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Table 1 Values of some parameters of Debye—Hiickel formula
in 1:1 valence electrolyte aqueous solution

Temperature (C) A B

5 0.4952 0.3256
10 0.4989 0.3264
20 0.5070 0.3282
25 0.5115 0.3291
30 0.5161 0.3301
40 0.5262 0.3323
50 0.5373 0.3346
60 0.5494 0.3371
70 0.5625 0.3397
80 0.5767 0.3426
90 0.5920 0.3456
100 0.6086 0.3488

Note: A and B are parameters of Debye—Hiickel formula.
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Table 2 Solubility product constants of KBsOyg at
different temperatures

Temperature (‘C) S (g/100g H,0) Kep (x107%)
0 1.56 4.88
5 1.80 6.48
10 2.08 8.62
20 2.82 15.7
25 3.27 21.0
30 3.81 28.3
40 5.12 40.3
50 6.87 88.6
60 9.05 150
70 11.64 240
80 14.70 369
90 18.27 547

100 22.30 779

Note: S represents solubility and Ksp solubility product constant.
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Table 3 Theoretical rate equation and theoretical rate constant of reaction at different temperatures
Temperature (K) Theoretical rate constant, Inky Theoretical rate equation Regression coefficient, R
278 -2.75442 Inr=-2.754 42+2In(»-1) 0.99158
298 0.04285 Inr=0.042 85+2In(w-1) 0.99057
323 2.5099 Inr=2.509 9+2In(w-1) 0.99789

R 3 A [ BE R 1 T3R5 5 Ky, AR
Arrhenius 77, k=Ae ®RT, 47 Ink=InA-E/(RT), Hiikn]
{5 H M S N 5 AL fE E 4 85.8 kd/mol. IhiEfb e E 4%
AREAR 2 SN AR B R A 3o 1 R 1) 2 45 AL

TRERFITZ N (B Sy 2 R, T RN 30 2
FAE, I AT LU g SR N M B S N R, o I N
BN SN IR RE, T AR Tolk b AR TR R AL
KSR T3 (0 T2 41

4 %

SR 5 TR R AN 7K B N mT A Al s DY K Tl
PRI UE AN A ARV W SERLAR IS, 5 B 75 A K I ] 5
WP I, S AT AL IR B P4

U PS5 0 B TR Ak R AR B 2 R W) TN PR B 4 i
()RR, U O R A B s e Bk B

N WEIERY], RONIE 52 DK T R RO e dr
A, RONZER 2, e IV A E i I T b
K, BMNIEARE Y 85.8 ki/mol.

S k-

[1] BESEED, A2ZK. bS5 M) BeER: iR R
2R AL, 1992. 184-186.

[2] i, 38k, W RE. UL ABEE—8): B, Wl&)E,
m, B, Bk M dbsd: Bl R, 1990. 278-279.

[3] Thamizharasan K, Raja S X J, Xavier F P, et al. Growth, Thermal and

Microhardness Studies of Crystals of Potassium Penta Borate (KBs)
[J]. J. Cryst. Growth, 2000, 218: 323-326.

[4] Rajasekar S A, Thamizharasan K, Pragasam A J A, et al. Growth and
Characterization of Pure and Doped Potassium Pentaborate (KBs)
Single Crystals [J]. J. Cryst. Growth, 2003, 247: 199-206.

[5] Rajasekar S A, Thamizharasan K, Joe G M J, et al. The Role Metallic
Dopants on the Optical and Photoconductivity Properties of Pure and
Doped Potassium Pentaborate (KBs) Single Crystals [J]. J. Cryst.
Growth, 2004, 84: 157-161.

[6] Hackspill L, Claude D, Rollet P A A. Manufacture of Potassium Salts
from Potassium Chloride [P]. US Pat.: US1892341, 1932-12-27.

[7] Gurbuz H, Yavasoglu N, Bulutcu A N. Recovery of Potassium Salts
from Bittern by Potassium Pentaborate Crystallization [J]. Sep. Sci.
Technol., 1996, 31(6): 857-870.

[8] Gale W A. Method of Preparing Potassium Pentaborate [P]. US Pat.:
US2094881, 1937-10-05.

[9] May F H. Process of Manufacturing Potassium Pentaborate [P]. US
Pat.: US2395566, 1946-02-26.

[10] BER%, Je/Ni&, NI U PR T MO LBE R L A= T2 i
5% [3]. EHLER T2, 1996, (1): 18-23.

[11] Z=RWI. TR R A KNV [3). #Elldh 546, 1989, 18(4):
51-53.

[12] #NI, sk, ZE0epk. TR dl s ikt (0] ALk,
2005, 24(9): 1011-1014.

[13] FERFYHA A B, WEAe s I SB=IR [M]. e
AR UE A, 1992, 289-290.

[14] BT, WA SRS SR (IETHR) [M]. dbxt: BRgtiat,
1983. 82, 104.

[15] sKBEDT, Ehiziil. WA [M]. bl BRI EORICHR T
fi4t, 1991. 144-145, 150-151.



938 U = I HT1E

Kinetics of Replacement Reaction between Potassium Chloride and
Sodium Pentaborate for Preparing Potassium Pentaborate

ZHANG Jin-ping, SUN Yong, YANG Gang, LI Zuo-hu
(Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100080, China)

Abstract: The preparation method of potassium pentaborate (KBsOg) was studied with the replacement reaction between potassium
chloride and sodium pentaborate solution. The effects of sodium pentaborate concentration, reaction temperature and reactant mole ratio
(KCI:NaBsQg) on the crystallization rate of KBsOg were investigated. The results show that sodium pentaborate concentration is the most
influential factor for affecting the reaction, while reaction temperature and reactant mole ratio (KCIl:NaBsQOg) are secondary factors. The
reaction kinetics was studied by selecting control-step method as well as modified Debye—Hiickel activity coefficient model and Bromley
osmotic coefficient model. The results show that the reaction order is 2 and apparent reaction activation energy 85.8 ki/mol, and the
reaction is mainly controlled by precipitation of KBsOg-4H,0.

Key words: potassium chloride; sodium pentaborate; replacement reaction; potassium pentaborate; reaction kinetics



