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Hydrothermal transformation mechanism of Mg-Al mixed oxides revealed by
#Si and “’Al MAS NMR
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Abstract: Mixed metal oxides constitute a common kind of material in nature, in which Mg-Al mixed oxide
(MMO) is widely distributed in the basic-ultrabasic magmatic rocks, evaporates of rivers-lakes and marine sedi-
mentary rocks. In this study, MMO was obtained by calcining of Mg-Al hydrotalcite. Its rehydration features
and the related transformation mechanism in silicic alkaline solution under hydrothermal condition were investi-
gated by changing reaction time. X-ray diffraction (XRD) patterns showed that MMO reconstructed to form hy-
drotalcite firstly, after that hydrotalcite transformed to saponite gradually, along with the formation and disap-
pearance of impure phase (e.g., natrodavyn). #Si and >’Al MAS NMR results suggested that AP cations
tended to occupy the tetrahedral sites on tetrahedral sheets. The new findings of this research have great signifi-
cance for understanding the stability of hydrotalcite, heterogeneous nucleation and growth of hydrotalcite and sil-

icate minerals as well as the formation processes of the hydrothermal saponite deposits.
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Table 1 Chemical composition of MMO and its hydrothermal products synthesized in different reaction time spans

FEfm 4 SO, ALO; MgO Na,O CaO K,O L.O.1 Total  n(Mg)/n(AD n(SiD/n(AD

MMO-4 <0.01 19.71 73.51 0.95 0.04 0.03 3.81 99.99 4.76 -
MMO-4-0 2.68 13.09 49.64 0.17 0.04 <0.01 33.01 100.04 4.83 0.17
MMO-4-1d 34.63 9.60 34.17 2.95 0.04 0.02 17.44 99.74 4.54 3.06
MMO-4-4d 39.34 9.25 32.75 3.21 0.04 0.01 14.35 99.80 4.51 3.61
MMO-4-10d 42.41 8.96 31.48 3.65 0.04 0.02 12.60 99.94 4.48 4.02
MMO-4-15d 43.00 9.00 31.24 3.77 0.04 0.02 12.12 99.96 4.43 4.06

2.2 XRD 7#f

MMO-4 5 385 (1) 75 B S5 44, In N K8
ghb 5T D K A A, FE AL T 20 R 11,50
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R 53 ) S R ARATE ¢ B o b Bl L 2E SRR, T
(060 AT I U A X 43— T A4 25 F F0 = )\ T Ak &5 1)
MEEFRE Y digy >0.152 nm B, 0 YA &
F = NIRRT Y5 d g <0.152 nm W, W2 =
JNIHAREE R M) (Grauby et al.» 1993). MMO-4-¢
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T IR TR C2 = O = HHh A- A5 MMO 3055 1T
PGS, AR TR IR S 3 0 B S 7 B A AR AT U, 3R
HH MMO 7E¥5 R 3 R K B ik 7 KA, G 5 %
WA SI0F™ RV4h5 b 22— Nz g i
Fio sRFGE R, =W I Ak 55 BB B A DA, BT
e A FH T ] AH A AR, 3 B0 W R R I R A
B, AT DN A A
2.3 FT-IR 7%

FTIR 74T 45 B 87, K= 4 )\ T A b 47 4
AL X Mg BB, A8 5 B2 A1 L0000 B R AR 5%
B HECE 2). Hod, 3690 em AW
& T MgMgOH HI 443l X 152 i A 47
T293 620 em ™ '9E7Z 1) AIAIOH F1 AIMgOH 1 45 4
MBI 1461 em "SR E TR A
T M IR A S E AVE S5 M COF - I 4 3R
B i (Hackbarth et al.» 1999), 1fi 5% 4% 10 /K i
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IR BT S5 2 7 R 4E 9 3N Cal D s B A S
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Fig. 1 XRD patterns of MMO and its hydrothermal
products synthesized in different reaction time

spans

1640 14611395

3600 3200 1600 1200 800 400
K #/em™

2 NIRIZK AT AL RE i I 20 MR A £
Fig. 2 FT-IR absorptions of MMO and its hydrothermal
products synthesized in different reaction time spans
MMO-4-0; b—MMO-4-1d; c—MMO-4-4d; d—MMO-4-10d;
e—MMO-4-15d
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AT 817 em ™ 'R WCE JE T DU\ THT 4K AH B 1
Si—O—A iRzl . 1%f5 TR YA Al X Si i)
A DA R\ T A R B S 1R R SRk U (R,
1982):690 cm ™' 651 em ™ VHIE T Si—O 1% 4
Bllo 455 em” YR E T ik R 4 s BT
L5 th e sl o Bl K # N I EAT, AR &R A
J& T2 A RFER K3 6904999 F 817 cm™ M5 534
HH 3 39 55, 1T () IS VB T 7K A SRR A IR T 1 388 ~
1395 em™ Y5 SS9 H 20 k. XRUKIEA
FRal A8 by 2 AT, I HLR AT 45 R BT

2.4 TG-DTG 7 #h

T B 0 R R R KOS A A, R A TR
SRR 3 AN EERENBL(E 3): I BAL T
260°C ZHIF B8 KRR A, 3 b W 7 )2 i) 7K
ORI B AN 3 B B 2 B BOR 2R T 500C A2
A7, EEIAJE T R A KW A R R SRR 2 B
BTG 2 3 B BOZ ARt AE 780°C [ R A
TRATLG AR E N K. B SN I ) ) SE K, 7R
Wb 7K A TR 0B 91 5 1 1 % B LA R B i 2
A7 25 58 ot 2% P i o 1) 2R T LU A 1 s A b I R
MRS = B 780°C , B A A K A B
W A, BA A AR G, X RS
HIIATE &5 FAH— 2R 2).

2.5 ?2Si #A%7 Al MAS NMR 73 #f

W] AR G2 AL 1S A7 T2 467 F% 0~ 20 ppm X
() PRy )5 e 1 i A b /SRR A ALCVIDAE 55 50~ 75
ppm Z (R U g 1 DY T A4 b DY BE A7 ALCIVOAE 5
(Bisio et al.» 2008) (Kl 4). FEMITT AICIV 5 51k
FREAE 68 FH 61 ppm 2o A7, 4 il A DY i A4 R
AIC68 ppm) D &4 iE AT ALC61 ppm)s ALCVDD
FT AL TE 11 ppm 8. BEAE N B[R] ()
FEK, ARFRBNEE A G ALICIV O 5 B8k 55 » 4%
FIE A DY THIAA S5 AL I ALCIV AR 5 28 8 38 a8, ALCVD
5 TR IS5 . AICIV)5 ALCVID W TR LU A 32 7 A%
K, T BT RIVEE S AAHZ H > , OV AE 1) T B
A T W EEAT, HR AT R G i (AR,
2013; He et al.» 2014).

[, 22Si MAS NMR ## 2 78 MMO-4-0 & — 81
ppm P E B — N - 3 1 58 06, 18 BH b e B T
KA R AN HE N2 (0] (1) SI03 ™ IER T 44,
FEPRFAT IR BE B EL AR S CBL 50 52 A0 1 ] A4 A% il
PSEES H QM (n ADE IR, Q" Ror W HifA T Si
1285 (Smith et al.» 1983), m FAREAIE, »
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Fig. 3 TG (left) and DTG (right) curves of hydrothermal products synthesized in different reaction time spans
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Table 2 Thermal analyses of hydrothermal products
synthesized in different time spans
1B 92 B 9 3MB
BE 4% 8K
Z/OC )ﬁiﬁ-\'ﬁ/oo [/OC )ﬁ%jﬁjﬁ/% z/"C ﬁﬁi*ﬁk/%
MMO-4-0 150 10.28 442 28.59 —
MMO-4-1d 101 4.75 450  10.99 760 1.21
MMO-4-4d 95 4.52 567  9.15 777 1.37
MMO4-10d 112 4.95 541  6.43 772 1.66 ‘ MMQ-4-4d
MMO-4-15d 92 4.87 539 526 778 1.66 'E
]
- —_ o i MMO-4-1d
Ferr St JE DY AR AL 9SS (Lipsicas et al . »
1984). G M 1 d I, LA = AL — 100 ~
—120 ppmla] 8 T~ Jo € MK Q1 A5 5, Bt I [A] ChiSES
(A 6k 55 42 9 %5 & A2 A 122 St MAS NMIR 1%
— RN 3 AN, A2 — 94 F1— 89 ppm AL
A0 B PN 3 DA JE T QOSIC0AD J Q°Si MMO-4
(1AD (Lipsicas et al., 1984); fb i — 85 ppm ! . 1
. 80 40 0
WIS 5 HE T QPSICOAD (Vogels et al . » 2005).

LA #5/ ppm
R Q3 SIOADF QPSIUTADE T HAHES — % "

. N . & CIE PP < 4k
U SR, ] Si R R o e T4 MMO ITRIRAUREFRIRTAI MAS NVIR S5

. 27 .
{8 BN 0 ZE K, QPSiCOAD I QPSiCIAD hFd‘g' : ’l“ Mjs NMthaTtezn‘_“ OZ_I;C“MO and its
- e N N . ydrothermal products synthesized in different reaction
155 70 24 WO ., Ul WRE S b St LR 9845 1 1 P

A RN
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Fig. 6 The peak-fit processing results of 2°Si MAS NMR of products synthesized in different reaction time spans
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Table 3 The peak area ratio of Si MAS NMR of products
synthesized in different reaction time spans

FE 44 Q’SICIAD/QPSIC0AD QPSiCOAD/QPSiCOAD
MMO-4-1d 0.91 0.87
MMO-4-4d 1.21 0.98
MMO-4-15d 1.40 1.60
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