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Fig.3 Raman spectra of borate speciation in Da Qaidam and Jibuchaka brines during evaporation
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Table 2 Raman spectral assignments for borate speciation in Da Qaidam salt lake brine during evaporation

DL, DL, DL, DL, DL, DL, PR )%
874 s 875s 876 s 877s 877s 876s v(B,,-0) B(OH),
— 752 w 753 m 755s 757 s 757 s —
v,(B(,-0) -
744 vw — — — — — [B(OH),]
618 s 613 s 613 s 614 s 614s 614s y(8-0)/v,[B,0,(OH), | S0,*/[B,0,(0OH), ]
— 631 m 630 m 637 s 638's 637 vs v [BO,(OH), 1> [B,0,(OH),J*
490 m 491 w 492 w 495 w 492 m 498 m
3(B,,-0) B(OH),/[B,0,(0H), ]
— — — — 416 w 416 w
450 s 451s 452 vs 456 s 454 m 455m v(8-0) S0,
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Table 3 Raman spectra assignments for borate speciation in Jibuchaka Salt Lake brine during evaporation
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Fig. 4 Crystallization processes of borates crystallized from DL, and JBL brines with 1.0 dilution ratio
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Table 4 Optimal MA model kinetic parameters for different
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MKRAR  BEK IR k R N
DL, 278 MA-1 00158 099189  0.0444
DL, 298 MA-2 00137 09819  0.0504
JBL, 278 MA-2 01082 09461  0.0081
JBL 298 MA-2  0.0329 09779  0.0487
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Fig. 5 Crystalline borate solids precipitated from diluted brines under different conditions
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A Study on the Evaporative Concentration of Sulfate-Type Brine and the
Efficiency of Boron Recovery by Dilution

CUI Pengyang'**, HU Zhenrong'*, PENG Jiaoyu'*, DONG Yaping'*, LT Wu'"*
(1. Key Laboratory of Green and High-end Utilization of Salt Lake Resources, Qinghai Institute of Salt Lakes
Chinese Academy of Sciences, Xining, 810008, China; 2. Qinghai Engineering and Technology Research
Center of Comprehensive Utilization of Salt Lake Resources, Xining, 810008, China; 3. University of
Chinese Academy of Sciences, Beijing, 100049, China; 4. Qinghai Provincial Key Laboratory of Resources
and Chemistry of Salt Lakes , Xining, 810008, China)

Abstract: The “dilution-crystallization” method has shown considerable potential for the efficient extrac-
tion of boron from magnesium sulfate (Mg-sulfate) subtype salt lakes. However, its applicability and crys-
tallization mechanism in sodium sulfate (Na-sulfate) subtype salt lakes, which possess distinctly different
chemical compositions, remain unclear. This has become a key scientific issue hindering the widespread ap-
plication of this technology. To elucidate the influence of different brine types on the dilution-crystallization
behavior, this study utilized brines from the Dachaidam (Mg-sulfate subtype) and Jibuchaka (Na-sulfate
subtype) salt lakes as research subjects. By employing Raman spectroscopy and crystallization kinetics, we
systematically compared the evolution patterns of boron species and the efficiency of boron extraction via
dilution in both systems. The results indicate that the chemical composition of the brine is the critical factor
influencing efficient boron extraction. In the concentrated brine of the Mg-sulfate subtype, the unique ionic
environment promotes a high degree of boron polymerization to form B,0,(OH)”, creating a highly super-
saturated system that is favorable for dilution-crystallization. This achieves a boron recovery rate of over
90% with high product purity. Conversely, in the Na-sulfate subtype brine, sodium borate and magnesium
borate coexist, and the concentration of the key B,O,(OH ), species is lower. Its dilution-crystallization be-
havior is characterized by competitive crystallization between these two salt types, leading to reduced bo-
ron separation efficiency. Therefore, the findings of this study provide crucial theoretical guidance and tech-
nical support for the efficient and green development of boron resources from various types of salt lakes us-
ing the “dilution-crystallization” method.

Key words: Sulfate-Type Salt Lake; Borate; Dilution method; Crystallization kinetics; Boron recovery





