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Equilibrium in the Systems of Tetrahydrofuran-
Water-Alkali Metal Salts or Hydroxides

Hisashi Kisaki
Shunsuke Mabuchi

Equilibrium compositions of ternary system of tetrahydrofuran (abbreviated as THF) -water-alkali metal

salts or hydroxides are observed at the range of 15°C~35°C in order to search for a simple dehydration

method from water containing THF.

Mainly, the system of THF—H,0—NaOH is experimented and an equilibrium diagram at 22°C is comple-

ted. Concentrated aqueous solution of sodium hydroxide turned out to be a good solvent for the extraction

of water from the azeotrope of THF and water.

Concentration of water in THF phase can be calculated with the water activity which is obtained from

the osmotic coefficient of aqueous solution of salts or hydroxides. It is clarified that these solutes have no

effect on the water content of THF phase.

Temperature has very little effect on the equilibrium composition because the water activities change in

a narrow range in both phases at equilibrium.

Solubility of THF in aqueous salts or hydroxides solution phase varies depending on the solute anions as
(Br)>CH3;COO™>CI™>0H", (CO3™™)>(SO, ™), but alkali metal cations have no effect.

In contrast, alkali metal salts or hydroxides are barely soluble in THF phase. However, they will show

an observable solubility when the concentration of these solutes in the lower layer is below 5%.

In this case, solubility has the order such as (NaBr)>CHz COONa>NaCl>(Na,SO,) >KOH >NaOH,

(Na2C03) >LIOH.
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Table 1 Equillibrium in the system of

NaOH—THF—H,0 (at 22°C)
Lower layer (wt. %) | Upper layer (wt. %)
" 'NaOH | H,0 | THF |NaOH | H,0 | THF
%] 76.9 23.1 0.0 0.0o | 0.15 1 99.83
2 | 46.03 | 563.94 0.0y 0.0 | 0.2399.7¢
3 | 40.94 | 58.94 0.0, 0.0 | 0.45 | 99.55
4 | 35.35 | 64.64 0.0 0.0p | 0.72 | 99.2¢
51 29.04 | 70.74 0.1 0.0 1.4 | 98.,4
6 | 25.35 | 74.5, 0.1, 0.0g 2.0¢ | 97.94
7 | 20.62 | 78.8, 0.44 0.0y 3.35 ] 96.7,
8 | 156.1, | 83.6¢ 1.2, 0.0g 5.36 | 94.6,4
9 | 14.1g | 84.24 1.6, 0.0y 5.72 | 94.24
10 9.9, | 84.95 5.1, 0.0y 8.67 | 91.35
11 4.55 | 80.4¢ | 15.04 0.0:5 16.2, | 83.74
12 2.14 | 69.64 | 28.2, 0.1 | 32.0¢ | 67.8¢

% Lower layer is solid state.
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Fig. 1 Ternary miscibility of THF-H;0-NaOH system (wt. %) at 22°C
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Fig. 2 Upper phase concentration of H,O in
THF-H,0-NaOH system at various
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Fig. 4 Distribution coefficient of water in
THF-H,0-NaOH system at 22°C

Table 2 Equillibrium in the systems of
THF—H,0—LiOH, NaOH or
KOH (at 25°C)
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Table 3 Equillibrium in the systems of
THF—H,0—Salts (at 25°C)

! Lower layer (wt. %) | Upper layer (wt. %)

NaCl ’ H,O | THF | NaCl | H,O | THF

1| 2509 | 71.00 | 3.9; | 0.00 | 3.95 | 96.0,
9 | 25.05 | 70.65 | 4.5,| 0.0y | 4.0; | 95.9,
3| 3.7,| 50.8¢ | 45.3; | 0.1¢ | 23.9, | 75.8,

Eggi;ql H,0 ]?HF CHs | Hz0 | THF

4-|31.32'64.32 9.3, | 0.0, | 4.05|95.69
51 30.0,| 6,.64 5.3,| 0.0, 6.15 | 93.8,

ﬁ'l 3.5, | 43.3, | 53.15 | 0.3, | 34.1; | 65.5,

K;CO3| H,O | THF |K;CO3| H,O | THF

7 | 52.10 | 47.7, 0.16}0.009| 0.8y | 99.14

NayCOs| H,O | THF {NaZCO;;\ H,O | THF

Lower layer (wt. %) | Upper layer (wt. %)
No. e — 8 | 25.50 | 74.0o | 0.4 | 0.0;2 | 7.85|92.16
NaOH | H,O | THF NaOH[ H,O | THF !
Na,SO,| H,0 \ THF |Na,SO,| H,O | THF
] 1| 42.04 | 57.85 | 0.04| 0.05| 0.—5 | 99.6,
i 2 | 41.9¢ | 57.95 | 0.0, | 0.0o | 0.4 | 99.5, 9 | 23.3; | 74.5, | 2.1s l 0.05 ] 20.84 | 79.15
3 | 28.453 | 71.5, 0.0s 0.0 | 1.67 | 98.34 NaBr | H,O | THF \ NaBr | H,O | THF ;
4| 1415 | 84.2, | 1.6,| 0.0, 4.9 | 95.0, %
5| 5.35 | 81.7; | 12.9, | 0.0p5 12.8; | 87.0; | 10| 45-95 | 50.05 4.0, | 0.04| 1.47|98.4 :
: 6 | 5.1g| 81.55 | 13.2, | 0.04¢ 14.1, | 85.8; %
e —_— |
E KOH | HO | THF | KOH | H,0 | THF (3] BEOY
14 Zm w7 ‘
; 7 | 38.0; | 61.86 | 0.0, | 0.0 | 0.54 |99.4 NaOH—H,0—THF 0 %1 T, JRE#15°C, 25° |
i 8 25.49 | 74.04 0.44 0.0g 2.15 | 97.85 C, 35°C I(CEX’_’C%Z&HIE&MEL, G R LT 22°C '
la 9 2517 7424 059 000 253 9742 @ﬂUﬁEﬂEL(FIg 2, Flg 3) kC7°D W I\Lfco ﬁﬁ@%
1 10 | 12.64 | 82.65 | 4.69 | 0.0, | 5.96 | 94.04 L
3 11| 12.64 | 81.65 | 5.6; | 0.05 | 8.4 | 91.5, h )
12| 4.3;| 74.6; | 21.05 | 0.0, | 16.6 | 83.3, 4. xEE
§ 13| 4.2, | 62.85 | 32.85 | 0.05 [ 522.06| 77.9; T
LiOH | H,O | THF | LiOH | H,0 | THF (1] 2=l _ o
CHDCEERBCHAET A, KRS OFRT v
i M4 9.5 | 87.47 | 2971 0.00 1 7.2, 1 92.7, P VDRI ORBRI LT B, LT, I
: 15| 9.5;|87.25 | 3.15| 0.00| 7.64 | 92.3 O, W S, o R T BRE R: A
(! 16| 4.6¢| 84.0; | 11.2, | 0.045 | 14.3, | 85.6, -
€6 ;
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