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Table 1 The concentration,pH and density of aqueous
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samples ¢/ (mol/L) pH p/(g/cm®)
3% 0.136 44 7.787 1.007 62
5% 0.230 61 7.497 1.020 71
7% 0.325 95 7.298 1.032 07
9% 0.426 21 7.092 1.047 81
11% 0.523 43 6.915 1. 061 66
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Fig. 1 Distribution map of borate species of

potassium pentaborate in 0. 3 mol/kg K,SO, solutions
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Table 2 The peak area of borate anions in NMR spectra
samples B% B,% B, %
3% 65.9 33.3 0.75
5% 64 33.9 2.1
7% 61.8 34.5 3.7
9% 62.2 33.7 4.1
11% 62. 1 33.2 4.7

w% F7n i b Bl R AR B 0 4 A i, R
I FL AT (200 OH ™ B9 B2 ) A <y 4545 3
WMTEERcy=c, +¢; +¢535¢,=¢, +¢, +3¢, +5
csy ¢, =4e, +2¢4,

I Ead e R AT LAFR ) NMR 3% ] o A —
IR B TR, 43R 3 Firas o

AR I R R

Table 3 The concentration of borate anions in KB;Oq

solution

Samples ¢ +¢, cy Cs Ch. ¢, ¢
3% 0.449 6 0.075 72 0.001 020 1.63E -8 0. 059 62 0.3899
5% 0.7379 0.1303 0. 004 840 3. 18E -8 0. 095 47 0.642°5
7% 1. 007 0.187 4 0.012 06 5.04E -8 0.126 5 0. 880 7
9% 1.326 0.239 4 0.017 47 8.09E -8 0.169 4 1. 156
11% 1. 625 0.289 6 0. 024 60 1.22E -7 0.209 2 1.416
R4 TUUNRREN AP O RRAR B AR R L
Table 4 The formation constants of borate ions in aqueous KB, Og solutions
Samples M pK, pK; pK; cation M pK, pK,; pK;
3% 0.136 4 -4.42 -0.92181 0.12943 K 0.15 -5.35 -1.15 -1.72
5% 0.230 6 -4.70 -0.51934 0.526 19 Na 0.15 -5.39 -1.05 -1.64
7% 0.326 0 -4.88 -0.28116 0.799 98 Na 0.3 -6.00 -0.49 -1.23
9% 0.426 2 -5.09 -0.024 28 1.238 46 Na 0.4 -6.26 -0.42 -1.16
11% 0.523 4 -5.27 0.160 8 1.53391
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Boron - 11 Nuclear Magnetic Resonance Study of Aqueous
Potassium Pentaborate Solution

JIA Li-fan"*? ,ZHU Fa-yan'" ,ZHOU Yong-quan',LIU Hong-yan'"”,
WANG Yun-xia'*?* , WANG Guang-guo' > ,JING Zhuan-fang'** | SONG Lu-lu'?*"
(1. Key Laboratory of Comprehensive and Highly Efficient Utilization of Salt Lake Resouces ,Qinghai
Institute of Salt Lakes ,Chinese Academy of Sciences ,Xining, 810008 , China; 2. Key laboratory
of Salt Resources and Chemistry ,Qinghai Institute of Salt Lakes ,Chinese Academy of Sciences ,
Xining ,810008 , China ;3. Graduate University of Chinese Academy of Sciences , Beijing ,100049 , China)

Abstract ; The relationship between the type,content and solution concentration of boron-containing species in
potassium pentaborate solution was studied using species distribution diagrams and NMR experiments. Studies
have shown that potassium pentaborate is almost completely hydrolyzed into B(OH), and B(OH), in dilute
solution (0. 05 mol/kg(H,0) ). The main species in the concentrated solution (0.20 mol/kg( H,0) ) are B
(OH),and B,0,(OH), ,while the content of B;O, (OH), and [ B,0;(OH),>” Jis less. The formation con-
stants K, ,K; and K5 of B(OH), ,B,0,(OH), and B;O,(OH), were given by NMR experimental study. The
reason for the low content of B;O,(OH), is that it depolymerizes into other borate ions. The addition of ions
promoted the formation of pentaborate ,while high temperature promoted the B;O,( OH), depolymerization.

Key words ; Formation constant; NMR ; Potassium pentaborate ; Borate anions



