+ 3 (Soils), 2020, 52(6): 1263-1271

DOI: 10.13758/j.cnki.tr.2020.06.022
MR, Xz, ZEMHE, A5, APt I Rb s i AR K HLERTSY . 4, 2020, 52(6): 1263-1271.

A IRER PR AR A T R R AL IR R

b 1,2 = 2,3% s 1,2 1,2 x| = 02,3
?HHEJ/E ’ jlj - ’ Z'J"Eﬁ*ﬂ ’ /é% ;7-’& ’ i ‘7‘?, %milh‘
(1 22 MNAGE AR S A TREZERE, M 7300705 2 A ERLEBE + HEPR S 575 Yetb i 15 5006 % (B 5t HHERFSE ), Biat 2100085 3
ER2ERE R, dbat 100049)

i E: GHRTEE AT YA R S 0Y S AR T B BRI, T e A OB A (0 Vs il Rt 3 ] 0 itk A e L
AEEE L ASCEIAFWKE . R pH PR RO I i, DRkt Heb 0o it 72, SR A b L2
SERFW, FERRIMIEFAETRIOR T, SIS Ay Ca¥t, Mgt RS, BEJR ORI Ca®t ST ST AR AT IR A VT
TEo PAGHHEW R Ca®t . Mg MR R BRI (ORI I . AER[FIWIAG pH FPEERRIARCR 2 pH<T B, P Ca’t . Mg
(e BE Rl 046 pH POFHRGTREAR, Ca®* . Mg™" EE BRI P55 HY NIV . Sw04G pH=7 i, Ca™ . Mg St i
SAYIEIE Ca™ . M BT, BEE pH BT, Ca™ L Mg RIS AT BRI . SIRIIAD A 78 i S5 A e A R L 45 o 2 BE52 pHL 554
T XRD F1 SEM HY4-AT 3B, o B A e 5 LD Bt A g IR R TAE R ES TOUE , ELARANIZ AT IR R 5 85 B T A 45 f A o
FERIN B SR DK B AT B RRETIITE . ISR VA i B v By i e e R AR v, HR RSO, R O AT -

KR WIS, AR IR, AP

HRESHES: PSI12.1+2 XHERARRRD: A

Study on Corrosion Process of Coral Sand by Citric Acid

LI Pengfei®?, LIU Yun 3", LI Yuexuan" %, PAN Jie"?, WANG Ping !, DONG Yuanhua®®

(1 School of Chemical & Biological Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China; 2 Key Laboratory of
Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;

3 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Organic acid is important for rock mineral corrosion and soil formation. Understanding the dissolution process of
citric acid on coral sand is of great significance to the construction of island reefs. The corrosion processes of coral sand by
different concentrations of citric acid at different pH values were studied. The results showed that Ca®" and Mg?" in coral sand
were quickly dissolved in different concentration citric acid at first, and then a large amount of Ca*" was fixed by citric acid to
form calcium citrate precipitate. With the increase of citric acid concentration, the concentrations of Ca?*, Mg®" and citric acid in
the solution were gradually increased. The concentrations of Ca** and Mg?" in the solution decreased with the increase of the
initial pH of the initial citric acid solution when initial pH of citric acid solutions was lower than 7. Ca*" and Mg®" were mainly
dissolved by the reaction of carbonate minerals with H'. The complex formed by Ca’" Mg®" and citric acid promoted the
dissolution of Ca®" and Mg*" when the initial pH of citric acid solution was more than 7, and the concentrations of Ca>” and Mg?"
were decreased slightly with the increase of pH. The corrosion of coral and the precipitation of calcium citrate were mainly
controlled by pH. XRD and SEM analyses showed that flaky calcium citrate precipitate was formed by high concentration of
citric acid reacted with coral sand, and the precipitate from the supersaturated solution was flat regular strip of calcium citrate
tetrahydrate. Magnesium calcite was dissolved first during the dissolution process, followed by aragonite and finally calcite.

Key words: Coral sand, Citric acid, Dissolution, Calcium citrate
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VEBWIEE pH N 1. 7. 13 BRI IS AT 3h
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Fig. 1

2.2 AEREFRBRT AR

F 2A . 2B AR ERF B RRIA I Ca®, Mg™
WP AR [ AR TL 26 o o]0, MAPRRIR IR B
100 mmol/L i}, 7 1 h BFAWR T Ca®* M i, bl
JE G, 75 4 h I Ca®" W RBP4, gk
4 3.82 mmol/L, 7EMANFEH, FHAH Ca?" HE K
HOVs S, VST ATIE IR R BE R , S BUT IR S 1 45
SR RARHL, 7E 1 h, 2 h BB keSO, K&
) Ca™" I35 AT IR IR FERE S A BE L2 B TE
AT RS, Y, SFEONE R Ca® WERF
i YRk 2 10 mmol/L BF, 7E0~4 h Iy,
BE IR Ca™ MR TR, BEJR BHREAIL,
7E 36 h i Ca™" MREEIAFITA, HREEH 2.45 mmol/L,
MFFEEIRMEE N 1 mmol/L I, Ca® ¥RFEFE 1 h Ihik
B, BEGEMEMR, 76 48 h I Ca™ VR TAFITA,
PR 1.07 mmol/L, MR 4 100 mmol/L B,
Mg™ W EEFE 2 h Wil T, BEJSZ818 1T, 7
120 h B 12.84 mmol/L. YAFEERRHEEE K 10,
10 mmol/L B}, Mg® ¥ 1 h PRk TH i, KA 2%
18 EFF, 76 120 h BFHEESr 518 1.61 mmol/L
0.40 mmol/L. ¥ 2C 5 2D MFrEmMR Mk & 5 pH KER}

HEARL B X STEATHIEE R SEM B R
X-ray diffractogram and SEM photograph of coral sand

MLl ZE . 1. 10, 100 mmol/L MR A ,
WILRE) pH 2090 315, 2.41. 1.57, 16N ITFHAR
B pH WV 1T, B SO0 (O HEA T 1 TR BB T2
Wi J B N e TP A, B NS RS AP TR AW pH
S190h 826 8.33. 8.74. 1E 100, 10 mmol/L #751R
VAT, R R VAR A B A0 s B B S s/ N B I
TP, 78 | mmol/L FriEiR Y, A 52 it a]
1 Jin A FEAIR
2.3 AE#% pH MR ER A IR BARS Y220

& 3 FRANFERILG pH B 10 mmol/L Frig R
SRR AR 48 h ISV Ca™ Mg™ BUHE .
BE&E pH RITHE, WP Ca®, Mg™ BUMR B %
ik, H#ERT Ca® MR Mg™ WM 13 £5 ~ 14
f, M 1<pH<7 W}, pH X Ca®", Mg® ¥ s
K, W pH BE# Ca’', Mg wihi R/, %4 7
<pH<11 i}, pH XER T Ca*". Mg™ & M4
/Ny 7E pH R 13 FHAT R Ca®* . Mg™" WK% 0.99
mmol/L #1 0.013 mmol/L.

10 48 h AR WILG pH PR R pH 5
FEBERR MR BE(E . 24¥04h pH<7, W 48 h W pH
YW 8~9; MWt pH A 7. 9. 11 BF, J2)ii 48h
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Fig. 2 Reaction kinetics of coral sand
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Fig. 3 Concentrations of Ca®* and Mg”" of citric acid with different
pH values at 48 h

R 1 48 h B9 pH 51758 IKE

Table 1 pH and concentration of citric acid at 48 h
Wtk pH 1 3 5 7 9 11 13
SN JE pH 8.29 8.63 8.98 9.79 10.03 10.18 11.87
N I 7 R e B (mmol/L) 2.15 7.43 7.13 7.38 7.01 6.85 9.08

http://soils.issas.ac.cn



% 6 1 ZEMGREE . PR A i R R HLER Y 1267
26-( 30 -
L —a—pH=1 —e— pH=7 —a—pH=13 B) —a—pH=1 —e—pH=7 —a—pH=13
_24f 281
2 . o
- =) —
£ ; g
N =~ 24r
g 207 o
& ®
= 4F e L
@] | N%D 22~
e ———8—°
2k e ——  * 02l P
pure —h A4
0 - 1 1 1 1 0.0 SA—Ap A A n At A
0 10 20 30 40 50 0 10 20 30 40 50
HsF ] (h) HsF (] (h)
12 16 -
(©  _a—pH=1—e—pH=7 —a—pH=13 (D)
ol e P 14 —=— WIpH=1 —e— I HAPH=7 —a—H]kpH=13
B A
N —y RF \aa A .
E I § - 10F wwa—o—8—90 o o
w6 %_ 8t AT S u
X
£ | i ar
2F Y SN N - "
2 -
[ ]
0 1 1 1 1 1 1 0 1 1 1 1 1 1
0 10 20 30 40 50 0 10 20 30 40 50

IS 1) ()

IFfi] (h)

(A. Ca*" WREARE; B. Mg™ kAL C. MR ARk D. pH 281k)
4 A[E pH T 10 mmol/L #THRE& & P AR E F & pH FERTE B9k

Fig.4 Changes of different ions and pH with time in 10 mmol/L citric acid solution of different pH values
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Fig. 5 XRD of solids after citric acid reacted with coral sand for 120 h
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x2 152100 mmol/L) SPHHIES R 7 120 h f[F
E+BEB 5> LA R
Table 2 Solid phase fractionation after citric acid (100 mmol/L)
reacted with coral sand for 120 h

FPEERIKIE  BETfRA Son i KATERES

(mmol/L) (gkg) (gkg) (gkg) fi(gke) (gkg)
100 130 110 50 710 0
10 330 550 80 0 40
1 360 560 80 0 0
0 380 570 5 0 0

6 27 100 mmol/L #7151 SHIAL s 1 h J&

R B — BE ) S R 2T 4N L 7E 4 000 ~
0.5}F

041

jﬁ 03l

02}
0.1
0.0

2000 cm™ HAT—AE, BLEA ML A L&A —4
B, fEIELCIX, 1614.6. 15393, 1076.4,
886.7 cm’' YA VUK ARG RS 1 R AR % TR
Ub, DR S R DK A R R S R0 B 7 43 R
W5 100 mmol/L ¥R S IIRD S0 1. 8. 120 h
Bf AR &R 4 9 XRD 1% &, 430iis ] Jade 6.5 X3
YIAHLL S B B A T o3 S5 5R R 3 iR, fE 1 h
W, BRIy A WERRAL; 7E 8 h B A S &
HREAR, IR D E AT SRR DUTE Y A4 8 7E
120 h B, SEJ7 A5 3CA W &R TR, I
A K R AT R B UL TE o

1539.3

3500 3000 2500
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WH (em™)

Bl 6 ZHmERMLILIERE
Fig. 6 FTIR spectrum of crystalline solids

120 h
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7 FFIRER(100 mmol/L) 5 MHARY f Bz A [5] B (8] [l {4 &R 5 XRD & &
Fig. 7 XRD of solid fractions after citric acid (100 mmol/L) reacted with coral sand for different time

3 FRER(100 mmol/L) 5 MHARS & NI A [ B i8] 5 48
B S EA R
Table 3  Solid phase fractions affer citric acid (100 mmol/L) reacted
with coral sand for different time

RNiRE  BEDCfR S A Uil KRR A
[y  fA(gkeg) (gkeg)  (gke) f(gkg)  (gkg)
120 130 110 50 710 0
8 230 170 130 450 20
1 220 710 30 0 40
0 380 570 50 0 0

K8 A, B, C4rJlok 1. 10, 100 mmol/L
(A FT 168 TR 5 I B D 1R 35 S I 120 h 5 8 4 1 A 5
SRR 5 000 1589 SEM B A, &I A Bl T
PP TR A5 o w0 AIG, R I AR X B A b R 5% 3] Ay 452
PR A S AR B FEAE s AEIR C H, R LU 22 3 76 S 3
b 2 1 7 w5 K A B HOR A R S ik . Bl D
BB SR R 1 h AR E — Bt
6] i 45 ST H PR, g A AR R R | S
2R G TR S b AR
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Fig. 8 SEM photograph of solid phase fractions after citric acid reacted with coral sand for 120 h
3 it b0
T L e E— L 0.8
FPEIR (H;AOH) & —Fh =55 , HAE/K iy
#5757 R (D) ~ (HFs 06
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Hp, A R CeHaOs, FriGERR AL 20 A BT oA
B B(Ka)fl pH, 7E 25 C'F, pKa,. pKa,. pKa;,
pKay IIE4M5IH 3,13, 4.76. 6.40 F1 11.6021, ks
BRI pKa (AT AT RRIE A5 73 A Bl pH (19722 4k
KRMAE 9 PR, HpH M1 ~ 30, EZELFFER
(H; AOH)FIF IR — SR (H,AOH) PR S AF1E 5 B
pH Z#i b8, WA RR — S AR (HAOH™) DL K #7
BRI F(AOH ) & s fin; 24 pH N 6 ~ 9 B i
iz £ L) AOH> Fl HAOH” RIEAfE7el, AWFSY
TR TR 55 ISR B N S5 R IE] N AV pHL Y35 F] 6
DAL, 2P Mide 8 24, LA AT IR IR 222 L)
AOH> I A7 7E -

H T I v 32 TRy SO FEE Ty fi A, HAk
SEIAY IR CaCOs Fll CaMgCOs, R H S5 FF R 1K)
— BRI AR (5) ~ (10) SReFeRte!s 2220
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B9 25 CHA[E pH TIFEBRESHERSE

Fig. 9 Mole fractions of citric acid at different pH values at 25 'C

2H +CaCO; «— Ca*'+H,0+CO, (5)
2H+Ca yMgyCO; «—> (1-x)Ca” +H(x)Mg" "+
H,0+CO, (6)
H,AOH +Ca*" «— CaH,AOH" (7)
3Ca**+2(CaH,AOH") (o) «—>

Cas(AOH), () +4H" (8)
Ca**+AOH> «—— CaAOH 9)
Ca1.oMg,COs+H,0 <> (1-x)Ca*'+
(x)Mg*+HCO;+OH" (10)

TEFTFRRTR S M AP B SN e, 3 M R] e 2 A p
RV W RIS (R A KRR Ca™" L Mg™ I,
B FHEIR I B A KA ) H 25 T I5 R (5). (6)
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