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Composite Salting-out Agent for the Salting-out of
Ethanol, Acetone and n-butanol in the Crude Alcohol
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Abstract: This paper introduces the salting-out technology of ethanol, acetone and n-butanol in the crude alcohol after the
bio-butanol fermentation liquid is processed by the mash tower. Aiming at the problems of low total solvent concentration,
difficult recovery and high energy consumption for the bio-butanol fermentation broth separation, this paper studied the effects of
unsaturated composite salts, salting-out temperature, and the volume ratio of salting-out agent to crude alcohol on the water
removal of bio-butanol system. According to the index of water content in the organic phase, the most beneficial salting-out agent
for water removal was selected from various composite salts. A salting-out extractant composed of water and composite salts was
developed. The results showed that the extraction effect of unsaturated salt was not good for n-butanol-acetone-ethanol-water
system. The n-butanol-acetone-ethanol-water system is extracted with a composite salt and water extractant, which can increase
the mass fraction of n-butanol, acetone and ethanol, and achieve the purpose of separating and concentrating n-butanol, acetone
and ethanol. After the primary countercurrent extraction, the mass fraction of n-butanol in the organic phase increased from 26%
to over 64%, the mass fraction of acetone increased from 10% to over 21%, and the mass fraction of ethanol increased from 4% to
over 9%. The composite salting-out agent can achieve the purpose of efficient water removal.
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Table 2 Screening of the composite salting-out agent

= HHLH (/%)
i K oE i ETE
Ag AL +4g TREREN 13.54 8.04 20.08 58.35
Ag TRTRFH+4g S ALEN 12.14 7.82 20.42 59.62
Ag BRFR BT +4g BREREN 13.97 8.26 21.62 56.15
69 JVHEER AN +4g TREREN 12.50 7.61 19.22 60.67
69 FALEI+4g BRI 11.57 8.06 21.43 58.94
129 i iR +4g AL 12.96 7.89 21.25 57.89
18g FRIREN+4g FREREN 4.41 9.47 23.96 62.15
o R T 2+ R R i T 4.65 9.63 23.26 62.46
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Table 3 Effect of composite salts concentration on separation efficiency

FHLH (/%)
h T (0T

R X AT B T
20* 4.64 9.48 23.39 62.49
30* 3.82 9.62 23.60 62.96

TRIREIEER AN 2 & £ | 40* 3.15 9.71 22.74 64.41
50%* 2.89 9.70 22.86 64.55
60* 2.53 9.78 22.87 64.82
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Figure 1 Relationship between the area and the concentration of
potassium phosphate
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Figure 2 Relationship between the adsorbance and the concentration
of potassium carbonate at 404.51 nm
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Figure 3 Relationship between the adsorbance and the concentration
of potassium carbonate at 776.50 nm

0.40

Equation 'y =a+bx
Adj R-Sq | 0.9998

Value Standard
030 [p Interce | -0.004  8.449E-4
D Slope | 0971 00052

035 -

025 |-

0.20 |-

Abs

0.15 -

0.10 -

0.05 -

0.00 -

-0.05 1 1 1 1 1 1 1 1
-005 000 005 010 015 020 025 030 035 040

The concentration of potassium phosphate (g/L)

Kl 4 7F 404.51 nm AbTEBREF IR B AR P 2 [T 1) 50 &R

Figure 4 Relationship between the adsorbance and the concentration
of tripotassium phosphate at 404.51 nm
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Figure 5 Relationship between the adsorbance and the concentration
of tripotassium phosphate at 776.50 nm
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Table 5 Effect of extraction ratio on the separation efficiency

K ZEE HHUAE (/%)

(VIV) 7K 7. Wil ETEE

0.5/1 9.82 8.78 21.88 59.52
TR 1/1 7.17 9.10 22.06 61.66
A 1.5/1 6.52 9.14 21.88 62.47
Tk 2/1 5.87 9.25 21.55 63.33
& 2.5/1 5.35 9.24 21.04 64.37
#h 31 5.00 9.27 20.85 64.88

3.5/1 4.71 9.43 20.92 64.95

it 5 A B R0 AT ML P 7K 23 5 B 9.82%
B 21 4.70%, = AR LE REAE /K ) 25 B 21 A [22-24]
AN, B AR, TRER i A
ZRK, REMBAE; RN mA R, AR




b 2Bl 5 T 2023, 2(1): 8-14 13

HCEEH R, K& BRI ES, vk, AR
N 311, DME T TAERH o X B A HLAH K I & 24 5.0%,
WA T TR 5

4 2R

ANVRLRD B 56 1E T B - P - £ BE- /K AR R AR BUSUR A
. PEEREMTHE, WSS AL ABE ()&
RORE, AU K ) B AN B, STk 2 2.52%.
MEEE K. KEGEDGHRRE T B -5 - LB -
KRR, BERIETEE. BRI CBEM R E 05, &
By BEEWRIE T . NEA B H K. —Zalim
WS AN IE T B =0 200 H 26%F2 = 2] 64% LA
b, HERE R 10% Tt E R 21%0L 1, AR E
S8 4% T E) 9% L b, R L N 3/, A HIAH
K 8N 5.0%. HA SRS & i Eigm
JR IR AT E &

[1] XIE S, YI C, QIU X. Salting-out effect of potassium
pyrophosphate (K4P207) on the separation of biobutanol
from an aqueous solution [J/OL]. Journal of Chemical
Technology and Biotechnology, 2016, 91(6): 1860-1867.
https://doi.org/10.1002/jctb.4779.

[2] DURRE P. Biobutanol: An attractive
biofuel[M/OL]//Biotechnology Journal. 2007: 1525-1534.
https://doi.org/10.1002/biot.200700168.

[3] XIE S, LI Z, ZHANG W. Techno-Economic Analysis of
Upgrading Corn Stover-Based Acetone, n-Butanol, and
Ethanol to Higher Ketones and Alcohols: Fuels or Fine
Chemicals? [J/OL]. ACS Sustainable Chemistry and
Engineering, 2023, 11(8): 3474-3485 [2023-06-12].
https://pubs.acs.org/doi/abs/10.1021/acssuschemeng.2¢07103.

[4] GARCR V, PAKKILA J, OJAMO H, etc. Challenges in

biobutanol production: How to improve  the
efficiency?[M/OL]//Renewable and Sustainable Energy
Reviews. 2011: 964-980.

https://doi.org/10.1016/j.rser.2010.11.008.

[5] LIN X, WU J, JIN X, etc. Selective separation of biobutanol
from acetone-butanol-ethanol fermentation broth by means of
sorption methodology based on a novel macroporous resin
[J/OL]. Biotechnology Progress, 2012.
https://doi.org/10.1002/btpr.1553.

[6] SHIN C, CHELSEA CHEN X, PRAUSNITZ J M, etc. Effect

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

of block copolymer morphology controlled by casting-solvent
quality on pervaporation of butanol/water mixtures [J/OL].
Journal of Membrane Science, 2017, 523: 588-595.
https://doi.org/10.1016/j.memsci.2016.09.054.

QURESHI N, BLASCHEK H P. Recovery of butanol from
fermentation broth by gas stripping [J/OL]. Renewable
Energy, 2001, 22(4): 557-564.
https://doi.org/10.1016/S0960-1481(00)00108-7.

XIE S, SONG W, Y1 C, etc. Salting-out extraction systems of
ethanol and water induced by high-solubility inorganic
electrolytes [J/OL]. Journal of Industrial and Engineering
Chemistry, 2017, 56: 145-150.
https://doi.org/10.1016/j.jiec.2017.07.006.

XIE S, SONG W, FU C, etc. Separation of acetone: From a
water miscible system to an efficient aqueous two-phase
system[J/OL]. Separation and Purification Technology, 2018,
192(September 2017): 55-61.
http://linkinghub.elsevier.com/retrieve/pii/S138358661732594
7.

FU C, LI Z, SONG W, etc. A new process for separating
biofuel based on the salt + 1-butanol + water system [J/OL].
Fuel, 2020, 278: 118402.
https://www.sciencedirect.com/science/article/pii/S001623612
0313983?via%3Dihub.

FU C, LI Z, SUN Z, etc. A review of salting-out effect and
sugaring-out effect: Driving forces for novel liquid-liquid
extraction of biofuels and biochemicals [J/OL]. Frontiers of
Chemical Science and Engineering, 2020, 15: 854-871.
https://doi.org/10.1007/s11705-020-1980-3.

FU C, LI Z, ZHANG Y, etc. Assessment of extraction options
for a next-generation biofuel: Recovery of bio-isobutanol
from aqueous solutions[J/OL]. Engineering in Life Sciences,
2021, 21(10): 653-665 [2022-01-10].
https://onlinelibrary.wiley.com/doi/full/10.1002/elsc.2020000
90.

XIE S, ZHANG Y, ZHOU Y, etc. Salting-out of bio-based
2,3-butanediol from aqueous solutions [J/OL]. Journal of
Chemical Technology and Biotechnology, 2017, 92(1):
122-132. https://doi.org/10.1002/jcth.4999.

FU C, XIE S. Salts and 1-propanol induced aqueous
two-phase systems: phase separation and application [J/OL].
Journal of Chemical Technology and Biotechnology, 2019,
94(7): 2372-2381. https://doi.org/10.1002/jcth.6036.

FU C, SONG W, YI C, etc. Creating efficient novel aqueous
two-phase systems: Salting-out effect and high solubility of
salt [J/OL]. Fluid Phase Equilibria, 2019, 490: 77-85.
https://doi.org/10.1016/j.fluid.2019.03.002.

http://www.chemscieng.com



14

[16]

[17]

[18]

[19]

[20]

AW 55 EE RS T 28 IRRAIE T RE

XIE S, QIU X, JI' W, etc. Salting-out of 1,3-propanediol from
aqueous solutions by inorganic electrolytes [J/OL]. Journal of
Chemical Technology & Biotechnology, 2016, 91(11):
2793-2801. https://doi.org/10.1002/JCTB.4886.

XIE S, YI C, QIU X. Energy-saving recovery of acetone,
butanol, and ethanol from a prefractionator by the salting-out
method [J/OL]. Journal of Chemical and Engineering Data,
2013, 58(11): 3297-3303. https://doi.org/10.1021/je400740z.

XIE S, QIU X, YI C. Salting-out effect of tripotassium
phosphate on the liquid-liquid equilibria of the
(water+acetone+1-butanol+ethanol) ~ system  and  the

salting-out recovery [J/OL]. Fluid Phase Equilibria, 2015, 386:

7-12. https://doi.org/10.1016/j.fluid.2014.11.013.

XIE S, JI W, ZHANG Y, etc. Biobutanol recovery from model
solutions/fermentation broth using tripotassium phosphate
[J/OL]. Biochemical Engineering Journal, 2016, 115: 85-92.
https://doi.org/10.1016/j.bej.2016.08.010.

XIE S, ZHANG Y, YI C, etc. Biobutanol recovery from
model solutions using potassium pyrophosphate [J/OL].
Journal of Chemical Technology and Biotechnology, 2017,
92(6): 1229-1235. http://doi.wiley.com/10.1002/jctb.5113.

http://www.chemscieng.com

[21]

[22]

[23]

[24]

Yl C, XIE S, QIU X. Salting-out effect of dipotassium
hydrogen phosphate on the recovery of acetone, butanol, and
ethanol from a prefractionator [J/OL]. Journal of Chemical
and Engineering Data, 2014, 59(5): 1507-1514.
https://doi.org/10.1021/je401060m.

XIE S, LI Z, ZHU G. Salting-out Effect on the Separation and
Purification of Acetic Esters: Salting-out Agents, Theory, and
Applications [J/oL].
https://doi.org/10.1080/15422119.2022.2159837,
2022[2023-06-12].
https://www.tandfonline.com/doi/abs/10.1080/15422119.2022
.2159837.

XIE S, YI C, QIU X. Salting-out of acetone, 1-butanol, and
ethanol from dilute aqueous solutions [M/OL]//AIChE
Journal. 2015: 3470-3478. https://doi.org/10.1002/aic.14872.

XIE S, QIU X, YI C. Separation of a Biofuel: Recovery of
Biobutanol by Salting-Out and Distillation [J/OL]. Chemical
Engineering and Technology, 2015, 38(12): 2181-2188.
https://doi.org/10.1002/ceat.201500140.



