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Table 1 Analysis results of samples after different treatments.
S Na K Ca Mg Fe Mn Al TP
pisdil PH (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (NTU)
HuHK 8.61 1658 259.1 15.49 0.12 0.81 0.0099 5.13 417
LIS 8.63 1520 248.8 731 0.13 ND 0.0059 0.16 242
ik 2 £ 8.81 593.5 137.8 455 0.048 0.40 0.0021 1.82 17.4
Fi ke 5 1 8.83 240.2 54.46 1.82 0.019 0.17 0.00092 0.70 5.92
Fi ke 10 45 8.84 133.4 29.42 1.11 ND 0.078 0.00085 0.36 2.41
i 20 £ 8.81 64.64 13.84 0.45 ND 0.052 0.00078 0.18 0.94
ik 50 1 8.74 31.42 5.83 0.41 0.40 0.17 ND 0.070 0.53
ke 100 1% 8.70 14.75 2.95 2.88 0.40 0.010 ND 0.029 ND
Fean S HCO; co; SO; cr Sio, H,SiO, HBO, TDS SR
b3 (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mS/cm)
oK 169.3 406.8 190.4 1973 1509 121.5 1175 7340 7.28
g E 211.0 384.0 192.6 2015 120.8 79.15 1115 5554 7.21
ik 2 £ 56.74 210.9 88.14 927.5 671.0 92.70 540.7 2571 3.14
ke 5 £% 27.24 84.26 41.68 376.1 262.8 7733 208.4 1325 1.35
ke 10 £ 13.62 41.85 18.41 196.1 138.2 55.45 110.7 767.8 0.69
ik 20 £ 18.72 12.28 9.03 92.27 69.11 33.85 54.68 336.4 0.35
i e 50 1 7.38 7.25 3.90 39.32 29.34 7.07 2225 134.2 0.18
ke 100 1% 8.51 2.23 1.91 20.21 15.13 3.50 11.25 70.26 0.067
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Fig. 1 The TEM patterns and SEM patterns of colloidal particles.
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Fig.2 The EDS spectrum of colloidal particles.
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Fig.3 The FTIR spectrum of colloidal particles.
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Analysis and Characterization of Colloidal Particles in Yangbajing
Geothermal Water, Tibet

LIU Gaoling1 , JIANG Zhenzhen', LIU Gaobo*, WU Guoa’ongl , SU Siqiang1 . ZHOUHuia’ong1 ,
ZHUO Magquxi', HU Yayan', LI Mingli"
(1. Central Laboratory of Geological Mineral Exploration and Development Bureau of Tibet Autonomous Region,
Lhasa 850033, China;
2. Power Operation Department of Petro China Liaoyang Petrochemical Company, Liaoyang 111003, China)

HIGHLIGHTS

(1) There are colloidal silica particles in the geothermal water of Yangbajing, with an average particle size of
80.83nm, which makes it easy to adsorb metal ions in the geothermal water.

(2) The strong adsorption capacity of SiO, colloidal particles for cesium is one of the reasons for the formation of
geyserite in Tibet.

(3) The content of SiO, colloidal particles is the difference between SiO, measured by ICP-OES and H,SiO,
measured by UV-Vis.

(4) Si0, measured by ICP-OES and H,SiO; measured by UV-Vis have different meanings and cannot be converted
into each other.

Geothermal water containing Geothermal water
Si0, colloidal particles containing H,SiO,

Filtration i T

Precipitate

ity
(s

e s 5

Ay o

Opal containing REEs ggﬁ Opal containing cesium
REE:s silica < ] ;,. 2! [ > Cesium silica
Dehydration aging W‘: Dehydration aging
Opal

ABSTRACT

BACKGROUND: The hydrochemical characteristics of geothermal water include various information such as
geological, structural, fracture, alteration, and environmental changes during its formation. It is particularly
important to analyse various components in geothermal water accurately.

Tibet is rich in geothermal resources, and some geothermal water contains colloidal particles. It is of great
significance to study the morphology, composition and structure of colloidal particles for understanding the
relationship between the material sources of geothermal fluids and colloidal particles. The generation and
precipitation of colloidal particles can affect the turbidity, conductivity, and partial cation content of geothermal
water. It is not easy to obtain naturally formed colloidal particles in geothermal water, so there are few reports on the
analysis of colloidal particles in geothermal water.
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OBJECTIVES: To analyze colloidal particles in geothermal water accurately by multiple methods, and understand
the relationship between colloidal particles and opals, and the impact of colloidal particles on the analysis of other
elements in geothermal water.

METHODS: By comparing the changes in the main components of the water samples before and after filtration, the
composition of colloidal particles was inferred. The composition and structure of colloidal particles in the filtrate
were characterized by scanning electron microscopy (SEM) and other instruments. The particle size of colloidal
particles in geothermal water was measured by laser particle size analyzer, the morphology of colloidal particles was
characterized by transmission electron microscope (TEM) and SEM, the characteristic spectrum peak of colloidal
particles was measured by Fourier transform infrared spectroscopy (FTIR), the main composition of colloidal
particles was analyzed by energy dispersive spectrometer (EDS), and the content of silicon in geothermal water was
determined by inductively coupled plasma-optical emission spectrometry (ICP-OES) and ultraviolet-visible
spectrophotometry (UV-Vis).

RESULTS: The colloidal particles in geothermal water are colloidal silica particles. High levels of silica in
geothermal water are present in the form of soluble silicic acid and colloidal particles. The average particle size of
the colloidal particles is 80.83nm, which is related to the formation of cesium silica and the enrichment of light rare
earth elements. The colloidal particle can be analyzed by ICP-OES method, but cannot show color with ammonium
molybdate, resulting in a significant difference in the results of using UV-Vis and ICP-OES to determine silicon in
this type of water. ICP-OES is a more suitable detection method for geothermal water with high silicon dioxide
content. Silicon dioxide can be directly measured whether it exists in the form of metasilicic acid or colloidal
particles.

CONCLUSIONS: The research shows that the presence of colloidal particles increases the turbidity, but not the
conductivity, of geothermal water. The results show that the high content of SiO, in geothermal water co-exists in
the form of metasilicate and colloidal particles, which can be analyzed by ICP-OES but cannot show color with
ammonium molybdate. The content of SiO, colloidal particles in geothermal water can be obtained by calculating
the difference between SiO, measured by ICP-OES and H,SiO; measured by UV-Vis. SiO, colloidal particles are
relatively stable and not easy to precipitate. SiO, colloidal particles will adsorb metal ions in geothermal water
during the filtration process.

KEY WORDS: geothermal water; SiO,; metasilicic acid; colloidal particles; energy spectrum-scanning electron

microscopy; inductively coupled plasma-optical emission spectrometry

Sk spring in Tibet[J]. Geological Review, 2019, 65(Z1):

(1] ZEEAL, 235, £, 55, VI A 2058 Kb 22 R AE & 3-4.
HY BRI I]. A, 2015, 34(3): 209-216. (3] 387, Fhax i, Rmbhes, 6. VURTE S SR K A2 AR
Li M L, Duo J, Wang Z, et al. Hydrochemical ST ). B E, 2019, 65(Z1): 21-23.
characteristics and material sources of the Riduo thermal Guo N, Sun H X, Li H T, et al. Hydrochemical
spring in Tibet[J]. Carsologica Sinica, 2015, 34(3): characteristics of Jueyong hot spring in Tibet[J].
209-216. Geological Review, 2019, 65(Z1): 21-23.

(2] Z=mfte, 907, has B, 55, VU iAr A0 K A~ R AR (4] B0, MLLEE, XURRAK, 5. PRI A R 4 SR K SCHL Bk
S [T]. HFE T, 2019, 65(Z1): 3—4. AL ZARAE R G IR 7] 7K SCHL R TR, 2019, 46(4):
Li H T, Guo N, Sun H X, et al. Analysis of 1-9.
hydrochemical characteristics of the Chazi thermal Zhang X, Hao H B, Liu K L, et al. Hydrogeochemical

— 1162 —


https://doi.org/10.11932/karst20150302
https://doi.org/10.11932/karst20150302
https://doi.org/10.16509/j.georeview.2019.s1.002
https://doi.org/10.16509/j.georeview.2019.s1.002
https://doi.org/10.16509/j.georeview.2019.s1.011
https://doi.org/10.16509/j.georeview.2019.s1.011
https://doi.org/10.16030/j.cnki.issn.1000-3665.2019.04.01

£ 6 1]

e,

&, A PUREOHLIX T I M PROK AR 70 M5 R AE

a2t

[5]

[6]

[7]

[8]

[9]

[10]

[11]

characteristics and formation of the Ivory Spring in
Jiacha County of Tibet[J]. Hydrogeology & Engineering
Geology, 2019, 46(4): 1-9.

AN, JAVN, SKEEST, 5. g I B i) B 1l SR K
2 T R] A8 28 R ik K PR L] 7K Sl ot T 7 3l ot
2019, 46(3): 70-80.

Tan M R, Zhou X, Zhang Y Q, et al. Hydrochemical and
isotopic characteristics and formation of the Mengajie
hot spring in Menghai County of Yunnan[J].
Hydrogeology & Engineering Geology, 2019, 46(3):
70-80.

XUB I, A4, s, S5, 2 g B A ) Ji SR 7K S
BRAL 2 R AE AR 23 A7 (7). s R BIF 5, 2020, 43(2):
278-286.

Liu C L, Wang G C, Shi Z M, et al. Hydrogeochemical
characteristics and formation of the Liuhuangdong
spring in Yunnan Province [J]. Journal of Seiemological
Research, 2020, 43(2): 278—-286.

XUBAZE, fa]iE, 52 Jo M0, 2. 2 T IX b oK fh 2 R AE
K AR R B L], HERRL2E, 2020, 45(6): 2221-2231.
Liu M L, He T, Wu Q F, et al. Hydrogeochemistry of
geothermal waters from Xiongan New Area and its
indicating significance[J]. Earth Science, 2020, 45(6):
2221-2231.

EAL, AL, BhaE, 55 B S S B TR R P
T E P H 2SR UK T 1R R e R (T,
N, 2015, 34(3): 302-307.

Wang Z, Li M L, Shao B, et al. Determination of 11
major and minor elements in geothermal water of the
Riduo hotsprings from Tibet by inductively coupled
plasma-optical emission spectrometry[J]. Rock and
Mineral Analysis, 2015, 34(3): 302—-307.

PR, IR, s, 45 i WA 55 B T R 5t
DT i I L BROK P B (9], S I, 2017,
36(3): 239-245.

Li Q C, Zhao Q L, An M G, et al. Determination of
sulfide in geothermal water by inductively coupled
plasma-optical emission spectrometry[J]. Rock and
Mineral Analysis, 2017, 36(3): 239-245.

Wi, o, 2828, 55 iUBR & 55 B TR L1
K CTE RN E M BROK PR Bl S B R (T,
FALAT I (L2531, 2018, 54(8): 911-915.

Chen L L, Tao Z T, Yuan X T, et al. ICP-AES
determination of potassium, sodium, calcium, and
magnesium in geothermal water[J]. Physical Testing
and Chemical Analysis (Part B: Chemical Analysis),
2018, 54(8): 911-915.

LT, XA, EAL, 5. B G B IR R

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

05 o V4 M DX b BAOK P A el e R 0 A I,
2016, 35(5): 475—4380.

Jiang Z Z, Liu G L, Wang Z, et al. Determination of
trace elements in thermomineral waters of a high altitude
area by inductively coupled  plasma-mass
spectrometry[J]. Rock and Mineral Analysis, 2016,
35(5): 475—480.

Jahan S, Alias Y B, Bakar A F B A, et al. Transport and
retention behavior of carbonaceous colloids in natural
aqueous medium: Impact of water chemistry[J].
Chemosphere, 2019, 217: 213-222.

Xu H, Xu M, Li Y, et al. Characterization, origin, and
aggregation behavior of colloids in eutrophic shallow
lake[J]. Water Research, 2018, 142: 176—186.

Tanaka M, Takahashi K. Identification of chemical
species of silica in natural hot water using fast atom-
bombartment mass spectrometry[J]. Instrumentation
Science & Technology, 2005, 33(1): 47-60.

Otsu E, Etou M, Ohashi H, et al. Quantification method
of size distribution of polysilicic acid in supersaturated
silicic acid solution[J]. Analytical Sciences the
International Journal of the Japan Society for Analytical
Chemistry, 2013, 29(3): 333.

B, ICL, AR, G VAT 5 AR AR TH, SifiE
£ e 5 R g FL AR B 5T 0], R BF 9T, 2012, 20(3):
43-47.

Luo W, Zhao Y Y, Ren E F, et al. 'H and *’Si MAS
NMR of the geyserite in Tibetan Gulu area, ChinalJ].
Journal of Salt Lake Resrarch, 2012, 20(3): 43—47.
Elenga H I, Tan H, Shi D, et al. Elemental distribution
and partitioning law between the geothermal water and
associated deposits for a typical geothermal system with
large-scale siliceous sinter deposits in the Tibet[J].
Geochemistry International, 2021, 59(13): 1258—1273.
. TR A ) B Stoberth i £ SiO 4 T [D]. £
A EARORE, 2021: 1-121.

Dong H. Preparation of silica particles by quaternary
ammonium compounds assisted Stober method[D].
Changchun: Jilin University, 2021: 1-121.

Shimada K, Tarutani T. Gel chromatographic study of
the polymerization of silicic acid[J]. Journal of
Chromatography A, 1979, 168(2): 401-406.

Arnorsson S, Bjarnason J 0, Giroud N, et al. Sampling
and analysis of geothermal fluids[J]. Geofluids, 2006,
6(3): 203-216.

Verma M P, Izquierdo G, Urbino G A, et al. Inter-
laboratory comparison of SiO, analysis for geothermal

water chemistry [J]. Geothermics, 2012, 44: 33—42.
— 1163 —


https://doi.org/10.16030/j.cnki.issn.1000-3665.2019.04.01
https://doi.org/10.16030/j.cnki.issn.1000-3665.2019.04.01
https://doi.org/10.16030/j.cnki.issn.1000-3665.2019.03.10
https://doi.org/10.16030/j.cnki.issn.1000-3665.2019.03.10
https://doi.org/10.3969/j.issn.1000-0666.2020.02.009
https://doi.org/10.3969/j.issn.1000-0666.2020.02.009
https://doi.org/10.3969/j.issn.1000-0666.2020.02.009
https://doi.org/10.15898/j.cnki.11-2131/td.2015.03.007
https://doi.org/10.15898/j.cnki.11-2131/td.2015.03.007
https://doi.org/10.15898/j.cnki.11-2131/td.2015.03.007
https://doi.org/10.15898/j.cnki.11-2131/td.2015.03.007
https://doi.org/10.15898/j.cnki.11-2131/td.201612120181
https://doi.org/10.15898/j.cnki.11-2131/td.201612120181
https://doi.org/10.15898/j.cnki.11-2131/td.201612120181
https://doi.org/10.15898/j.cnki.11-2131/td.2016.05.005
https://doi.org/10.15898/j.cnki.11-2131/td.2016.05.005
https://doi.org/10.1016/j.chemosphere.2018.11.015
https://doi.org/10.1016/j.watres.2018.05.059
https://doi.org/10.2116/analsci.29.333
https://doi.org/10.2116/analsci.29.333
https://doi.org/10.2116/analsci.29.333
https://doi.org/10.1134/S0016702921100037
https://doi.org/10.1016/0021-9673(79)80010-2
https://doi.org/10.1016/0021-9673(79)80010-2
https://doi.org/10.1016/j.geothermics.2012.06.003

HO

5 6 1]

i

2023 4E

http: //www. ykes. ac. cn

[22]

[23]

[24]

[25]

PR, BIALR, J7RE, 4. 1 I XRF-SEM-XRD-FTIR%
I3 IRE MBI ST I K W 2R WA (B A B )5
55tea ik (1], A4 0, 2014, 33(6): 795-801.

Yan J, Hu X C, Fang B, et al. Study on the mineralogical
and optical characteristics of blue opal from Lishui
investigated by XRF-SEM-XRD-FTIR[J]. Rock and
Mineral Analysis, 2014, 33(6): 795—801.

SR T VLN K 8 A R AT R AR
2 [D]. dtat: HrE ML BT K2 aY), 2018: 1-86.

Zhang C. Study on the gemological and mineralogical
characteristics of blue opal from Lishui, Zhejiang[D].
Beijing: China University of Geosciences (Beijing),
2018: 1-86.

Curtis N J, Gascooke J R, Pring A. Silicon-oxygen
region infrared and Raman analysis of opals: The effect
of sample preparation and measurement type[J].
Minerals, 2021, 11(2): 173.

TR VY B R DX AR AR 0 A A IR o B o e i £
BB TR (D] Abnt: [ #BRFEBE, 2006: 1-119.

Wang H L. Accumulation of cesium by microorganisms
and role of microorganisms in the formation of cesium-
bearing geyserites in geothermal areas, Tibet[D].
Beijing: Chinese Academy of Geological Sciences, 2006:
1-119.

— 1164 —

[26]

[27]

[28]

[29]

[30]

ARMS R, B, TR 2r. At LI R X B R A A
K oHr (0], SR 2E4R, 2015, 21(1): 155-162.

Zou P F, Qiu Y, Wang C H. Analyses of the genesis of
Tangshang hot spring area in Nanjing[J]. Geological
Journal of China Universities, 2015, 21(1): 155-162.
R/INHE. B M B A U W R 2R % o i e R AT
FE[D]. Ki%E: REH TR, 2015: 1-67

Song X Y. Research on adsorption performance of dye
onto opal and heavy metals onto opal-dye sludge[D].
Dalian: Dalian University of Technology, 2015: 1-67.
Choppin G R, Pathak P, Thakur P. Polymerization and
complexation behavior of silicic acid: A review[J].
Main Group Metal Chemistry, 2008, 31(1-2): 53—72.
A, XU TT, BROCPS. P2 M S A AR Bk
A2 R IR S B b B 2 SC L), UAR2A 1R, 2013, 31(6):
1031-1040.

Niu X S, Liu X F, Chen W X. Travertine in south bank
of Dogai Coring, Tibet: Geochemical characteristics and
potash geological significance[J]. Acta Sedimfntologica
Sinica, 2013, 31(6): 1031-1040.

Watanabe Y, Amitani N, Yokoyama T, et al. Synthesis
of mesoporous water[J].

Scientific Reports, 2021, 11(1): 1-9.

silica from geothermal


https://doi.org/10.15898/j.cnki.11-2131/td.2014.06.006
https://doi.org/10.15898/j.cnki.11-2131/td.2014.06.006
https://doi.org/10.15898/j.cnki.11-2131/td.2014.06.006
https://doi.org/10.3390/min11020173
https://doi.org/10.16108/j.issn1006-7493.2014119
https://doi.org/10.16108/j.issn1006-7493.2014119
https://doi.org/10.16108/j.issn1006-7493.2014119
https://doi.org/10.14027/j.cnki.cjxb.2013.06.007
https://doi.org/10.14027/j.cnki.cjxb.2013.06.007
https://doi.org/10.14027/j.cnki.cjxb.2013.06.007
https://doi.org/10.1038/s41598-020-79139-8

	1 实验部分
	1.1 仪器与设备
	1.2 样品采集与处理
	1.3 样品测试
	1.4 测试数据质量控制

	2 结果与讨论
	2.1 浑浊度的意义
	2.2 胶体粒子对电导率的影响
	2.3 SiO2和H2SiO3分析结果的不同意义
	2.4 样品表征结果
	2.5 胶体粒子行为的影响

	3 结论
	参考文献

