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Study on influence factors on relationship between boiling point and saturated
steam pressure in vacuum extraction of traditional Chinese medicines
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Abstract: Objective To investigate the correlation of water and different volume fractions of ethanol boiling point and saturated
steam pressure when using the vacuum extraction technology, and to compare the impact on saturation steam pressure of the addition
of different medicine materials (Andrographis paniculata, Carthamus tinctorius, Angelica dahurica, Uncaria rhynchophylla,
Scutellaria baicalensis, Salvia miltiorrhiza, Citrus reticulata) or the addition of materials with different particle sizes. Methods To
obtain the theoretical value and measured value of saturated steam pressure under different boiling points by the combined method of
theoretical calculation, experiment measurement, and statistical analysis Results The regression equation for the saturated steam
pressure (P) with the volume fraction of ethanol solvent (¥) and the boiling point (7) was P = 76.467 140.035 2 T>+1.201 0 TV/—
30.749 4 1*—3.123 9 T—14.966 7 V. The results showed that measured values of the saturated steam pressure of pure solvent, water
and different concentration of ethanol, was less than the theoretical value. After adding herbs, the measured value of saturated steam
pressure was higher than the pure solvent. The saturated steam pressure would reduce exactly as the extraction temperature reaches a
certain temperature after the herbs were added. Conclusion The addition and crush of herbs have influence on the saturated vapor
pressure of solvent with small range.
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1-double-layer serpentine condenser tube 2-vacuum pump
3-vacuum controller 4-water bath 5-three round bottom flask

6-thermometer 7-low temperature coolant circulation pump
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Fig. 1 Vacuum extraction apparatus
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G, VBUUR Rt BE 5 LR 28U s ) BRI BOR R IR A B Y
& 4-50h7 WU (Clapeyron-Clausius) 75 F£°7,
dInP/dT= A? H./RT* (D
P BARMERIZE SR (Pa), T MBAARIILXHRE (KD,
AP Hy HARIAPEBI B (T/moD), R AR £
PRI, AT TSR H VRUAA AN ) s 0 L PR R U
BRI (2).
In(Py/P))= A? H.(T,—T\)/RT, T, (2
A5 AL H T, (20 0] R TR AN R )

KA.

CL AR IR~ BE IR VAL 4 40.67 kI /mol, 7E4k
S 7774 101.325 kPa Bl 24 373.15 K, 100% 4
S (1) S 349 R SR VAL 3y 41.50 kJ/mol, LEANF IS 11
101.325 kPa ¥ i 351.45 K, @i (2) ATt
S5 H KA 100% L BEAN [R)3h 2 TR B (AN 28
R, DA SR i TE R e Ao B e, K
I SCHRARIE J73E 0] 23 BT 10%- 20%- 30%-
40%-+ 50%-+ 60%-+ 70%-~ 80%- 90% LA A A
TN A ZE A, LK 1.
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Table 1 Calculated values corresponding to saturated vapor pressure andboiling point for water and ethanol with different

volume fractions

- HAIZE K /kPa

K 10%LEE 20%40E 30%LHEE 40%LHEE 50%LMEE 60%4ME T10%L0E 80%LEE 90%LEE L
40 8.220  8.539 8.910 9.345 9.863 10491 11266 12250  13.537 15294 17.837
45 10.507 10919 11397 11959  12.627 13437 14438 15706 17367  19.634 22914
50 13329 13.857 14469 15187  16.043  17.079 18360  19.984  22.109 25011 29.210
55 16.787 17.457 18234  19.147 20234 21551  23.178 25241 27941  31.627 36.961
60 20996 21.841 22822 23973 25344  27.005  29.057  31.659 35064  39.713 46.440
65 26088 27.146 28374 29816  31.533  33.613  36.184 39443 43708  49.531 57.958
70 32209 33.526  35.054  36.848 38985 41573 44772 48827  54.134 61381 71.866
75 39.527 41.155  43.044 45263 47906  51.106  55.061  60.075  66.638 75598 88.563
80 48227 50228 52550 55277 58525 62458 67319 73482  81.548 92560 @ —
85 58515  60.961  63.799  67.131  71.100 75906  81.846  89.377  99.233 — —
90  70.622 73594  77.043  81.092 85915 91756  98.975 — — — —
95 84.800 88392 92560  97.455 — — — — — — —
100 101.325  — — — — — — — — —

“—7 FORZILE N AU E R KRR

“—” indicates that the saturated vapor pressure at this temperature exceeds the normal atmospheric pressure
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KA RRR D B EXEH L TRIEMESENEE n=3)

Table 2 Measured values corresponding to the saturated vapor pressure and boiling point for water and different volume

fraction of ethanol (7 =3)

o R UL/kPa
K 10%LEE  20%LEE  30%LEE  40%LEE S0%LEE  60%LEE  T0%LEE  80%LEE  90%LIE
40 — — — — — — 143 148 152 158
45 — — 12.8 14.8 15.7 17.4 17.9 19.2 19.8 20.5
50 — 13.7 16.8 18.7 20.7 227 23.7 247 25.7 263
55 143 17.5 21.3 24.0 26.4 29.2 30.2 312 32.5 33.8
60 183 223 272 30.3 333 36.7 382 39.7 413 432
65 233 282 342 39.0 43.8 46.2 478 49.5 512 53.8
70 28.7 36.2 438 48.5 54.7 57.5 59.7 62.2 63.8 67.2
75 36.9 45.7 55.8 61.7 68.0 71.3 73.5 77.0 79.2 82.5
80 46.0 57.5 68.7 76.0 84.5 87.9 90.8 94.2 97.0 —

“—7 FORZILE T N A R TGRS ORI FRIE H R UR AR B

“—” indicates that the vacuum degree of the device under the temperature is too low to be determined or the solvent cannot reach the temperature under

normal atmospheric pressure
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Fig.2 Boiling temperature (7)-saturated vapor pressure (P)

curves of water and different volume fractions of ethanol
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Fig. 3 Volume fraction-saturated vapor pressure (P) curves

of water and different volume fractions of ethanol
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Table 3 Verification results of regression equations

WE/C S kPa [FIRDT RPN KPa {2
55 29.70£0.25 29.90 -0.2
60 37.00£0.21 37.90 -0.9
65 47.00£0.21 47.50 -0.5
70 58.40£0.31 59.00 —0.6
75 71.40£0.25 72.20 -0.8

2.6 MMATRE XS IRFAZE S E R 200 % 22
FRPE 2544 FH 253 AN TR, B0, e A
T B B PSR R 2R s 24T,
ARSI R ZA 10 g T= 08, 4> 50 200 mL
IK I 50%. T0%L0E (20 SERRE-HGE R X 2 F
W, M55 ) Wi, K ingk, @t
T2 9 A U VA R R ) 4 R R R T
70 C, HWARNIES (n=3), R FEZH
HaE AR RIAT IO, LLRANIRI 2544 2 18]

BRSO R BT H A, &5 I 4. 5.
2.7 FHMARRIEMEINES E B SN E R
RN FIRAR P2 EE (FE Bk 7 Fl
i, FESRIAE 2 FEMARZESE,  Horh i,
AR ) % 10 g, /NN 70% 40 (5K
Brd T 2000 PR P D 200 mL, 7KV B I,
T8 I B RE RIS R T A AR R ) P T v A
Iy IEEEL 45, 504 55, 60, 65, 70. 75. 80 ‘Cih
WA FAARNIE D), AFRRIELEE T A R R
MRS RAMIATZEILER, 45RIE 6. 7.
3 H#ER5HR
N SRR HOAR R, BT DAAS R RR 3 2 LI

F4 TRAMIKE 50%. 70%ZEEE 70 Cihm T3
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Table 4 Effects of different herbs on saturated vapor
pressure under water, 50% and 70% ethanol solution boiling

point of 70 'C (x*s,n=3)

HMFNZE S K /kPa

2kt - -

K 50% 1 70%Z, 1%
gy 28.70£1.26  57.50£0.50  62.20%0.76
M 29504041 59.60+0.21°  63.30+0.29"
AW 29.60+0.29  59.50+0.24"  64.10%0.17
SiB 29.50+0.29  59.40+0.29°  64.8040.25"
A T 30.00+£0.41°  58.90%+0.21°  64.7040.34
B 29.90+0.26"  59.60+0.12°  65.2040.37"
Ve 29.80+0.21°  59.50%0.12°  64.8040.36
7953 29.70+£0.39  59.30%+0.17°  64.70%0.12°

ol T BT 22 R TP<<0.05

There is significant difference in comparison with pure solvent: P <

0.05

x5 MAAME 50%. 70%ZE 70 CHRFAFEFZESEZMEFEIT S
Table 5 Statistical analysis of adding herbs after 50% and 70% ethanol at 70 ‘C to saturated vapor pressure effect

A 50% LI 70% L1
FOME e AUE Ml EA T B poiE a4 Al B wmE E B

FIE / - - + - - - / + + + + + +
AR - / - + - - + / - + + -
L - - / - - - - + - / - - - -
2L + + - / + + - + - - / -
s - - - + / - - + + - - / - -
Fi5 - - - + / - + + - - / -
34 - - - - - / + - - - - /

“+7 FoRTRENE: P<0.05, ‘-7 RN, 77 RoRFMAH

"+" means significant: P < 0.05, “—” means no significant, “/” means the same herbs
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F6 ARIEETARKEASEMBSELE (x+5,n=3)

Table 6 Saturated vapor pressure of S. miltiorrhiza with different sizes at different temperatures (x+s,n=3)

MRS /kPa

p DR RS
45 C 50 C 55 C

60 C

65 C 70 C 75 C 80 C

19.50+£0.37 24.40+0.25 31.30%0.33
2 5fi 19.2040.49 24.50+0.39 31.3040.55
3457 19.60+0.42 24.60+0.31 31.2040.69
457 19.60+£0.28 24.701+0.31 31.5040.43
6
6

JS 25 H4

S5 19.404+0.26 24304021 31.10+0.28

41.0040.21
39.50+0.76" 49.500.89" 62.50+1.62° 76.90+1.92" 94.80+1.07
39.70+0.47" 49.90+£0.60" 63.60+0.18" 77.90+£0.95" 94.60+1.02°
40.00£0.50" 50.20%0.47" 63.50+0.41" 77.50+£1.12" 94.40+1.18"
9% 19.5040.12 24.50+0.17 30.500.17" 39.40+0.28" 49.40+0.09° 63.40+0.31" 76.90+0.05" 93.904+0.21"
39.00+0.21" 49.00£0.12" 61.10+0.14" 75.80+0.12" 93.6040.12°

51.50+£0.21 65.00+0.25 78.70£0.25 96.20%0.55

52 tsAT B3 TP<<0.05

There is significant difference in comparison with raw materials: "P < 0.05

*7 FREBEETARNZAEEMESELR (x+s5,n=3)

Table 7 Saturated vapor pressure of Angelica Dahurica with different sizes at different temperatures (x + s ,n=3)

Fits

MRS s /kPa

45 C 50 C 55 C

60 C

65 C 70 C 75 C 80 C

JRZHA 19.70+0.17 25.204+0.21 32.20+0.22

el
J

<

e
Ja
=

<

12
I3
SuR! 1

e
J

el
J
=

7
I}

S

o oo H

e
Ja

6
6

=

41.1040.12
% 19.70£0.16 24.80%0.217 31.604+0.21" 39.8040.12° 50.30+0.21" 63.60+£0.29" 77.80+0.12" 94.40+0.17"
19.60+0.12 24.40+0.12" 31.500.16" 39.300.16" 49.9040.12" 63.60+0.12° 77.70+0.21" 94.30+0.25"
19.30+0.17 24.60+0.17" 31.300.16" 39.2020.29" 50.30%0.16" 61.20+0.25" 77.20+0.22" 94.30+0.17"
19.70+£0.21 23.60£0.29" 30.70£0.24" 39.40+0.21" 50.2040.34" 63.70+0.37" 77.40+0.33" 93.70+0.53"
19.60+0.21 23.90+0.31" 30.600.29" 39.300.21" 50.3040.24" 62.90+0.17" 77.00+0.31" 93.70+0.43"

51.20+0.16 64.60%£0.12 78.70%£0.17 96.20%+0.09

GRS LA R "P<0.05

There is significant difference in comparison with raw materials: “P < 0.05
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