122 1 . 2745.1266 2745.12066
8 | heater (E-123] 43672468 | 4367.2468
|9 lcooler L1240 1 68628165 | 6862.8165
o | drum ] 62500 4156.2500
oseparator | 125
11 [ storage tank | F-130 | 15 [ 32062.5000 480937.5000
12 treaktor 2 IR2100 1| - 12477.8481 | 12477.8481
| 13 lheater L2110 1 4367.2468 4367.2468
4 Theater  TE2121 1] 37433344 | 37433544
15 1 cooler 2030 1 T 39929114 | 39929114
e e e R E 7z
 drum R 3, 3087 5000 3087.5000
! separator R B -

Prarencanc Pabrik DATE dari eas alam
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17 | storage tank | F-230 15 26125.0000 391875.0000
menara D-
I8 destilasi 220 1 10093'7500J 10093.7500
19 | kondensor | E-221 | | | 1871.6772 | 1871.6772
20 | akumulator | F-223 ] 1781.2500 1781.2500
21 | reboiler E-222 I 3743.3544 3743.3544
recycle
22 pump L-224 t 12477848 1247.7848
destilator
23 L-225 1 7
pump > | 1B 12.5000 712.5000
Total 1189606.0546
Tabel D - 2. Harga Peralatan Utilitas Pabnk DME
T I Peters and Ulricl W |
No Nama Alat Kode Jumlah | Timerhaus, fet, Total
- 2001 2001
1| boiler P-360 ] 23750.0000 | 23750.0000
2 | cooling tower P-340 1 29687.5000 25687.5000
3 | Settling bin H-310 1 712.5000 712.5000
4 | pompa L-311 ] 1871.6772 1871.6772
5 | clarfier H-320 | 14973 4177 | 149734177
6 | waterstorage | F-321 1 712.5000 712.5000
7 | sand filter H-330 2 1247.7848 2495.5696
8 | pompa L-331 1 1247.7848 1247.7848
|
g | filtered water R332 | 1| 6531250 653.1250
storage
10 | pompa 1.-333 | 712.5000 712.5000
1 [pompa | LAl | | 12973418 | 14973418
| 17 | cold water F-342 ! 712.5000 712.5000
storage
13 | pompa 1.-343 1 2183.6234 2183.6234
14 | demineral tank R-350 2 890.6250 1781.2500
15 | Pompa L-351 l 712.5000 712.5000
16 | fuel o1l storage F-361 | 17812.5000 17812.5000
_17 | Pompa L.-362 1 7125000 | 712.5000
Total 88001.5743
L .
Tabel D — 3. Gaji karyawan Pabrik DML
No jabatan | jumlah | Gaji, Rp Total, Rp
1 direktur utama I 10000000 10000000
L2 wakil direktur utama | | 8500000 8500000
| 3 | sekretaris b 3000000 3000000
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4 | Staffahli 5 | 6000000 30000000
manager produksi dan
5 tchnik | 7000000 7000000
6 kabag prod | 4000000 4000000
7 kabid proses I 2500000 2500000
8 _|karyawanproses 48 | 750000 i 36000000
9  I'kabid lab [ 2500000 | 2500000
10 | Karyawan lab 8 750000 6000000
11 | kabid utilitas I 2500000 2500000
12 | karyawan utilitas 22 750000 16500000
13 ] kabag tehnik I 4000000 4000000
kabid maintenance dan
14 | perbaikan ' I 2500000 2500000
karyawarn maintenance
- 15 | dan perbaikan 10 750000 7500000
16 | kabid gudang 1 2500000 2500000
17 | karyawan gudang 6 750000 4500000
18 | kabid spare part 1 2500000 2500000
19 | karyawan spare part 3 750000 3750000
manager administrasi
20 | dan umum 1 7000000 7000000
21 | kabag administrasi I 4000000 4000000
22 | kabid keuangan I 2500000 2500000
23 | karyawan keuangan 3 750000 2250000
24 | kabid pembukuan 1 2500000 2500000
__25 | karyawanpembukuan j 3 | 750000 | 2250000
26| kabag pemasaran i 4000000 4000000
27 | kabid pembelian ] 2500000 2500000
28 | karyawan pembelian 5 750000 3750000
29 | kabid penjualan | 2500000 2500000
30 | karyawan penjualan 10 750000 7500000
31 | kabagumum L 4000000 | 4000000
32 | kabid personaha ] 2500000 2500000
33 | karyawan personalia 5 750000 3750000
34 | kabid keamanan I 2500000 2500000
35 | karyawan keamanan 12 750000 9000000
36 | kabid humas 1 2500000 2500000
37 |karyawanhumas | 5 750000 | 3750000
38 | pckerja harian 10 750000 7500000
Total 180 232000000
PERPU - oAl
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