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Introduction
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O Experimental Data 1
® Experimental Data 2
Calculated equilibrium

IPA / Water System

x=r oA 2ES o _
= 1} © OFOo
(iso-proply alcohol, IPA) s ' “’:QZ’H"I 'Eﬁ:ﬂ
Z A2 - Water= TE&A0 B
\ oomoie(88wt%) =X 0 A

DHIA™A 2 HAMSHLICH
o~iI'o= ool i

68 Mole %

101.325 kPa

extractive distillation : High
process purity IPA
Reference :
Experimental data 1 : Wilson, A., and E. L. Simons. Ind. Eng. Chem., vol 44 pp. 2214-
2219, 1952

Experimental data 1 : Davalloo P., Iran. J. Sci. Technol., 1,279(1971).



Feedstock Conditions

Temperature (°C) 50
Pressure (kPa) 250.00
Vapor Mole Fraction 0.00
Total Molar Rate (kmol/hr) 99.83
Total Mass Rate (kg/hr) 3,000.00
kg/hr wt%
IPA 1,716.00 57.2
WATER 1,284.00 42.8




Product Specifications & Utility Conditions

Product Specifications Value

IPA Purity > 99.70 wt%

IPA Yield > 99%
Solvent Content in IPA Product < lppm by weight
IPA Content in Waste Water < 500 ppm by weight
Utility Conditions Vaiue

MP Steam 180 °C Saturated
Cooling water supply & return temperature 32°C140°C




Proper Thermodynamic Model Selection

~  The selection of proper thermodynamic model is very important to the design
of highly non-ideal system.
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NRTL Binary Interaction Parameters

| J % b i a Units
ai b Cji
IPA H;0 0.753 -267.132 0 0.3111 K
1.059 461.719 0
IPA DMSO 0.000 697.088 0 0.3000 K
0.000 -305.335 0
IPA EG 0.000 -751.991 0 0.0467 K
0.000 1158.580 0
H,0 DMSO 0.000 1203.770 0 0.6615 K
0.000 -524.821 0
H,0 EG 0.000 1888.750 0 0.0773 K
0.000 -1445.470 0
DMSO EG 0.000 429.425 0 0.3024 K
0.000 -635.761 0




Experimental VLE for IPA-H,O and NRTL Plot

» Experimental data at 1 atm for IPA-water binary system and its prediction with

NRTL model
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Experimental VLE for H,O0-DMSO and NRTL Plot

» Experimental data at 0.46 atm for Water-DMSO binary system and its prediction
with NRTL model
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Experimental VLE for H,O0-EG and NRTL Plot

» Experimental data at 0.13 atm for Water-EG binary system and its prediction
with NRTL model
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Experimental VLE for IPA-DMSO and NRTL Plot

» Experimental data at 0.065 atm for IPA-DMSO binary system and its prediction
with NRTL model
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Experimental VLE for IPA-EG and NRTL Plot

» Experimental data at 1 atm for IPA-EG binary system and its prediction with
NRTL model
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IPA Dehydration Using Two-Column Configuration

i #1
2 5
¢ * Pure IPA » Waste Water

99.70 wt%
#7 Solvent @
E202
1 s T02 i T03
Extractive Distillation —@—' Solvent Recovery
Column E201 Column

#25 5 o 8

P201 p202
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IPA Dehydration Using Two-Column Configuration

» Flow sheet drawing for a two-column configuration using PRO/II with
PROVISION version 9.1




Two-column Stream Summary (EG)

Stream Number 1 2 6 8
LG b IR Az (IPI\OIEr;I)-gﬁct) (Wz;rs(,)tz -IV-\(?gter) T?S?’ollav%t:t))m
Temperature (°C) 20.00 45.00 55.22 150.06
Pressure (kPa) 250.00 103.00 16.00 250.00
Vapor Mole Fraction 0.00 0.00 0.00 0.00
Total Molar Rate kmol/hr 99.83 28.83 71.00 108.99
Total Mass Rate kg/hr 3,000.00 1,720.24 1,279.76 6,763.11
Comp. Flow Rate (kg/hr) kg/hr kg/hr kg/hr kg/hr
IPA 1,716.00 1,716.00 0.40 0.00
WATER 1,284.00 5.16 1,278.84 0.68
EG 0.00 0.00 0.00 6,762.44
Comp. Composition (wt%) wt% wt% wt% wt%
IPA 57.20 99.70 0.03 0.00
WATER 42.80 0.30 99.97 0.01
EG 0.00 0.00 0.00 99.99
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Two-column Stream Summary (DMSO)

Stream Number 1 2 6 8
LG b IR Az (IPLOIEr;I)-gﬂct) (Wz;rs?tg -IV-\(?gter) T?S?’ollav%t:t))m
Temperature (°C) 20.00 45.00 55.25 150.06
Pressure (kPa) 250.00 103.00 16.00 250.00
Vapor Mole Fraction 0.00 0.00 0.00 0.00
Total Molar Rate kmol/hr 99.83 28.83 71.00 56.29
Total Mass Rate kg/hr 3,000.00 1,720.51 1,279.49 4,396.59
Comp. Flow Rate (kg/hr) kg/hr kg/hr kg/hr kg/hr
IPA 1,716.00 1,715.35 0.65 0.00
WATER 1,284.00 5.16 1,278.84 0.44
DMSO 0.00 0.00 0.00 4,396.15
Comp. Composition (wt%) wt% wt% wt% wt%
IPA 57.20 99.70 0.05 0.00
WATER 42.80 0.30 99.95 0.01
DMSO 0.00 0.00 0.00 99.99
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Comparison of Two-column Configurations

ltems Two-columns(EG) Two-columns(DMSO)
Condenser duty of TO2 0.9656x10° kcal/hr 0.9654x10° kcal/hr
Condenser duty of TO3 2.1573x10° kcal/hr 2.1850x108 kcal/hr
Total 3.1229x10°% kcal/hr|  3.1504x10° kcal/hr

Reboiler duty of TO2

1.5648x10° kcal/hr

1.3303x106° kcal/hr

Reboiler duty of TO3

2.0538x10° kcal/hr

2.0851x1068 kcal/hr

Total 3.6186x10° kcal/nr|  3.4154x106 kcal/hr
Solvent circulation rate 6,766 kg/hr 4,396 kg/hr
Cooling water consumption 390 ton/hr 394 ton/hr
Steam consumption 7,518 kg/hr 7,096 kg/hr
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IPA Dehydration Using Three-Column Configuration

a2
Solvent
#1 #1 #1
6 9
» Pure IPA ———— yWaste Water
99.70 wt%
__ || #7
2 #12 S #14 #12
| —| —H
TO01 T02 T03
— | Concentrator — | Extractive Distillation —— Solvent Recovery
Column Column
)
#25 #25 #25
3 7
———+ Waste Water _{ 3 j ﬂ Q_@_
Y E101
< 500ppm IPA N\ P101 / el
Bottom Temperature < 160°C
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IPA Dehydration Using Three-Column Configuration

» Flow sheet drawing for a three-column configuration using PRO/II with
PROVISION version 9.1
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Reboiler heat duty of Concentrator, Extractive Distillation

Column and Stripper vs. IPA wt% of concentrator top

> =7 AEAMO| IPASE (Wt%)0| 2 =X7|9f £ZEF 12|71 20 XYAMEHO| XjH| 7|
heat duty Bi5|2FS LIELH ZADTQIL|CH

1.4
Concentrator
—..—..—.. Extraction Distillation Column
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c 12t
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. 2 o8}
Feed » XD 0
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Concentrator :E o

2
g F~~——a—_
@ 04 00000 T =——
S o
Waste water 0.2 ' ' ' '
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B, Xu Mass % of IPA at Concentrator Top
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Reboiler heat duty of Cocentrator, extractive distillation

Column and Stripper vs. IPA mass% of concentrator top
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Reboiler Heat Duty (x 108 kcal/hr)
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Total Reboiler heat duty in extractive distillation process vs.
IPA wt% of concentrator top

DMSO2| ZS ££7| AH0|Mo| IPARE EGO| A= £27| AR0M2| IPARE
(Wt%) 7} 84. 4wt% o, & Al 7| heat (Wt%) 7} 84. 5wt%E' I, = x{H|7| heat
duty Z}0| 7} & "*° 7"% 2t += ASLICE duty Z}0] 7’ &2 A2 & = ASLICL
2.50 . . . - . 2.60
o Using DMSO £ Using EG
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g Y
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[ ] [ ]
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= e e o el oA
O = = G
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o : o I
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Three-column Stream Summary(EG)

Stream Number 2 5 6 9 10
PTG NETE UL [rese VL Tepp (IPLOIEr;I)-gﬁct) (W;saz -\Il-\(?gter) T?so?/?at;ct))m
Temperature (°C) 66.22 45.00 45.00 45.00 160.00
Pressure (kPa) 250.00 105.00 103.00 25.62 29.62
Vapor Mole Fraction 0.00 0.00 0.00 0.00 0.00
Total Molar Rate kmol/hr 99.83 46.01 28.83 17.18 64.74
Total Mass Rate kg/hr 3,000.00 2,030.20 1,720.52 309.67 4,017.43
Comp. Flow Rate (kg/hr) kg/hr kg/hr kg/hr kg/hr kg/hr
IPA 1,716.00 1,715.52 1,715.36 0.15 0.00
WATER 1,284.00 314.68 5.16 309.52 0.40
EG 0.00 0.00 0.00 0.00 4,017.03
Comp. Composition (wt%) wt% wt% wt% wt% wt%
IPA 57.20 84.50 99.70 0.05 0.00
WATER 42.80 15.50 0.30 99.95 0.01
EG 0.00 0.00 0.00 0.00 99.99
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Three-column Stream Summary(DMSO)

IStream Number

2 5 6 9 10
SrEEr Neime 0 s I0L T (IPZOIErISEct) (W;-s(i wgter) Tgs:goll?:/oet:lct))m
Temperature (°C) 66.20 45.00 45.00 45.00 160.04
Pressure (kPa) 250.00 105.00 103.00 27.01 43.01
Vapor Mole Fraction 0.00 0.00 0.00 0.00 0.00
Total Molar Rate kmol/hr 99.83 46.15 28.83 17.32 38.44
Total Mass Rate kg/hr 3,000.00 2,032.60 1,720.52 312.08 3,002.46
Comp. Flow Rate (kg/hr) kg/hr kg/hr kg/hr kg/hr kg/hr
IPA 1,716.00 1,715.52 1,715.36 0.16 0.00
WATER 1,284.00 317.09 5.16 311.92 0.30
DMSO 0.00 0.00 0.00 0.00 3,002.16
Comp. Composition (wt%) wt% wt% wt% wt% wt%
IPA 57.20 84.40 99.70 0.05 0.00
WATER 42.80 15.60 0.30 99.95 0.01
DMSO 0.00 0.00 0.00 0.00 99.99
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Comparison of Three-column Configurations

ltems Three-columns(EG) Three-columns(DMSO)
Condenser duty at TO1 0.6446x10° kcal/hr 0.6410x108 kcal/hr
Condenser duty of TO2 0.9655x10° kcal/hr 0.9655x10° kcal/hr
Condenser duty of TO3 0.5735x10° kcal/hr 0.5466x106 kcal/hr
Total 2.1476x10° kcal/hr|  2.1522x106 kcal/hr

Reboiler duty of TO1

0.6537x10° kcal/hr

0.6492x106 kcal/hr

Reboiler duty of T02

1.3093x10° kcal/hr

1.1671x1068 kcal/hr

Reboiler duty of TO3

0.5019x10° kcal/hr

0.5147x1068 kcal/hr

Total 2.4649x10° kcal/nr|  2.3310x106 kcal/hr
Solvent circulation rate 4,017 kg/hr 3,002 kg/hr
Cooling water consumption 268 ton/hr 269 ton/hr
Steam consumption 5,120kg/hr 4,843 kg/hr
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2] IO IPA 99.7wit% FNIE 5 L2st F=L0[2| 22t 53
OIE Aot L 4,396 kg/hr 20 EG % 0jE Agot 8% 6,76
DMSQO®9 H|3[| 53.8%F T & ALK E HOE HMI R

37| O IPA 99.7wt% TN E |5|| most Z=20[C| &% §F2 DMSO &
jE A8 FF 3,002 kg/hr RO EG = 8
DMSO®9] H|3]| 33.8%FE O ALK E=E Ho 2

277] Hi2olN DMSO S0HE A8t Lt EGE AE8t H29 B8l AfH| 1| Heat
Duty 1t 5.6% = & MY A5 &= HOE HMEAL.

37| o DMSO LOIE ALt 1t EGE M@0t 29 HIgl AH|] Heat
Duty Tt 4.9%F T O MY A% = HOE HME UL

37 O DMSO F& 539 8¢ IPA ¢E1t 84.4 wt%¥ M AH|7| Heat
Duty'— 2.312 X108 kcal/hr2 ZAt HRACH, EG2 F¢& IPA &£k} 84.5
wt% 2 B AjH| 7| Heat Duty 1} 2.432 %108 kcal/hr2 HASE S & & ARG,
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