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Abstract [ Objective] This paper investigates groundwater hardness control technologies to address excessive scale and suspended
scale formation after boiling tap water in groundwater supply areas. [ Methods ] Through the research on the raw water of S water
treatment plant( WTP) in a northern city, it was found that although the groundwater was blended with surface water, there was still a
large amount of scale, which affected the visual perception of water quality and the trust of users. Therefore, a variety of analysis
method such as ion chromatography, X-ray diffraction, and scanning electron microscopy were adopted to analyze the composition and
structure of the scale, and experiments on controlling the generation of scale, such as the water mixing method, pH adjustment method,
and aeration stripping method were carried out. [ Results ]  Compositions of the suspended scales and the precipitated scales were
essentially identical, predominantly consisting of aragonite-type calcium carbonate. The particle size of the suspended scale was slightly
smaller than that of the precipitated scale, and its shape was finer. The result of exploring the method for controlling scale indicate that
the law of scale reduction was that the precipitated scale was reduced first, followed by the suspended scale. When water was added to
make the total hardness lower than 179. 6 mg/L, there was less precipitated scale and less suspended scale after boiling. When the
water was diluted to make the total hardness lower than 70. 8 mg/L, no obvious scale was generated. Meanwhile, adjusting the pH
could change the existence form of carbonate to reduce scale formation. [ Conclusion] For WTPs capable of water blending, the
blending scheme can be adjusted according to the hardness of the treated water as a water quality index. For WTPs capable of pH

adjustment, carbonic acid exists in the form of carbon dioxide in an acidic environment, and it is not easy for calcium carbonate to be
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produced. The combined use of aeration stripping and pH control can effectively reduce scale. WTPs can also promote the precipitation

of calcium and magnesium ions by carbon dioxide aeration and adjusting the pH to alkaline, to achieve the purpose of reducing hardness

at the user end. This paper provides a theoretical basis and practical reference for hardness control technologies in groundwater plants.

Keywords groundwater precipitated scale suspended scale calcium carbonate aeration with carbon dioxide pH adjusting
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Fig.3 Fourier Transform Infrared Spectrometer Scanning

Images of Suspended and Precipitated Scales
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Tab.2 Water Quality of Raw Groundwater

BRE R/ Ca/ Mot/
KA pH K - ‘ §
(mg-L7") (mg-L_l) (mg-L_l)
HWRKEK 7.4 500. 9 126. 1 45.2

2.2.1 Kk

Ry P R TRl AR K T 384T 5K L A
AT ER G AliK 5 T KR S K e S5 4 B ek
MK TR KR F ) SR ST A SR R TR K
I FNTTE K I AT A0, A IR B 8%z, oK T 5K
U EE A B L AR SO RGN A K 1 5
IKEE, 5 AR 7K 5 % K ) S R S R Uk S 4l

IR SR T LU S5 R
KAl 5 T KA 5, 5K B Coye © Chyioe
A3 0.6:1.001:1.1.6:1.0.2.2:1.0,2.8:
1.0.5 ¢ 1, 5K G KUK AE Ca™ Mg™ ¥R TH5 0L
SR EE A3k 296. 6.224.8 179.6 .145.3 122. 6.,
70.8 mg/L, XIHE 6(a) B 6(b) 5E 6(c) K
atiil, B 6 (c) MK BURE A 6(a) (K 6
(b) 5B FH P 4227, P /KA s B2 IR T 179. 6
mg/L i, 5 5 A IR AT LK 3 50, H & 6 (f) 1T
1, Y KRE B E AR T 70. 8 mg/L I, TE A K IR AR
o XFLLIE 6(a) ~ I 6(F) K3, R RaliK e,
TOKFERE RS 5, TORE K IR 08/ B K3 fE il

B 6 4i/k5H T KK E &0k

Fig. 6 Scale after Boiling the Mixture of Pure Water and Groundwater
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Fig. 7 Scale after Boiling the Mixture of Surface Water and Groundwater
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Fig. 8 Formation of Scale after Boiling the Groundwater after pH Adjusted

i, KR 5 AT R UUE  [UE DR, X
Al TRERGT, Kb =2 L Co, B Af7
AR Ca™ =4 CaCO,, M4V pH ZE M4
4, pH FHEJE K kIR 2L cOT Ui, 3k
IKEERE G A K o R & 5 K R Ca™ VR
FRPEIRSE R KEER G CaCO, MrHAR/D , Ca J5LAES
FIERXAFTE T oK b, otk 26 58 — i FE A i T
Ca™ [ #T i {1247k P CO, 4l HCO; J5 54 4
W2 KGRl g, R, ARk — 20 I i T g
2Bk HCO; RIS,
2.2.3 BESLRR HCO; il

K HCOS 2K I AE ) F LM R Z — .

A SO 2 A7 e B B P R A ik, (R R R
I8 pH ZRRPESAMF, ik iy HCOS B 4Eh €O, , 2R
Je R AR, 1) 7K RE o 3 2258 A 25 SR RO
KH €O, IFF il pH, XK FESEAT 8 3 0 B, AR
RYFHFHAEDL, R 9 iR, KHBE a b c.d A pH
HIBWZE 6.0 2247, KFE a RIEATHEAL B, J4 15
pH HH 6.0 & 7.5, /K& b #1770 <, ¥ pH
EHERE 8. 0, & Wb 5 /KU Az it B s 2, SR
IR B A K I KRR SR A 25 <P Y COo,
JELL CcOy IERArAe L AR &=k G, KB ¢
28 NaOH VRS 23 b CO, J5 3l AJKHE 745
LB pH HIRSE 8. 0, KFEE W 5 LT, VA



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 ,No. 12,2025
December 25th, 2025

BFOKYR, UA IR 25 Bk HCO; J& , B K #R 4k T
B 25 A A RE P ) K R A2 i, KRR 4 o g
DB pH HBRERE 7.5, &5 K IR i A
HD R ETEKYR, U2 BRK R HCOS By R
il pH 2 vk wl DUA 0 b K 35 i A, T
WG A KFEE TG Ca® Mg™ Wk 3 FR, 1t
TRVRE B 2k AR RE B Ol 525. 1 me/L, )R,

JKAE d R R R R, B R KR a BRSO 422.2
mg/L, KFE b BAEEEE N 421. 4 me/L, /KEE ¢ BB
b 443.2 mg/L, KEE d BN 510.0 mg/L, Hrh
FWBIT Ca® WD, Mg W FE T EAIE PR LR A
RS R ik T DA R B K T cos K
HCO; 3l H S Ca® JE i CaCO, YLUE, I8 /KI5 1)
Frihis

B9 T FoK pH + BEUR ZHE KSR
Fig.9 Scales after Groundwater Boiled with pH Adjusted and Aerated

R 3 PN pH + B IRIKEERERE A Ca™ Mg™ Wk
Tab.3 Hardness and Calcium and Magnesium lon Concentration

in Water Samples Treated by pH Adjustment and Aeration

Kk EEETEI/ Ca2+: Mgz*/]
(mg-L7) (mg-L7") (mg-L7")
JK 525.1 137.0 44.6
IKEE a( B 422.2 83.5 52
IKEE b(EBIE) 421.4 83. 4 51.9
K c(EWRIF) 443.2 101.7 46.1
KEE d(EHB)E) 510.0 123.0 49. 4

2.2.4 CO, BES+HTY pH £ Ca™

BARWEE HCOS 1Y 77 7 AT LAY 7K 35 A 1, (H
Ca® Mgy BRAFAE K, Y i (R B, 25 <o
() CO, Al ATKARIG  AT5AFAE 2k J5 A= K3 FT RE,
IR A S S R TR SRR AR A T i K AR
R, R, B R R BRIKAE T Ca® Mg KRR
T I A KR FEA CO, FF08 H NaOH 35 0 9 35
pH ZHEMEAE I Ca® Mg™ HT i, LIk B ALK 1A 1Y
Hi, & 10 fios, mKFEH A CO, J5 35 7K
e pH A & 11 J5 # &, Ca™, Mg™ b CaCO,,
Mg(OH), BB M i AT F 4l fifi 1] NaOH 5
9 pH MIHT IR BT FEA CO, SRR pH BY/KHE
) Ca® B E M 137.0 mg/L [4%E 5. 1 mg/L £
B B A AR B 35 P T B 2 O pHL (L 2R 11 PYOKAE,

Ca™ R 1 137.0 mg/L & & 21.3 mg/L,
I, Al i A CO, B HCO; 1977 =X Bk h
Ca®* 1977 2800 FH P i K IG A 18

B 10 B A CO,/ KA CO, JFHH NaOH & I
pH HZE 11 )5 BRI H
Fig. 10 Scale Formation after Adjusting the pH
Value to 11 with or without Carbon Dioxide

3 it

AR HL T KA K X [ kK & 5 7k 2 2
A ETRKIR A )R, T R b T K K T R K IR 7 i
(IBIFSY . 38 3 XK 3G 1A 7 L AR 5 2T A3 53 B
F1XRD Z3#r & B, 22 K3 AT IE K 3G 32 2o 34
K CaCO, , FE AR A, BT KR RAR /N T 0T
TEIKIG EOBARE AN /N, 38t SaK i ke 0 2 S
T 179. 6 mg/L B, 2l J5 UL o€ /K I BH b, 5
A D B K s S FE AR T 70. 8 mg/L ), TG



i AL,S B I

BT R R BT A T KR RE PR AR R

Vol. 44, No. 12,2025

WK A, KT RTAR A S PR B0 , vl 4 A A
K EERIHEAR , 18 3RO L1, 4 ok
TIE R RE R,

I3 il U K R RR R 1 A7 R 0K AR
Wi 7K Y e, R 26 A T B R 2 22 L €O, JE A7
FETF KA AR A2 s A . K Wl i g #E4T Co,
BRI R4S pH 22 R (2 7K I A 8, DA 31 2%
ROk b Ca® B FLAY , TSR/ FH P s K 05 A 1

S 3k

[ 1] FEOE. MRCT-ArE RRIG T 20 A R AR A K A REL 3 37
MBFSE D], V% PE SRR, 2018.
WANG Z Q. Acid-alkali balanced aeration scale removal process
acid amount model and new acid scale inhibitor[ D]. Xi’an:
Xi'an University of Architecture and Technology, 2018.

[2] ZEWhs. ZoomberK A RbUE X /KI5 Y 3 BR AL e S5 HIL I 0F 52
[D]. V4. PHSRFRHELAS:, 2024,
LI J Y. Study on the efficacy and mechanism of scale retention by
combined sand filtration of end-fired water[ D]. Xi’an; Xi’an
University of Architecture and Technology, 2024.

[3] HRHGWEEHAR, BERMEEERG 2 AERH
IR TERRHE: GB 5749—2022[ S]. dbnt. HEARIE S ATAL,
2022.
State Administration for Market Regulation, National Standardi-
zation Administration. Standards for drinking water quality: GB
5749—2022[ S]. Beijing: Standard Press of China, 2022.

[4] #Hh ETEIEEMNEKRTEEELT]. SRR,
2019(14): 170-171.
XU D. Determination of total hardness in water by ion

Modern Science and

chromatography [ J ]. Agricultural

[6]

[8]

[10]

Technology, 2019(14) ; 170-171.

Wi, BUSFoe, ZNE. JLRRE WK BRIR £ W) 1 21
WOLIERHEI N[ J]. 5905, 2015, 35(4) : 37-42.
YANG N, KUANG S Y, YUE Y H. Infrared spectra analysis of
several common anhydrous carbonate minerals [ J]. Mineralogy
and Petrology, 2015, 35(4) . 37-42.

SR, SRR, FRLLAE, A BRALTE 1 — S0 ST BT ST
BHUEHRBI )], P ER AR, 2002(2) : 46-48.

ZHANG L, ZHANG Z, GUO H D, et al. Studies on preparation
of uniform aragonite whisker by carbonation process and
mechanism[ J]. China Powder Science and Technology, 2002
(2): 46-48.

KOJIMA Y, SADOTOMO A, YASUE T, et al. Control of crystal
shape and modification of calcium carbonate prepared by
precipitation from calcium hydrogen carbonate solution [ J].
Journal of the Ceramic Society of Japan, 1992, 100 ( 1165):
1145-1153.

BRI, MO8, BRI, 4. SCABRIRES M A il 25 5 N
PERELT]. BPRESR, 2007(9) :33-35, 47.
SHAO M H, FU M, WEI X P, et al. Preparation and
application progress of aragonite calcium carbonate whisker|[ J].
Materials Review, 2007(9) : 33-35, 47.

. L IEFRS ARG SR T S BLYR HLEAT S [ D], I
R . IS Tal k2%, 2013.

ZHANG X. Study on crystal analysis of scale of power plant
circulating cooling water and mechanism of scale inhibition[ D].
Hohhot ; Inner Mongolia University of Technology, 2013.

KK ERSERTAREN P E SR ERSH[D]. R
e ARRHERY, 2020.

ZHANG F. Equilibrium and stability of floating and exotic
capillary systems[ D]. Wuhan; Huazhong University of Science
and Technology, 2020.

(L% 54 1)

[12] DU X, HONG M, YANG Y, et al. Removal mechanisms of
aqueous Cr ( VI ) by anaerobic fermentation sludge [ J ].
Environmental Technology, 2023, 44(26) : 3975-3987.

[13] WANG L, LIU C, FAN X, et al. Methane promotion of waste
sludge anaerobic digestion: Effect of typical metal meshes on
community evolution and electron transfer[ J]. Water, 2022, 14
(19) . 3129-3129.

(14]  wsi. BETTEOK) A7 Bk B2 2 MEFsE[ D). P94 14
LHFRE R, 2011,

HUANG Z. Research on safety of wastewater reuse in municipal
water treatment plants [ D ]J.  Xi’an: Xi’an University of

Architecture and Technology, 2011.

[16]

B, R0, B, TR B Bk HEJE K R
BERIR SIS BT [J]. WAL T, 2019, 48 (10): 2300 -
2303, 2307.

TONG Z G, WU Z S, ZHONG C L. Experimental study on
coagulation and synergistic effect of sludge water reuse in
Nanchang water treatment plant of Ganjiang River[ J]. Applied
Chemical Industry, 2019,48(10) ; 2300-2303, 2307.

SN oK) HEPE K I S8 % A IR AT 5T (D).
B AR K, 2019.

WU Z S. Experimental study on parameters and safety of sludge
water reflow in water treatment plant[ D]. Nanchang: East China

Jiaotong University, 2019.



