Korean Chem. Eng. Res., 58(4), 581-587 (2020)
https://doi.org/10.9713/kcer.2020.58.4.581
PISSN 0304-128X, EISSN 2233-9558

OFME T2{3t AFR 2,3-Butanediol EH4HFS A|AE] A7
_g_LHg*,**,"F

#SAT)EhaL ARSI QPAAI ] FEky
17579 7% HIA U= 327
et seh ek
61186 53211 B B 77
e, 20209 69 28Y T A, 2020 7€ 2 A

(2020 3€ 24 A,

Design of Commercial 2,3-Butanediol Dehydration Reaction System Considering Safety

Daesung Song***

*School of Social Safety System Engineering, Hankyong National University,
327 Jungang-ro, Anseong-si, Gyeonggi-do, 17579, Korea
**School of Chemical Engineering, Chonnam National University,
77 Yongbong-ro, Buk-gu, Gwangju, 61186, Korea
(Received 24 March 2020; Received in revised from 28 June 2020; Accepted 2 July 2020)

e o

£ Aol A= 7]E2] 2,3-Butanediol (2,3-BDO) B RESAIAES] EA1A-S a1 437 913l 22 BES A|AE0]
At e}, th71gt 24 oA 2,3-BDO HHE-S BRS-2 5 360 °C 714 22]7] YaliA, Ag-F ol duta o s AR
e 84EE AR HW 9hg AlElo] Ads] AEd = Githe Alo] ERlE itk 121 2,3-BDO & IHE
yHEE B4 otk 27 3% FH QF B, Fla) 42 b FA| H ojue} §Eg- AIARIS] fA]HA2)
ofgf EARE doZ 4 Stk Telst HAE ] gt WS 3RS oAl 7 stell] gAas
AMEEhE Qs |E AMEEIA WESES] 258 W Wk 255 WS Aotk e SEES AREod, WEE7]9]

“deo] AT B vk 25, 330 °CollM] FAl thEA] itk A Bl o] Aaks o AR Wk AJAEe] A
A=A ARt

Abstract — In this study, a new reaction system is proposed to solve the problems of the existing 2,3-Butanediol (2,3-
BDO) dehydration reaction system. It was confirmed that the reaction system did not wok as it should operate properly
when using a furnace, which is commonly used in commercial processes, to raise the reactant, 2,3-BDO, to the reaction
temperature, 360 °C, at near atmoshperic pressure. It is because of the substance considered to be oligomers of 2,3-BDO.
It can lead to safety problems, such as blockages inside the furnace’s tube and explosions, as well as tricky maintenance issues
in the reaction system. To solve it, the temperature of reactant can be brought down by using a heat exchanger with High
Pressure (HP) steam instead of the furnace, which has a hot spot problem through the vacuum operation and reduce the
reaction temperature. It can be seen that the reactor performance is almost similar under the vacuum operation and the lower
reaction temperature, 330 °C, by using a reaction kinetics. This result explains why the new reaction system is proposed.
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Fig. 1. The existing reactor system process flow diagram [7].
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Table 1. Kinetic parameters of the power law model [4]
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Model Parameter Value
E, 2336405
E, 2.82E+05
E 1.93E+05
E, 1.66E+05
K 745E-04
Ko 4.41E-04
K 6.44E-04
K 1.27E-04
nl, n3, n4 0.0187
n 0.146
C,H,,0,> C,H,0+H,0 3)
(2,3-BDO) (MEK)
C,H,,0,"5 C,H,0+H,0 &)
(2,3-BDO) (2MPL)
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Fig. 2. Effects of reactor pressure on 2,3-BDO Conversion and selectivity of the major products at 330 °C.

Korean Chem. Eng. Res., Vol. 58, No. 4, November, 2020



584

1,3-BD & MEK yield [%)]

2,3-BDO Conversion & Selectivity [%]

——BD Yield —e—MEK Yield

33
32.5 -
32 A
31.5 -
31 A
30.5
30 T T T T T T T T T 1
0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
Pressure [atm]
Fig. 3. Effects of reactor pressure on yield of 1,3-BD and MEK at 330 °C.
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Fig. 4. Effects of reactor pressure on 2,3-BDO Conversion and selectivity of the major products at 320 °C.

Korean Chem. Eng. Res., Vol. 58, No. 4, November, 2020



S 11893 AR 2,3-Butanediol EFER- A A A 585

——BD Yield —e—MEK Yield

24 -
22 4

9

= 20 -

@

=

4

s

3 18 -

a

=]

!

—
16 -
14 -
12 t T T T \

0.5 0.55 0.6 0.65

Fig. 5. Effects of reactor pressure on yield of 1,3-BD and MEK at 320 °C.

o} uE oF 1.3%7} Zo]Ett

N
iz fo
)
olo
i

of

P

0.7

0.75 0.8 0.85 0.9 0.95 1

Pressure [atm]

1824] WES A7 00l P SRV Sl
$ &) Wsbh A9l 7] Wi $19h g Aot ol

Z Aot} 2 g2 RIS ekl w2 wker] 4
]

ofr
_‘O_’,
N
5
82
¥
P
o

o

2k 5= 9l

(R100)

P100
Fig. 6. The new reactor system process flow diagram.

Reactor

32 M22 HES AILH
91¢] Az RE Wk o mhE wkE719) A satol7t 24 oF
th= A3 349 AR A B okl A
& QHL AIE o2 5 9l 71 WhS- A
afo] A28 Hhg- A|AELS Fig. 60 Albslaltt.
BD

28 Purification
Unit

201

(V100)
©

3-Phase
Separator Vacuum
m (V101) Pump
P100
Y e
H103
MEK
@_’ Purification
Unit
Quencher H102

P101

Korean Chem. Eng. Res., Vol. 58, No. 4, November, 2020



586

A} 28 A AELL Vacuum Pump (VP100)E ©]
Quencher7H4] %4275 53] Hot Spot 4|5 7}4] 1L Q)
HESA| 281 €] FurnaceE AHE-3HA] 1 A ®(Steam)ys A

W3 E o] &3l W ES] 255 S8 18 AH O T
7Fed —8— %= 330 °Coll HEg-= e ®M 2,3-BDOS] &2

33. 71 U MES 9IS AIA-O| Hlm
T A9 WS 918 71 £

93\5"' O]% 5'34{5]_ 7].%49_ O]—EH“P,]— 7E]'Tq—

l=a
<)
o L
®
[O%}

A=A A

Wk Ake nkgskar Alawe) =4 Bl ofuA] ¥

8712 o2 9] Rhs &S o] 83t
W-87) 3] B4k e Widhe 9l
A Q& 7)s= 7P e LS Hked sl

Tal oA %= Scheme®]] T3k &4 1 ofju]#] WA S
Q’Q_% Zl: 9\11:]' %%7]91 ol %L:_7]- 36()01]}\1 330 °CE2 5%0]_;(]%

&3l "

Flr olo

o

%

OO

2 x4

Elaieas= | Bk

Table 2. Stream Information on the existing reactor system

712+
7

Ir

}ﬂ

1o

]_

s@om

= 314904 303%E Holxit},
AHF HEE A|AELS @

2-0] ZYHlLgo|

YA e o

o

16‘ T Atk webA] W] A Al 9k
a17] 915k Alo] A48 AA7L 5 D o) w}aw WS EXJS 1)
Jet vkg7] el S Aska w7l A
Ao Al2]) AAZF E Qs BEd 7
Quencher FEHoll A doJX]=

7}~

] 1,3-BD2] AEIE7} 3239014 32.2%% ol 1L MEKS] AE8i%
217} ol EA Aol ki
PR 0 7 A3 4= QITR= Aot}

A o 1 A
L=

=

< HUE

QYA

F

ol Ao o7 Qs

W Stream(2032 204)2] -

ZF gl 2/d o] Wslel] i kol tigh Scheme Study”} 712

F83to] Quenchers 3 374 WA

3 A7k Bttt

ql—_o_ 1\]/\1;119,] _‘%@ %LQ_% d e ]'EE Tl_xlgHo]: 61—0; O]E o)
fFAR] gl -2 nlel tigk 11e 7} 2 2 81}, Furnaces thalste] 7+
HE oM AHE AR Wl

571 & Quencher’} 2o 2 107 Qg 7]&e

o} g, Wk

F—.~'

d

Aule] 742 wlart B 2t

Units FEED 101 R-IN R-OUT 102 201 202 203 204
Mass Flows kg/hr 12500 12500 12500 12500 12500 5197 7303 4452 8048
Mass Fractions
1-BUTENE 0.000  0.000  0.000 0.003 0.003 0.007 84.3197 PPM 0.008 212.585 PPM
1,3-BD 0.000  0.000  0.000 0.324 0.324 0.760 0.014 0.847 0.035
2-BUTENE 0.000  0.000  0.000 0.003 0.003 0.007 102.86 PPM 0.008 254.241 PPM
Acetaldehyde 0.000 0.000 0.000 300.487 PPM 300.487 PPM 484994 PPM 169.165PPM 507.508 PPM  185.983 PPM
2MPL 0.000  0.000  0.000 0.049 0.049 0.033 0.060 0.022 0.064
MEK 0.000  0.000  0.000 0314 0314 0.168 0418 0.098 0.434
H20 0.000  0.000  0.000 0.294 0.294 0.025 0.486 0.017 0.448
3B20L 0.000  0.000 0.000  95.347 PPB 95.347PPB  12.6066 PPB  154.237PPB  3.33811 PPB  146.237 PPB
ACETOIN 0.000 0.000 0.000 270.438 PPM 270438 PPM 5.68145PPM 458.876 PPM 516.215PPB  419.733 PPM
2,3-BDO 1.000  1.000  1.000 0.000 0.000 0.000 0.000 0.000 0.000
HEAVIES 0.000  0.000  0.000 0.012 0.012 1.56475 PPM 0.021 trace 0.019
Pressure atm 1.0 2.9 2.5 24 1.9 1.8 44 1.5 44
Temperature C 250 196.1  360.0 360.0 180.0 51.9 79.6 404 76.9
Mass Enthalpy  kl/kg -6060 -5669  -4704 -3842 -4232 581 -9346 1114 -8786
Table 3. Stream Information on the new reactor system
Units F-FEED 101 R-IN R-OUT 102 201 202 203 204
Mass Flows kg/hr - 12500 12500 12500 12500 12500 10426 2074 9644 2856
Mass Fractions
1-BUTENE 0.000  0.000  0.000 0.003 0.003 0.004 1.70198 PPM 0.004 1.58621 PPM
1,3-BD 0.000  0.000  0.000 0.322 0.322 0.386 199.747 PPM 0418 204.37 PPM
2-BUTENE 0.000  0.000  0.000 0.003 0.003 0.004 2.11263 PPM 0.004 2.03016 PPM
Acetaldehyde 0.000  0.000 0.000 300.487 PPM  300.487 PPM 358492 PPM 8.86163 PPM 385.924 PPM 12.0455 PPM
2MPL 0.000  0.000 0.000 0.052 0.052 0.062 0.003 0.067 0.003
MEK 0.000  0.000  0.000 0.303 0.303 0.359 0.022 0.385 0.029
H20 0.000  0.000 0.000 0.304 0.304 0.184 0.906 0.122 0915
3B20L 0.000  0.000 0.000 108.193PPB  108.193PPB  105.085PPB  123.823PPB  110.025PPB  102.01 PPB
ACETOIN 0.000  0.000 0.000 270.439 PPM 270.439 PPM 78.5913 PPM 0.001 35.7022 PPM 0.001
2,3-BDO 1.000  1.000  1.000 0.000 0.000 0.000 0.000 0.000 0.000
HEAVIES 0.000  0.000  0.000 0.012 0.012 0.001 0.067 264.559 PPM 0.052
Pressure atm 1.0 3.1 0.7 0.6 0.5 0.3 44 0.2 44
Temperature C 250 1685 330.0 330.0 180.0 51.6 60.0 38.0 539
Mass Enthalpy  klJkg -6060 -5739  -4773 -4009 -4329 -3024 -14464 -2257 -14627
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