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The effect of magnesium concentration on polymorphs of calcium carbonate
from Qinghai Lake water at room temperature
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Abstract: The Qinghai Lake is the only modern inland saltwater lake in China where dolomite, calcite and arago-
nite are reported to coexist in lake bottom sediments. To discuss the influence of magnesium on the polymorphs of
calcium carbonate, the authors chose Qinghai Lake water and sterilized Qinghai Lake water as the reaction solution
and CaCl, and MgCl,- 6 H,O as the reactants, and precipitated calcium sulfate and calcium carbonate by the meth-
od of variable-controlling with different concentrations of Mg** at laboratory room temperature. When only CaCl, was
added into Qinghai Lake water, gypsum (CaSO,- 2 H,0) and vaterite (CaCO,) were precipitated. However, when
CaCl, and MgCl,- 6 H,0 were added together into the lake water, gypsum disappeared, and the synthetic products
changed to calcium carbonate, including calcite and vaterite. When Mg®* concentration in lake water water
increased to 0. 62 mol/L, vaterite disappeared, and the products were composed of calcite and aragonite. With the

increasing of Mg®* concentration, the content of aragonite rose steadily, while content of calcite decreased gradually.
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When Mg”* concentration rose to 1. 22 mol/L or higher, calcite disappeared completely, only aragonite was precipi-

tated from the solution. These results indicate that the SO3 in lake water inhibited the formation of CaCO, under the

condition of no or very low concentration of Mg>*. However, when extra Mg™" added into the lake water, they could

release the inhibition of SO;, and then Ca™ were free to combine with HCO; and CO3 to form calcium carbonate.

In addition, the polymorphs of synthetic calcium carbonate was obviously controlled by Mg concentration. With

the increase of Mg”* concentration in the lake water, calcite and vaterite were no longer stable, while aragonite was

gradually dominant. When Mg/ Ca reached 6. 1, only aragonite was stable in the reaction product.
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B ANT], Mg™ X5 ke 2 5 45 i A= K 149 52 1) 6 AN () BF
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W) A T A 45 B ARG, A6 A oA HI/T 91-
2002 ( Hb 2K TG K W HE ARG ) A I 45 SR
N WK S FAR M pH (B 8. 92 /K A BHES T &
B Na™ N, BN 2,35 x 10° mg/L, Mg™ K*#il
Ca® [RIYE B 73 5124 660,256 1 3. 37 mg/L; B &5+
CO5 HCO; MV BEBE &, 43 5 6 mol/L Fl 14. 7
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IK (R & THE AL T AT BR A A ) FIZE K,
JIT R R 43 B 4t



55 3 3 B RS FIRARIE N T WK B U B TUVE BRI S ) 5T 25 S Al i 42 573
1.3 RiEps& F 2 WEREFMWAKFTHMMCL, - 6 H,0 1 CaCl,

W BB 8 T I K 3 s T B G 5 4%
Mz, & 50 mL, B 6 ik #ic B3 1 fr
7~ FREBUR SR B Y CaCl, Nk, PO i 8
By, Bk B4 R Y CaCl, TS 25 HE Y MgCl, -
6 H,0 Finiksi K, i SIS HEHEHE 5~ 10 min
JE B B, 8T RN G L R RALT
(25+2 C) I 48 h, Fp &G Ml AT g2 B
I U8 R AR TTVE D) B UTE Y FH TEK C B k% 2
~3 UK, TR L 3 A KT A 0, SR R AT
B it X GERAT R AT A B BRI RE RS BT

h T IR T K T R ) B LS X L
Yy ml B S 1V AE S M AR IS 56 340 ) FH I T Ak 3
Ja WK T TXTIRAYSEE: (R 1.8 2) BRI
AP ELALBRANT . AE C R HRAE & LR AMRAT R
SERRS K 24 h, B 5 F 8 e B AN A
BUTT I U8 AR B K
1.4 BEMRE

KRB B U R 48 (SEM) XA TR %
PR T AR B DT TE BE S R AT T AN UL $5 B 4 HIOIR 2 0L
XK RS SR AR W AT LT S A RE R 5 L, 18T 4
SR BT TPOEE RS ECA 400 ~ 100 000,

K X G207 Y ( XRD) X TVERE ST
FHAHT, Cu B0 A7 A5 PR ) X SR AT SRS A U
KA Ped SS/DS Jy1°, RS 0. 15 mm, TAEHLE
35 kV, R 35 mA, L, K 0. 020,

F 1 BWWHEEFHAKPFRM CaCl, WX EH
Table 1 Experiment condition of adding CaCl, to two
kinds of Qinghai Lake water

FE G5 m(CaCly)/g  ¢(# Ca®)/(mol - L)
QH-C-1 1.11 0.2
QH-C-2 2.22 0.4
— QH-C-3 3.33 0.6
QH-C-4 4.44 0.8
QH-C-5 5.55 1.0
QH-C-6 6. 66 1.2
CQH-C-1 1.11 0.2
CQH-C-2 2.22 0.4
MW CQH-C-3 3.33 0.6
WK CQH-C-4 4.44 0.8
CQH-C-5 5.55 1.0
CQH-C-6 6. 66 1.2

TR E B Ca™ WA F AR, R 0. 08x 107 mol/L, 7T I
ZUEATH, R K AR Ca® WS R ER NG Ca®™ HeE

ISR SR
Table 2 Experiment condition of adding MgCl, - 6 H,O
and CaCl, to two kinds of Qinghai Lake water

N m(CaCly) c(4 Ca®)s m(MgCl, - (i Mgz+ )/
FEf i
/g (mol - L") 6H;0)/g  (mol - L")
QH-1 1.11 0.2 2.03 0.22
QH-2 1.11 0.2 4.07 0.42
QH-3 1.11 0.2 6.10 0.62
HiF  QH-4 1.11 0.2 8.13 0.82
Wi’k QH-5 1.11 0.2 10.17 1.02
QH-6 1.11 0.2 12.20 1.22
QH-7 1.11 0.2 14.23 1.42
QH-8 1.11 0.2 16.26 1.62
CQH-1 1.11 0.2 2.03 0.22
CQH-2 1. 11 0.2 4.07 0.42
CQH-3 1.11 0.2 6.10 0.62
BRI CQH-4 1. 11 0.2 8.13 0.82
Wk CQH-5 1.11 0.2 10. 17 1.02
CQH-6 1. 11 0.2 12.20 1.22
CQH-7 1.11 0.2 14.23 1.42
CQH-8 .11 0.2 16.26 1.62

B 5 AT 0.02 mol L ) Mg FHCAE M Rt
YRIGG Mg VI K FLEF Mg VRIS Z AL

FIHEE S 0~70°,
2 SLEgzE R

2.1 /KN CaCl, BT EKAYITTE

TE16) T 1 K A3 0 CaCl, BYS256 o, RS 2 Y
DUVEY XRD FAFAIE 1a fras, MEHALIE T,
UOEY A MRS A IR G, & T A 8 RHE
TSPV BT B T SR80 2E 1L, Wi K8 A1 R AT S e
Bl HO T 8845, B (E AR &%, oKk
Ca> B EE M 0. 2 mol/L ¥EANF] 1. 2 mol/L, 415 Fl
BR A B RFNEATT S (R 72 A 1 e B2 AR /N HLIC R0
A AR EUHT R AT S0, BB DTIE 0 ) IR %
A RAEBE ARIBRUAE R ENAE KK AP
REY ., 350 TUEY A Bk A A &
i, NPT LA Ca® VR EE B AR AL X F 45 2525 i
) BT WSRO R TR Y 7 VR I K 1Y) S B 4
B FAREE R, BB UURE T W) T R Fh 2
WEAEXT S IR B A (R 3 B 1b) .
2.2 §sk#n CaCl, #1 MgCl, - 6H,0 Bf4E R RYTTED

[0 P 2K 75 ¥ W /K P [ I 5 0 CaCl, 1 MgCl, -
6 H,0 , T 5 T TE W i X5 Ze i3 5 45 SR i B2 i
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The X-ray diffraction patterns of precipitate samples from two kinds of Qinghai Lake water with different Ca®* concentrations

a—ARAL B TR ; b—BR B AL LAY T 1K

a—untreated Qinghai Lake water; b—sterilized Qinghai Lake water

* 3 AABTHHMKERE Ca” RETRENT MR
HYEE
Table 3  Precipitated minerals and their relative values in

two kinds of Qinghai Lake water under different Ca**

concentrations
T o
(mol - L") HE REA

QH-C-1 0.2 95.4 4.6
QH-C-2 0.4 89.1 10.9
. OH-C-3 0.6 93.1 6.9
TRk OH-C-4 0.8 9. 1 3.9
QH-C-5 1.0 90. 6 9.4
QH-C-6 1.2 84.3 15.7
CQH-C-1 0.2 98.7 1.3
CQH-C-2 0.4 98.8 1.2
BRI H 1 CQH-C-3 0.6 77.9 22.1
Wik CQH-C-4 0.8 91.1 8.9
CQH-C-5 1.0 83.6 16.4
CQH-C-6 1.2 97.0 3.0

A AR AR S WL 4, MR 2 Rl LA
PEBS AR B TTIE Y 5 RN Ca> T3 B T vE W A
B AR, B 1 QB2 B A B R AR AT S 06 5 4
THOE, BU AR 2 (8 & B BR A5 1 3 Fob [R) S5t A4 T fi
A BREAT SO T RRIE AT S0

{335 Ca” W B 0. 2 mol/L AN ¥ Mg ¥ i DA
0.22 mol/L ZEWH % 1. 62 mol/L,XRD &% M 1A
AL (E 2) 2 Mg WM 0. 22 mol/L B ([
2a W QH-1 .18 2b H (% CQH-1) , B i 41 1
TERT 506 (20 = 29. 04°) |, [R) B 38 A BR A B4R AE AT
B (260=124.92°, 26.99°, 32.78°, 43.80°), )7 fitt

A7 PR S 06 B /b WRELAIG , BR A A B RRAE AT S5
A 22 WA Ry X U IC IO VE W) R BR i A AN
IR G Y, HUBKE A (R 4) . CTREA
AR M Mgt R BRI & 0. 42 mol/L i (& 2a H K
QH-2 & 2b "1y CQH-2) , 3R AT HURAEATT S I
1%, J5 fite A B R AEAT S W {3 I, HL7E 26 = 23. 02°
39. 38 B bt BT 9 5 il A R g, R W DTTE h
BRAT S R, Ty A S R N, Mg U B Y
%0.62 mol/L B} (E 2a H iy QH-3, K 2b H 1Y
CQH-3) , Joit J& IE # 7 i i 7K 3 2 B B 1) 75 16 1)
K UCTE ) IR T AT R S e 58 4 % FH i 81
SCA Y RETE I DTIE W) R O A A SCA IR G ).
Bl Mg™ VR B 72 T35 I, 5 A 0 R R AT 5 0
W55 , BT 2 A0 2 SO R AR AT S {3 o AR i
VLT A & T M SO S R T ., 2
Mg™ B FERE AN ZE 1. 22 mol/L B (& 2a Hl QH-6.,
&l 2b H i CQH-6) , J5 fif A2 RE AT S e 58 A 2% 1t
IHIT JE 430 0 SC A, bR, B (4% 22 4% n Mg™
( 2a Hiy QH-7 F1 QH-8 . K 2b W Y CQH-7 FI
CQH-8) , i A AL,

K H Kontoyannis F1 Vagenas (2000) f) J7 15, #R
P X ST 5 R A 04 (L 235 2 %) i T 45 DT U v O i
A IR A SO AR S S AT T, A5 R LR
4, SEEGFNTAS A BIR | IEH 7K 5 R B K BT
TEYITER W 20 B B AR b AR — 3, RIIA K
S0 R A ) XU UE BN R M T LA 20 PRI IE SR
LB AR,
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Fig. 2 The X-ray diffraction patterns of precipitate samples from two kinds of Qinghai Lake water with different Mg™ concentrations
a—ARAL PR AT HFIIK ;. b—BR AL BRI K

a—untreated Qinghai Lake water; b—sterilized Qinghai Lake water
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Table 4 Crystal polymorphs and relative content of CaCOj, precipitates in two kinds of Qinghai Lake water with different

Mg concentrations

e mean (B9 FCRMET L gy e

(mol - L_l) (mol - I.1) Jrfif R p el

QH-1 0.2 0.22 1.1 19.2 80. 8 0.0

QH-2 0.2 0.42 2.1 71.9 28.1 0.0

QH-3 0.2 0.62 3.1 66. 4 0.0 33.6

- QH-4 0.2 0.82 4.1 54.9 0.0 45.1
QH-5 0.2 1.02 5.1 25.5 0.0 74.5
QH-6 0.2 1.22 6.1 0.0 0.0 100. 0
OH-7 0.2 1.42 7.1 0.0 0.0 100. 0
QH-8 0.2 1.62 8.1 0.0 0.0 100. 0

CQH-1 0.2 0.22 1.1 23.1 76.9 0.0

CQH-2 0.2 0.42 2.1 51.7 48.3 0.0

CQH-3 0.2 0. 62 3.1 83.4 0.0 26.6

I3 T 7 1 CQH-4 0.2 0.82 4.1 35.4 0.0 64.6
WK CQH-5 0.2 1.02 5.1 35.1 0.0 64.9
CQH-6 0.2 1.22 6.1 0.0 0.0 100. 0
CQH-7 0.2 1.42 7.1 0.0 0.0 100. 0
CQH-8 0.2 1.62 8.1 0.0 0.0 100. 0

2.3 YR IRAFE I, A8 A R BR B A IR R B K (Bl 4a)

Bl 3 7R T WK Fp LA N CaCl, Frfd 2l
BRI B (SEM) %, hIK 3 W LULE
W UTTEY) B R A FIR A, A8 b PR ik
FZEHCIR AR DL B RRIR  RAR 208 20~30 wm; BR
B M GERR , Z ARSI 20 B, M5 75 A
Bk E . SEM EME SR, Ca® ¥ BE A 28 AL X UL TE
RN Z i AU

B 4 R T K RN Ca™ i Mg™ it
WRIRES UIVE FIEBARIE . 29 Mg™ WK 0. 22 mol/L

Mg™ ¥ A 0. 42 mol/L I}, BRE& AT 15 MRk, 5 i
ANE N0 ~ 15 pm WA LR AR E AR L S >
HEEMCIR LR (] 4b) . Mg™ W EEHE % 0. 62 mol/L
B, ANBRIRER T A7 58 4 2%, UUVE h IT 46 H B4R
FEFRARSCH eI e AR B R 85 |, SO fh A
K6 ~ 10 um(E 4e), 2 Mg HEHEE 1. 22 mol/L
i, 5 A RTE Je , SCF R T Sk A5 R0 Je AR SR
R (E 4d) . 4 Mg™ BIWEEA 1. 42 mol/L i}, J ARk
SCABEA BT TR AR, B0 A L P Sk 40
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Fig. 3 The SEM images of precipitate in Qinghai Lake water at different Ca® concentrations
Gp—AH ; Vu—3kTf1; U W5 #E ik HiH (2009) Whitney 1 Evans(2010)
Gp—gypsum; Vir—vaterite; mineral abbreviations after Shen Qihan, 2009; Whitney and Evans, 2010

ML (El de) . 7£ Mg™ HREEHE % 1. 62 mol/L B, #E
KA IR AR (E 4f)

3 i

3.1 Mg*5 SO} e EERNHTEM AR KIS0
RS R, SOT  Mg™ Hy X T I K
PEUCE YA B, 2T WK e RS
Ca™ JCHAM Mg™ AR, AWK v B 4 1 HCO;
(14.7 mol/L) #1 COZ (6. 00 mol/L) & Tk ¥ & T
SO #eFE(2.10%10° mg/L) ,H Ca® 5 SOT Bk
HA1E (CaSO, - 2 H,0, % & 77.9% ~ 98.7%) , 1
BREA R TR 5 1Y) 2 1 3k B (CaCO,, 1. 2% ~
22.1%) , M HFEE Ca® B34 I, TOvE W) & & LA

FnE AR # R, B A K (R 3. &1 3) , HEnl
NWFSE, FHEHIK Ca™ /Mg HeJE L ik ) T BRI Eh 1)
TOFNIK -, TR A B A AN 1R R (kKA
2013) . HI TIRFRES OV A BE /N T B FR 55 i Vs i 2
IEFIEOT, S H K I Ca™ B, RZ e Ui vE
TRIR AT f A, SR AR R S g0 45 S HI AR S, L )
EABEMIFAERIRES . Nielsen % (2016) fIF57 %1,
SOY 0 H 2 W B FERRTRES 1) e 1T , 10 i AR PR 5 1 ¢
PRI A KRR Ca> I, AT fES 1 65 cOYT 4%
B IE AR FRES I UTVE , AR5 Mk PR 85 W% Ja |, K A4 rh
() SOY 23 W R A B TR % i A% 2 18, BELAS G tE— 20 1Y)
A AR AR RS A L /NERIR B 3R A 8 X e
TR, BRERES B A KA RS BRI R E Ca™ 7R
VTR B TR 5 11 T R R 5 (5 T Hh A Y R AR
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Fig.4 The SEM images of synthetic calcium carbonate polymorphisms obtained with different Mg** concentrations
Arg— A F 5 Cal—J5 A1 Vue—IKE A ; B S HE 00 HE (2009) Whitney I Evans(2010)
Arg—aragonite; Cal—calcite; Vir—vaterite; mineral abbreviations after Shen Qihan, 2009; Whitney and Evans, 2010

SR, Y75 WA /K (Rl HE n Ca™ F1 Mg™ ), 1%
USR] T, BT AT IE ) 4 05 A ok B 45 , - G A IR 5
DUPE(FE 4 - 4), Mg™ Fl SOT e KB e —xF
SR BTN, P 22 AH B 45 6 T B MgSO; ( Mazzullo,
2009; Wang et al. , 2016) . T3 7K 0] 1h BE
BT U AT B (660 mg/L) ALERAN Ca> I, 17K

HiE S Y SOT 23 1 e R A By A=, AR T
Me™ 2 J5 WiF S SOT (45 Me™ MIZh &, lLit Ca™
L5 COy 1 HCO; 456 8 mu i iR 45 UL 3 T 2k,
TR S I UTVE TS AE T R Ca® , A5 P B
iR 5 AN R 1 2 0 A A0 DRI e L TE 0 7 ) = R B
5 A TR ) BT 2844 TN SR A
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3.2 Mg" iREXRERES B SR MR

I 4 2 4 thr] LUE Y ZETTTE ) 4 e 4 i
BRTRES 5, Mg™ ¥ B2 X Bk IR 25 [m] o7 2 AR S AL R 5 1
Py TR AR Mg R BB BT BT (BE
BT /NT4ET 0. 42 mol/L)  UTHEY N ER K A
Dy AR A, HLREE Me™ VR EESE I, Uive 9 i
BRE A A NOT A o BREAE I BRIRES 3 Fb
To/K G5 b A b 3R 27 B AR E Y AH A MR 4 B ST
FLORTER AR 200 A I (8] A HERS | B 2 B W i AR
SPHRRE WAHZS (i 3Ca) il (De Yoreo et
al. , 2015) . AU rh, Mg™ W BEAR 14 7 1153 ) 7K fiE
e KB ER A (R 4 Y QH-1) X RER A 1E
Mg Wk FERAR M IE B0 T, Bk #c A1 0] J7 il A1 e Ak 1) it
PR LR E 1Y 1 48 h Ja FIB R 1 /&8 43 09 J5 fil
A1 T Mg W BESG N5 BR A A1 (4 AF X o 1 AR
BRI R AY Me™ v DO e 1 i i 7
{175 S 25 o I 345 1 0 UE A2 A7 2 AR E B A
A, B 5 fif A2 SO (BE B TR BER T 0. 42 mol/L)
LA, Bots 45 (2011) By SE B0 W] Mg™ 2 5 B Bk £
rmd T, 23 1 SRR ARk A 1) S IR S XA AE 45
A AR A T BE SRR A TR = Me™ VR BE H AN RE
FEAATER R R Z —

WG Mg™ TR I 0 Ak 98 T, BTTE Y v I il 41 F
SCA HAR B R A A B O A B R
WAL, SO AR 25 R W K 0, B ok R A
T 1. 22 mol/ L I, PLFEMIL R A (K 4) o BT AME
FERW, Z BT LAT5 A 2 i S BB Mg™ ¥ B3
MU0, e O W Mg™ 25 7 it i 45 i A
FAAE AR T, X A AR ] FEoRIE T LT 3 A4
Tt . O Jrfg A eSS i fe v, Mg® 23 i 28 5t
[R5 77 A 7 i A1 A% TR R 43 Ca™ X x4
R7 A0 TV ik 5 XTI - 880kl AR 325 Y B A0 1)
T A 2 S A A 3R B S0 AT (Berner,
1975; De Choudens-Sanchez and Gonzalez, 2009 ) ;
@ WMF Ca™(r=1.14 A) FI Mg™ (r=0.86 A) 7B T
242 FHYZ 5 (Shannon, 1976) , Mg™ ¥ N &) 7 f# 1
AR S 7 A ) S AR 2 B AR T A TE R 7 B
T ME (Kulik, 2006); @ K& #5256 T AR IE B
Mg FEJ7 il A1 19 A= K 3 0 2 oA W 3 0 BELAS AR
(Wasylenki et al. , 2005; Stephenson et al., 2008;
Astilleros et al. , 2010) , X Ca™ i & , Mg™ A2
FEH/IN, X2 P ECEAT T 1Y far 2 R DL SR Y
KERE, 4 Mg™ W B e ¥y 3 BT, T i % 7K o

(water shell ) Y2334 in 77 fiff 43 BUAZ RLAE A 1 8l ) 2%
%75 ( Loste et al. , 2003 ; De Yoreo et al. , 2009) .
I, Mg e B g, fide A (A4 ol 4 R BA S i Xof
FICAME , BT AL ST Mg™ BikS 5
B A% Z i NS E I SCA IEH R4S AR K (Berner,
1975; Mucci and Morse, 1983) , FT LL7E & Mg™ ¥ &
THOLT , SO S SR IR PR S ME—FUE AEAE AR

TE AR ), R G Bk h - Ty il 5
“AF” Z 8] B 5% A8 (Sandber, 1983) . WFFINHN
T B K S A A A 1 i TR v K R B R Y
A B YIAR O, iK1 i) Mg/ Ca (KT 1( Wilkin-
son and Algeo, 1989) ~2( Hardie, 1996) i}, i VETLIE
AR RES 1 B SO, RZ W R T AT, AR IR S5
f2E R AE— SRR BIESE T, BV 1
AR AN T £ FE RN S R A A R R B B 6
BVER AN e K BITE T, 5 K T
TRTR 5 5 4 6 (K e ST T 75 1 Mg/ Ca fEM 6. 1 (BE
BIFWRIE 1.22 mol/L) I (EZEZE KT A K 4
I SCATIE B IGG FHE  BRARTEE K Mg/ Ca=5, b T3¢
A7 767 By B ( Wilkinson and Given, 1986; Hardie,
1996) , X ME- S AR SL I 45 R AT, LR Rk
M T D7 S O AT ) < SR AR
Mg/ Ca {E Al fig R &2 R 2 2 —  hiFid A HE R
B W Z AL, IS T O A i
]« SCAE” S ALY SCEENL I, 18 75 B2 E— 2 IR A
4 Z5ig

[ER K B B Me™ W B AR 1 % (0. 02
mol/L) , T WFIB /K HHAH X 85 /51 1) SO% #k B XT CaCO,
(I A — 5 B A R4, SO3 23 W B 76 Bk TR 5 1Y)
I 410 A TR 5 it AR A BRI Ca™ s, T
WY 2 A E M B ERE A, 7 E K
[FIB A Ca® Fl Mg™ )5 , T Mg™ F1 SO P& 456
TE R P PR T XF (MgS0Y) |, AT LA 5 SO XF CaCO,
AR, AR PR B TOvE R i L, AR Mg™ R B 2%
PR A Rk RS 1 [R] Bt 28 B AN TA] 341K Mg™
WA T 07 fiff A1 N ER T AT (R TUE s Mg™ VR 3 5
SCEUTTE YRS R 241K b M R A 1. 22
mol/L(Mg/Ca=6. 1) 5T & 0, SC A 2 M —Fo 8 £7
FERIBRIRES )
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