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Table 1. Some features alteration as ageing of dried samples of calcium-containing
poly-aluminum-ferric-hloride hydrolysates
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Fig. 1. SEM photo of calcium-containing poly-aluminum

erric—chloride hydrolysates.

2
Table 2. Energy dispersive spectroscopy of white particles and black colloidal in SEM photo

Al Si Cl Ca Fe Al/Fe

9.10 - 53.31 12. 18 25.4 1:2.8

27.21 1.63 52.61 10. 41 8. 15 3.3:1
PAFCCa ( 2a)

: ( 2a)7; 1 pm
@) 200 ~300 nm ( 2b) $ 100 nm B (BFeO0H)
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Fig. 2. Various micro-erystals in Transmission Electron Microscopy at the beginning of synthesis of

calcium-containing poly-aluminum-ferric—chloride hydrolysates.

3 9 (a) (b)

Fig. 3. After being aged for nine years under acid and sealing condition nearly all

micro-erystals in sol and gel phase disappeared.
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Table 3. Energy Dispersive Spectroscopy of sol and gel phase and Si-Al-Ca micro-erystal appears in the

sol phase in TEM photo after being aged for nine years

Al Si Cl Ca Al/Fe
3a 35. 14 3.98 15.21 19.29 26. 67 1:0.76
3b 20. 04 4.19 19.70 26.79 29.27 1:1.46
4 9.74 65.27 15.43 7.74 0. 66 \
4 18.19 8. 04 55.71 13.90 3.86 \
« 9 o
9 (475
) (/5 ). X
( 5b) 6
(ferrihydrite) Al |
Fe.Ca N
FeCl, * 2H,0.AICL, * 6H,0+CaCl, * 2H,0
9
% ° XRD
A
4 9 BF¥eOOH (
5¢)o
Fig. 4. After being aged for nine years Si-Al- (110) (310) . (521) (541)
Ca micro-erystal appears in the sol phase. b Siy Al Ca (o
B+eOOH
X PAFCCa . XRD
( 5 a) o 9 Al N Fe
CayAl(Fe), (OH) , ferrihydrite
Y
5.115 Ca Al. Ca- Cl-
Fe FeCl; * 2H,0. AICI; -
5
o Al Fe.Ca 6H,0.CaCl, * 2H,0 .
FeCl, * 2H,0 AICL, * 6H,0.CaCl, * 2H,0
4 XRD
Table 4. Structural phase of calcium-containing poly-aluminum-erric—chloride hydrolysates
according to their XRD patterns
d/nm 171, d/nm 1/1, d/nm 1/1, d/nm 1/1, d/nm 171,
0.5116 100 0. 4427 31 0. 1700 22 CazFe, (OH) |,  0.2570 88 0.7493 100
0.4818 89 0. 5440 20 0. 3493 25 FeCl; * 2H,0 0. 2257 86 0.3333 40
0. 3294 7 0. 3248 63 0.2310 35 AlCl; « 6H,0 0. 1509 44 0.2632 41 B4eO0OH
0. 2801 57 0. 5440 20 0.2999 72 CayFegOy; 0. 2901 100 0.2533 37
0.2833 44 0. 3056 57 0.2146 24 CaCl, * 2H,0 0.2464 84 0.2210 34
0. 6029 41 0.3193 23 0. 1940 25 FeCl; » 6H,0 0.2117 78 ferrihydrite 0. 1991 26 ferrihydrite
0.2310 35  0.2053 27 0.5.116 100  CayAl,(OH),,
0.2562 33  0.2542 29  0.3193 23  CaAl,Fe,0,
0.2696 22 0.7019 29 0. 1820 28 Ca, (Al Fe),0s
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Fig. 5. XRD patterns of calcium-containing poly-aluminum-erric—chloride hydrolysates

(a); after being aged in the sol(b) ; and after being aged in the gel (c).
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Fig. 6. TGDTG thermal anythsis spectroscopy of calcium-containing poly-aluminum-ferric-chloride hydrolysates.
(a) before synthesis; (b) after being aged in the sol; (c) after being aged in the gel.
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Fig. 7. IR spectroscopy of Calcium-containing poly-aluminum-ferric-chloride hydrolysates.

(a) before synthesis; (b) after being aged in the sol; (¢) after being aged in the gel.
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Mineralogical Investigation of Calcium-containing Al-¥e Hydrolysis
Polymer Products: Effect of Ageing on Their Species

LIU Shiwong' ZHANG Xin-hua’® SUN Chuan-min® GONG Guo-hong'
LEI Ping" LU Yang’ Yang Hong-bo’
(1. State Key Laboratory of Ore Deposit Geochemistry Institute of Geochemistry Chinese Academy of Science Guiyang 550002 China;
2. Geosciences College of Chengdu Technology University ~Sichuan Chengdu 610059 China;
3. Guizhou Administrative Bureau of Prison  Guiyang 550002 China;

4. Physics and Chemistry Analysis Center Guizhou Normal University Guiyang 550003 China;
5. Physical and Chemical Analysis Research Center of Guizhou Province Guiyang 550002 China)

Abstract:The nature of species formed in the system of calcium-containing ferric aluminum chloride with micro-sili—
con was explored with transmission and scan electron microscopy coupled with energy dispersive spectroscopy (TEM-
EDS SEM-EDS) selected region electron diffraction (SRED) chemical analysis for the liquid samples fourier—
transform-infrared spectroscopy (FTIR) X-ray diffraction (XRD) and thermal analysis. The results showed obvi-
ous natural alteration of calcium-containing Al-¥e hydrolyzed polymer by ageing. At the beginning of synthesis there
were various species in the samples with Cl™ as the charge balance ion and Al and/or Fe combined with Ca to form
ettringitedike double hydroxide structure and some micro-erystal phases of aluminum iron. There were also much a—
morphous Al Fe or Al-¥e polymers. However after being aged for nine years under acid and sealing conditions
nearly all of the micro-erystal phase disappeared. No micro-erystal phases could be seen under the electron microsco—
py and correspondingly the feature peaks of them in the XRD patterns were also disappeared. Furthermore no X-ray
diffraction patterns of FeCl, * 2H,0 AICl, * 6H,0 CaCl, * 2H,0 could be observed. XRD pattern shown that there
were only a large overflow bands of rich Al-ferrihydrite and the feature lines of 3-+OOH in samples. The silicon dis-
persed originally in the solution co-aggregated with aluminum and calcium formed calcium containing poly-aluminum—
silicon—chloride micro-erystal. It was inferred that the calcium-containing poly-aluminumerric-chloride hydrolysates
underwent a solvation—recrystallization mechanism during ageing. In this course the micro-erystal phase with alumi—
num containing ferrihydrite existed competitively. As being aged the double hydroxide structure and the aluminum
containing ferric micro-erystal phase gradually dissolved and formed rich aluminous-ferrihydrite nano-colloidal parti—
cles. Ca and Cl kept some particular relationship in short order structures. And the final crystal was still B-FOOH
from the rich aluminousferrihrite.

Key words: Calcium-containing poly-aluminum-ferricchloride hydrolysates; ageing; solvation— recrystallization

mechanism; Nano-colloidal particle; ettringite-dike structure of double hydroxide; rich aluminousferrihydrite



