Vol. 29 HEFRMALFEFR No. 10
2008 4F 10 H CHEMICAL JOURNAL OF CHINESE UNIVERSITIES 2049 ~ 2054

MgSO,-K, SO,-H,0 =TTk &7 75 Ci# 5
2 & AE T ESR B ER T

B ke, By, MR, RAFE, A, 0k
(REERHE R AR 5 TR 2B, KU 300457)

WE R 105 CHEEMIER, 75 CIEIRIEME , 28K 240 ~260 ¢/ (h - L) F#HI 544, X MgS0,-K, SO, -
H,0 R RIATZER LS T, B T2 R A28 R AU PO ER AL, IRAB SRS, & SO T 58
A NI GER X, PR AR RN SRR X, SRR S5 R, (1) %K R K,S0,, Leonite, langbenite
H1 MgSO, + H,0 SFERBEMETE W0 2% S A% WD B ik DX 5 VS A A A X AR AE P B 5, P K, SO, BRER X3
i/, 1M Leonite 1 MgSO, + H,0 45 5 KA RRIFREEMIIE K, (2) FEZER L Ml fed, W3k MApmfErE
R A R X LS ER XA BT (3) AR XA R, (o ah DI IR TR AR B A 3 4. R BChs
IR AR B T T FP RO FN S, BIFETE AR R X, 3 2 A 1 A 25 i A 56 2 DX 01 37 4 AR [ A B2
AH L RRAIE DX 38

KR MK BRI BERFFIE; MegSO,-Na,S0,-H,0 =Joik &

FESES 0642.5 XERFRIRE A XEHS  0251-0790(2008) 10-2049-06

IKERR RSP AR R 238 T FEf e IR, B 238 B R TSRS i B G &R, AR A
T TR, KPR ES M A & R B LA OC &L AH T s I e R SR
Vant'hofft) $2 H A9/ 2 A R 5 fP- s, SOk 2 1048 1 K AP R P 4580

M FKERAR R AFEN FR IS, PRt A Feb B Rk K B R R A RS B C R, iS4
K, BEFE SR 4y BISE I T 25, 15 F1 35 CHE KB FIGIKZE Nat, K*, Mg**// Cl°,
SO2”-H,0 MM FaAfE 2, Br 4 31T T 25 CRUBRIREL S Na*, K*// C1™, SO?~, CO2™-H,0
RAN AT, S8 %D T TIUOCR R Lit, Mg’*//Cl™, SO?™-H,0 25 C % Li* /et
A ZAIRFSY, FHARSELHIT T LT, Na*// SO27, CO2™-H,0 1A 15 C N FaM K maFse. (3
FB, XA TR R 240 TR IR E Ve, SRS T B K ER AR R A FAH B SR AR 2 I .

on IR s 2 8 W S SR T AR AR, R B0 Bt 20 R R A2 (i 2R S kb T 37 B SF- i LA
RS AR AT A, ISR AR A S AR S S B 220 EARKER R AR AL, R A e A1 X b Tk
VS 2 E AR R, FOE A AR SRR rh 2R e 0 RS RE S 1R 2 5 P H A0 K9 20 B 2
RZEREK. RTARFESHHE R, TR T 0GR 2 A SAHE KA 22 A i
Rl S T AR E S E B, m S WIRE TR AR R AR AR AOHE S, (Al
AF5T 2 R R AR 22 S I 485 it .

AT A Mg,S0,-Na, SO, -H,0 PR 7E 100 °C A I s 5 7 % 10 1l - 25 b A 00 TR AT 7 R 9
IR FPER A S PR DX S AR A S X, R TSR R — B4 R M, AR SCRERE Mg, SO, -
K,SO,-H, 0 1R R PEFT28 K 45 M5, WFT T HAE 75 °C fRIE TRk 8 28 & 45 b AR S A 25 0 b R AE . Rl
FIAER RN R ER AR X

ek H W . 2008-02-04.
EEWH, BEARBEES (HES . 20776110) AR ENT R EERAFZE R (S . 06YFIMIC04100) 5 B).
ARG B A, B, BlEEz, FENFOKERRME L, e ihss T2 R Bl 46 T T A i 5%

E-mail : zhouhuan@ tust. edu. ¢n



2050 BEFEALFFER Vol. 29

1 SEIGE Y

1.1 RXFI5EE

S o SRR RN 23 A K 2R I 58 FAK (pH=6.6 ~7), HEL SR <1 x107* S/m; MgS0, -
7TH,0 1 K,S0, #4450l

XUZPEFEZE R 4 ey, SWQ B REBCFIH I A= Hl %, ZCY-15B BB B A IR AS (il ), NTS-2A
RUBCF IR BE 14X, Vacuubrand: MZ 2C +CVC 3000 + VV 6C 204 B2 P 245,
1.2 RETTE
1201 S8k SRAVEIRA V0753 20 A M AA R, LU 3am S AR, 3 o 42 ) 1 g S 80 4 ek i
7% K, Wil AR Li A i 5 LA R EART HH %) 1 A R B 2 2% & 1 ) AR A i 45 PR T 1 DX 3.

IR R GE L E UL Scheme 1, 2 L I XNUZ 3%
BEZERLE AN, PP TS B, SR B
IS, @ ZE R T, R eI IR 4
FER (75 £0.2) C; il &6l Ham i, ff 3
FHEHIR 255 (30 £0. 1) C; % 200 1/min 2
MR, R NI, TR
TR M ORRE 25 R 5 ARk T B Rk B R
Ai¥5). 28 BRI 9 240 ~260 g/ (h - L). L F
1.2.2 BAEF & i 28 & 4t AR I HER R Scheme 1 Experimental apparatus
ﬁjUH’, Fﬁﬁ{ﬂ% ﬂ{iﬁ%ﬁﬁj\%{ﬁ{ﬁ/ﬁ\%, E'Elﬂ: 1. Thermostatic oil bath; 2. thermometer; 3. barometer; 4. tachometer;
. e . N 5. motor; 6. sealed subassembly; 7. BC-S212 oil jacket glass reactor;
Ekﬁﬁﬁ?]&17’ ?H}{[‘Efzﬁzﬂ/ﬂﬁﬁ%lﬂ)?jjxf& 8. stirrer; 9. valve; 10. water bottle; 11. condenser; 12. vacuum control
FEEETT, iR A 8 B IEIN &, W valve; 13. vacuum pump; 14. buffer.
AHFE S TCEARBT . URE RS B AR TE 10 s OB, PIHRARFEAS ] DL 7% 2 45 it 4 9 S PR A
BIZEL L. [EARRE SRR E AR AT, BORE AR RGP EHE RSN, AT RGO AR,
1.2.3 g Ardr ik PO AR G 3 i 2T A T AL A 28 2. Mg®* SR ] EDTA 25 G e 1A %
FE, KSR PUOR NN - T $h A iR S, SO;™ SR BaCl, H kM. AR I DA SE R B R Ak 2%
Mok, iR R E AR X S 2T St i .

2 FER5E

2.1 RfETE
S k[ 2] H K,S0,-MgS0,-H,0 = ok R E, KR 078 H B EEH K,SO, ( Thenar-dite,

The), MgSO, « H,O [ Sakeite ( kieserite ) , 5000 l
M1], K,SO, -2MgSO, ( Langbenite, Lan), 4000 F SL-Equilibrium curve 5
K,SO, -MgSO, -4H,0( Leonite, Leo). iExE 3
18 MNHAEH R, 75 CE&MT, AT E R 5 3000
BT, G 15 ARE ARG 2 _—
W 3 DA (1R A, B, C). g 2000 P salt-forming
) I L e Kl curve

LAY FRS S M T oo BT
e TP 1. S B (5 SRR SR PN\ T~
—% " . ) MeSO 010 50 30 40 50 60 70 80 90 100 O
2.2 BBEEWIVLAEE X8 FIE K:SO; Janecke index

) BuN R K IR , #f  Fig.1 Primary salt-forming curve and primary salt-forming re-

W2 L EabvE - a s i, of

TEEI 22 &, B8 WA H B B A gions in the boiling evaporation non-equilibrium state of

WOREMERE AL LR, AR PR b i, 15 the system MgSO,-K,S0,-H,0 at 75 °C



No. 10 Ji 484 . MgSO,-K,SO,-H,0 =4k & /£ 75 C bl R R 3k -FH 509 R 4512 2051

Wil B 2F R 0 AL O &, BRI 058 ORI R s R R S AR L . 2R A S AR R
KL, EAE EAAIE W .

Table 1 Primary salt-forming points in the boiling evaporation process for the system of
MgSO,-K,S0,-H,0 at 75 °C

No. Composition of solution, w( % ) Jinecke index Y/[ mol/100 mol( MgSO, + K,S0,) ] Pressure/kPa Solid phase
VeSO, K, S0, H,0 MeSO, K, S0, H,0
1 0. 00 18. 09 81.91 0. 00 100. 00 4379. 63 39.9 The
2 2.29 18.44 79.27 15.21 84.79 3523.90 40.1 The
3 6.13 19. 08 74.79 31.73 68.27 2587.53 40.2 The
4 11.22 19.92 68. 86 44.92 55.08 1841. 07 34.2 The
5 14. 00 19. 62 66. 38 50. 82 49.18 1609. 10 33.8 The
6 15.77 19. 04 65.19 54.53 45. 47 1505. 56 33.4 The
* 16.70 18.70 64. 60 56. 40 43. 60 1458. 00 — Leo + The
7 17.93 18.20 63. 88 58.79 41.21 1400. 00 33.6 Leo
8 18.91 17.39 63.70 61. 15 38.85 1376.98 33.5 Leo
9 23.14 14. 86 62. 01 69. 27 30.73 1240. 16 33.4 Leo
10 27.16 13.72 59. 11 74.13 25.87 1077. 62 33.2 Leo
11 28.27 13.28 58. 45 75. 50 24.50 1042. 72 33.2 Leo
12 32.65 10. 61 56.74 81. 67 18.33 947. 88 33.8 Leo
* 33.63 9.98 56. 39 83.00 170 930. 00 — Lan + Leo
13 33.85 9.12 57.03 84. 31 15. 69 948.91 35.8 Lan
14 36. 60 8.74 54. 66 85.85 14.15 856. 35 35.2 Lan
15 38. 14 7.77 54.09 87. 66 12.34 830.38 33.2 Lan
16 43.20 7.65 49. 15 89. 10 10. 90 677. 06 30.1 Lan + M1
17 41. 69 4.71 53. 60 92.76 7.24 796. 73 30.1 M1
18 41.49 0.00 58.51 100. 00 0.00 941.85 30.4 M1

# The data is the intersection point of the salt-forming curves.
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Table 2 Typical data in the boiling evaporation and crystallization process for the system of
MgSO,-K,SO,-H,0 at 75 °C

No. Composition of solution, w( % ) Janecke index Y/[ mol/100 mol(MgSO, +K,SO,) ] Pressure/kPa Solid phase
MgS0, K,S0, H,0 MgS0, K,S0, H,0
1(1) 13. 07 16. 19 70. 74 53. 89 46. 11 1950. 00 34.2 —
1(2) 15. 69 19. 44 64. 86 53.89 46. 11 1488. 69 33.4 The
1(3) 16. 61 17.74 65. 66 57.52 42.48 1520. 00 35.5 The
1(4) 19. 59 16. 08 64.33 63. 80 36. 20 1400. 00 34.8 The
1(5) 18.26 15. 54 66. 20 62.99 37.01 1525.99 34.3 The + Leo
1(6) 17. 67 15.35 66. 98 62.49 37.51 1583. 56 34.4 The + Leo
1(7) 17. 38 15.13 67.49 62. 45 37.55 1621. 21 34.4 The + Leo
2(1) 16. 25 15.53 68.22 60. 24 39.76 1690. 00 34.2 —
2(2) 18.25 17. 44 64. 31 60. 24 39.76 1418.92 33.6 Leo
2(3) 18. 40 17.52 64. 08 60. 34 39. 66 1404. 01 33.7 Leo
2(4) 18.91 17.39 63.70 61. 15 38. 85 1376. 98 33.7 Leo
2(5) 20. 41 17. 04 62.55 63.43 36.57 1299. 22 33.8 Leo
3(1) 23.56 11.07 65. 37 75. 50 24.50 1400. 00 34.3 —
3(2) 28.28 13.29 58.43 75.50 24.50 1042. 72 33.2 Leo
3(3) 28.30 10. 81 60. 89 79.13 20. 87 1137. 87 33.1 Leo
3(4) 28. 66 10. 14 61.20 80. 36 19. 64 1146.76 33.0 Leo
3(5) 33.51 7.27 59.22 86. 97 13.03 1027. 09 32.9 Leo + Lan
3(6) 30. 68 7.35 61.97 85. 81 14. 19 1158.26 32.9 Leo + Lan
4(1) 28.56 8.42 63. 01 83.08 16. 92 1225. 00 36.0 —
4(2) 33.67 9.93 56. 40 83. 08 16.92 930. 00 35.8 Lan
4(3) 32.13 6.99 60. 88 86. 94 13. 06 1100. 83 35.3 Lan
4(4) 33.81 6.08 60. 11 88.95 11.05 1057. 10 35.2 Lan
4(5) 35.54 4. 84 59. 61 91. 40 8. 60 1024. 50 35.1 Lan
4(6) 36. 66 4.82 58. 51 91. 67 8.33 977. 83 35.1 Lan + M1
5(1) 34. 66 3.89 61.46 92. 81 7.19 1100. 00 31.0 —
5(2) 41.70 4.71 53.59 92.76 7.24 796.73 30.4 M1
5(3) 41.93 5.95 52.12 91. 08 8.92 756. 69 30.2 M1
5(4) 43.21 7. 66 49. 13 89. 10 10. 90 677. 06 30.1 M1 + Lan
5000 — -
4500 1MLy Lay Leo !iqudlbrlum region K-S0,
4000 M1 |La|? Leo Primary S:a]t—’ronuing region K,SO, /
B’ TA
3500 Extend salt-forming region
%
S 3000 K.SO;
£ 2500
o
£ 2000
Q
i 1500 |
1000 £ ~_
500 Leo T~ 8
e |KUSO,
MgS0, ¢ 60 70 80 90 100

K80, Janecke index
Fig.2 Salt-forming behavior and salt-forming regions in the boiling evaporation non-equilibrium
state of the system MgSO,-K,SO,-H,0 at 75 °C
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3(5) AFFIAA Lan L, BEHIAHA 3(5) mUE Leo HLREARMT AU BR 52, TS ZERY 28 A T2 2N Leo
HHEFATH Lan, X—id 25 (1) 2.
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Table 3 Salt-forming regions of non-equilibrium state in the boiling evaporation process of
the system MgSO,-K,SO,-H,0 at 75 °C
Upper limit Lower limit Upper limit Lower limit
Phase region Salt of Jinecke of Jinecke Phase region Salt of Jinecke of Jinecke
index(K,S0, ) index(K,SO, ) index(K,S0, ) index(K,S0, )
SLE-Phase K, S0, 100. 0 38.2 Extend salt- K,S0, 100.0 36.2
region Leo 38.2 15.1 forming region Leo 43.6 13.0
Lan 15.1 7.0 Lan 17.0 8.6
M1 7.0 0.0 Ml 10.9 0.0
Primary salt- K,S0, 100. 0 43.6 Conditional salt- K,S0,-Leo 36.2 43.6
forming region Leo 43.6 17.0 forming region Leo-Lan 13.0 17.0
Lan 17.0 10.9 Lan-M1 8.6 10.9
M1 10.9 0.0
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Non-equilibrium Behavior of Salt-forming in Boiling Evaporation
Process for the System of MgSO,-K,SO,-H,0 at 75 °C

ZHOU Huan " , CUI Shi-Guang, SHA Zuo-Liang, YUAN Jian-Jun, ZHONG Jian-Jiang, HU Bing
(College of Marine Science and Engineering, Tianjin University of Science and Technology, Tianjin 300457 , China)

Abstract The behavior of salt-forming under a non-equilibrium status was experimentally determined for the
system of MgSO,-K,S0,-H,0 during boiling evaporation. The experiments of solution evaporation were carried
out at a constant boiling temperature of 75 “C by a heating agent with a fixed temperature of 105 °C. The
evaporation intensity used was about 240—260 g/ (h - L). The compositions of liquid and solid phase were
analyzed at the time when primary nucleation occurs and several points of further evaporation. According to the
experimental results the concepts of primary, extend and conditional salt-forming regions were proposed. The
experimental results show that; (1) the primary salt forming regions of K,SO,, Leonite, Langhenite and
MgSO, - H,O were observably different from those in Equilibria Phase Diagram. The width of primary forming
region of K,S0, and Langbenite are reduced, and the width of primary forming regions of Leonite and
MgSO, -H,O are extended in different degrees. (2) Under the condition of having crystal seed, the width of
salt-forming region is larger than that of primary salt-forming region in different degrees for different salts.
(3) The extend salt forming regions of each salt caused an overlap. In the overlay region, what kind of the
salt is formed depending on the seed of crystal. This overlay region is defined as conditional salt forming
region, which is a special character in the non-equilibrium state phase diagram, and does not exist in the
Equilibria Phase Diagram and Metastable Phase Diagram.

Keywords Phase diagram; Boiling evaporation; Non-equilibrium state; Behavior of salt-forming; MgSO,-
K,S0,-H,0 system
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