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The acid corrosion mechanism and the soak out substaiices after treating philogopite_
vermiculite interstratification minerals with hydrochloric acid

PENG Tong jiang. LIU Fusheng. ZHANG Bao_shu and SUN Hong juan
(Southwest University of Science and Technology, Mianyang 621010, China)

Abstract: The phlogopite_vermiculite interstratilication mineral samples from the Weli mine of Xinjiang were acidized with hydrochlo-
ric acid. Based on an analysis of chemical composition and XRD of the samples, the authors studied chemical composition and contents
of the acid soak_out substances as well as the structure characteristics of the samples treated with hydrochloric acid. The acid corrosion
mechanism and the content variation tendency of the soak_out substances with the increase of hydrochloric acid concentration were also
investigated. The results show that the acid soak_out ratios of Ca0 and NasO are the highest, followed by K;0. The acid soak_out ra-
tios of MgO., Fe, 03 and AL Oj5 are relatively high, while the acid soak_out ratios of Si05 are the lowest. The acid corrosion amounts of
the samples with more vermiculite layers are relatively high. The acid resistant property of the phlogopite vermiculite interstratifi-
cation mineral is not so good as phlogopite.
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Mg Ca Fe BAA AT Mn (Cu Zn FHICE .

LR, w9 A DL 5 Ay i i ) i w94l 3, AR SO i R B
BN AR T IR B s BE A () 2R S AT T R Ak
S, WEA T R B Ak A AR B B T R e S A b 11
R AR RS R IR £ R AR A AL, A M e T R R R
B el Al 2 b R Tl A e 3 A A A S L A
(BRERIE) v, (b A A b B 0T ) N B A S B
DRI, 0 Ay b AT R A B R 8 DU R 2 ol B ¥ P O 0F 5 A
DAL AN ] LA P MU W AT (1) 4 T AR A 1 LB,
AT g A A A AR B A b R [ e P AR I e A 4

I S LY S R/ (R

1.1 HiFES ik

Fe FUBT G ALEATHT I 4 AN BRSSO Wl Wy 6a
Wv_16 Rl Wvg 1, i 3 A~HE b g B AL A PR L fs 4 1k
FEdh . BRI R
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JER U JIUg e 4520 3~ 5 mm [/ Fro B/ B RE A S
BRIk, B S AT AR N L B, PR SR BB
FERL R B AN, G5 25T 1 mm (AR, DL Ry S Ui

G B B RE 1 R R S b 0 iR

FES R Rk i A S, 28 XS 2R AT BT B Wvg
A A S AT S A A L BRSSO S D B L
THEA 100 H&EM .

1.2 EHD 5

TE AR5 BT B JE 7 W 7K iz 36 v O B, R o vl B B A R 2 )
PO i o T TBZ S L | T 0 3 C A TR S TS A |
Ab, TR B K 5 2 1 K 0 2 A i 2 ) R A a2 — A 1) ) ¢
PR L T A T A 0 B K BL AR LA 43 43 T 4 L S AT AT
nf LE P, AR 0 8 o FU R T I S L e 7 1000 TR N
2 b, BB JE KB A B R K, RS T TR s
WS .
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Table 1 Chemical composition of the samples
e 5i0, TiO, AlOs  TFe03  Cra03 BaO Cal MgO MnO NayO Ko0 g’ LA
Wl 39.91 1. 64 14. 06 4.95 0. 32 0.42 0. 05 25.17 0.04 0. 33 10.92 2.75 100. 56
Wv_ba 42.69 1. 39 13.71 5.04 0.23 0.29 0.57 27.45 0.04 1.54 6.95 0.17 100. 07
Wv_l6 42.24 1. 50 13.79 5.69 0.33 0.37 0. 34 26.99 0.04 1. 98 6.49 0.09 99. 85
W 1 42.98 1. 21 13. 19 5.29 - - 0. 50 26. 62 0.02 1.09 7. 14 1.23 99.27
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T RCEL, TS A Ti02 ALOs JKoO & RS . FE i 10 A 1
o2 3T 51l L 0l 2R 25, 2002) 6 W, 4z BF 5 2 2 1) B

TR KT, Fb b Na® B Ca®™ 5 47 52 2 ) BH 3 1 = 0
Jy Cat* A Na* bR K R Mg™ . S 2
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K* /bt Ca™ B Na* , PHE 7254 84 542 2 9.5 mmol/ 100
g. BB MR EEN(Wy_6a Wyv_16 Wyg 1) 1048
P BB Tk Ca®t R Na® |, JEVCh Mg A K®, BB T
A8 B E A 70, 76( Wy_6a) 81.40( Wv_16) Fl 69. 08 mmol/
100 g( Wvg 1) .
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0.2s.
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Fig. 1 XRD patterns of the samples
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£t ?nurﬂuf Trr H H rl|l|§?':)_";‘|%wf'hkmrf{lﬂllf HL%H 1 }5}”
MA0.5.1.0.1.52.0M Fidh#% 30 mL, S5 5L 12
hy LEE BEF G2 2R S T 57 RO 0 2 BEH TP K WNa .
Mg Si Fe Al 1754,
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0.60% —1.36% ., % HLDM LTF. WA G 2B 84 R b
(Wv_6a Wv_16) [ gl i 42 fh AF 56 AH I, Bl il 28 i e 1 m
Hahn, @bk MM 4. 78% —8. 86% , L ITLLSEIIN . 3
FE it T T vl ) D 5 TR 9 e (X)) AR A 11 A DG T AN H-i
FRB(r) 4 M Yy = 0. 254x+ 0. 375, M1 R 8L r=
0.994; Yy, go= 1. 185X+ 3. 790, H1J R 1= 0.993; Yy, j6=
1.365x+ 3.625, HIJC R AL r= 0.990. W LA H. 7EAS [ & g
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Wv_6a [ bl . 004 A2 55 2002) WEFE AW, FE A Wy 6
VP TR (42, 6%) B Wv_16 HPEE A7 5 R IR A e
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Fig. 2 Acid corrosion amounts of oxides in relation to

hydrochlorie acid concentrations of the solution
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Table 2 Acid corrosion amounts of oxides from the samples
FEAb S X K,0 Nay0 Ca0 M g0 Si0, TFes05 AlOs R bt Y
0.5 0.16 0.02 0.0l 0.12 0.16 0. 03 0.10 0. 60
. 1.0 0.19 0.02 0.01 0.21 0.26 0.05 0.17 0.91
- 1.5 0.24 0.02 0.01 0.29 0.34 0.06 0.21 117
2.0 0.26 0.03 0. 04 0.33 0.39 0.07 0.24 1.36
0.5 0.43 1.29 0.47 1.01 0. 87 0.26 0. 48 4.81
Ve 6 1.0 0.54 1.31 0.53 1.54 1.22 0.39 0. 88 6.41
v 6
- 1.5 0. 67 1.31 0.55 1.88 1.22 0. 48 1.23 7.34
2.0 0.77 1.30 0. 55 2.48 1.22 0. 56 1.57 8.45
0.5 0.39 1. 64 0.29 0. 88 0. 86 0.24 0.48 4,78
_— 1.0 0. 54 1. 66 0.31 1.55 1. 19 0. 40 0. 90 6.55
- 1.5 0. 68 1.67 0.32 2.19 1.21 0.52 1.37 7.96
2.0 0. 85 1. 66 0.32 2.57 1.21 0. 62 1.63 8.86
T X —Eh R e 2, S mol/ L .

BB [F) . X H TG s BRI G s B85 ) 2 0
A S

3B 13 2 0BG, F B RS AE 100~
1000 C2 Ji) fry 44 e T ik, 40 48 A0 L 0% AR 1) e S5 0 5 182 i g
Pl U I AU B A (R B HCER) . 3 NRE

1E 100~ 1 000 C 2 [] {1 #4214k 43 51 2 Wv_1: 1. 06% , Wv_

6a:5.41% ,Wv_16:5.09% .

R 3 ATt 2 BERE (Wt 1) 2 T B 8 -4tk
W i I e K, MO S /Rl Ca0 200 21~ 80. 86% ,
NayQ 6.13% ~ 9.19% . K,0 1. 48% ~ 2. 41% ; J\Iii ¥4 BH & 1

M e Es R 2, o MgO 0. 48% ~ 1.33%; ALO; .

TFe 05 FRFICEABI N, 7514 0. 72% ~ 1. 73% 1 0. 62%
~ 1.43% . SMHFARIX S AP Fe' I PRI Fet 5
ST IR JIE 25 17 &85 R ARG kA Dl 2B 28, 2002) ; PY T
PP 51 I AU R B R di /N, Si02 0. 41% ~ 0.99%

t14¢ 3 R 2b WA Y, B Eh SR AL 1K) 380, MgO

Si0, MY T bt W) G2 489 1, Ko 0 A1 ALy O (10 Tl bk 169 4 W X2

1l Ca0 Fea03 Al NaO F R Tl D0 59 n AW &

G e BEUE AT ) JZE M A FE R AS () ST 4 I R i TR
KB . 3 S A6 R IR Nl 43y 3 R IE

a RFERZEBREFRBIKEBBEF 0l HAT
(2002) &5 HY IR G 2o B~ o 0] 20T R 1) ol A2 4 4 B
SR S (AN F R Ha07 ) 43 5 4, W 6a: Ca0 0. 612% .,
NazO 1.30% : Wv_16: CaO 0. 394% ., NaxO 1. 79% . % [E i &%
Ho 0™ Ji F b () ) 28 48 4 B8 7 S Ak 4 1 75 4k 23 0 D, Wiv_
6a: Ca0 0. 580% , Na-O 1. 231% ; Wv_16: CaO 0. 375% ., Na:O
1.702% , iX 363 5% 2 b CaO HI NaaO (1) bbbt Al 55 A1
(L 28 BIACTE T 0 B b EAT AS W] 1R b 2 R Ay BT i 28) . i T
TRAK BH 5 7 5 45 44 22 1) 11 &5 & 36 99, 0 CaO Al Nay O [H) R 32
A g e, b CaO JL T 43 82 L NayO 11 2 HU % 1
82.27% ~ 89.24% 2| .

b. EEMPLUBFREESHMEBEF E4WT5H
BT SETEAS A I T R AT KT Mg Fe?t AP
AT 4 A4 0 1 52 2 45 530 M K20 6.33% ~ 13.80% , AL O3

F3 TERERBMBRAERNELNSZECYNEENE 7 B(ERENE) w sl %
Table 3  Acid soak out ratios of oxides in different concentrations of hydrochloric acid solution

FEdh SRR E/ M K20 NayO Ca0 Mg0O Si0; TFe:03 ALO;
0.5 1. 48 6.13 20. 21 0.48 0.41 0.61 0.72
Wy 1 1.0 1.76 6.13 20. 21 0.84 0. 66 1.02 1.22
- 1.5 2.22 6.13 20. 21 1.16 0. 86 1.23 1.51
2.0 2.41 9.19 80. 86 1.33 0.99 1.43 1.73
0.5 6. 54 88. 56 87. 17 3.89 2,15 5.45 3.70
Wr 6a 1.0 8. 21 89.93 98. 30 5.93 3.02 8.18 6.79
- 1.5 10. 19 89.93 102. 01 7.24 3.02 10.07 9. 48
2.0 11.71 89. 24 102. 01 9.55 3.02 11.75 12.11
0.5 6.33 87.27 89. 87 3.44 2.15 4.44 3.67
Wy 16 1.0 8.77 88.33 96. 07 6.05 2.97 7.41 6. 88
- 1.5 11. 04 88. 87 99. 17 8.55 3.02 9.63 10. 47
2.0 13. 80 88.33 99. 17 10. 03 3.02 11.48 12. 45
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3.67%~ 12.45%, Fe,03 4. 44% ~ 11. 75% , MgO 3. 44% ~
10. 03% . 2 1§ E5 -6 1w 10 A0 b 28 V2 W) KA BH 3 1
S 2 2 IR &5 6 ), i SRk S DY T AR P i L p kR A
Ju, B, BLS 7Rl &5 45 10 B - AU 1 R IR T 2 )
ARA BH - S A, i ST LA SR A R A B 1 BH S A .

o EEMPLUEMBESHABT w5 HTE
RSB AP B T LA SiY L Si0o IR IR B HIUR S A,
H2.15%~ 3.02% .

Pel 2¢ o F20H: R AT A0 T2 R A BH S 7 e 25 B 40 I b D 11
oK, B A1 e JEE 11 s R Sl b b — A, L e AT Rk ot
i T S ) I AR AR A JEUORE A T B I 2 ) K
MgO Fe;03 FI ALOs b L A7 ¢ 1) 88 b &b 77 40 #, Hop
MgO AL O3 [l bk B AF 8 vl 55 35 I ifi 2 i 3 K, FeaOs
i e it Bl R R e S 110 3 KT % 142 0 s Si0 11 R Tl R A G,
L b At I R R A P A AR AR A

Gz B IR ATRE S B A 2 BERE ORI LR, 2R BH S T A
T H 5 1 DY T e o 5 8 L A A8 v 1 A 42 1 bk v 4y

. XMWY Gr s BF U A ) SRR I A B, R G
pra i P SN N R A A N R PR Ut =8 ER (N AN E S 27 RS 21!

SRHT BT 5 L IRIVLAE, 1995) Mt e A — B .
2.3 ERMIL A XRD S

FREL 2 g B 400 Tl RE S ( Wyg L) B £, 28 510 10 250
mL HEEJHC R, Fo0 0 AR HEE P oA 1.0 MR 2.0 M 19 F
R 40 mL, HERE 5. FIAS e 2 2 AR R 10, 7F SIL T LA
FH 12 b Ja kg, JF R 28 Bk, 5 B 0 3% () 38 4R T3 A fe ik
FE37TCTH R MR BE S G
Wvg 1(2.0 M) . 4biF90 4 2o BE 0540 [ il 5 &5 4 (1 25 4k, 3%
RIS 103 R A 7 v B o Wve L JSURE) It 2 AR Tl B
HHAT T X YHERAT S A br( F 3) .

P 3 R L R Wive L 75 28 0k 8 b PR S L AT 5438
REAE AR T B IS 1k, 20 15 247~ 29° 95 [l Py 7 04 0 i E
M s . 5 J5RE AR L, 28 00 /G A0 B G BE B K 4 2 R
dioogy= 3. 14 ATRT W38 138 5 A5 N, T d oony = 3. SAEAT
SO 388 3 5 ARSI A 42 2 B d ooy = 3. 36 A AT 5 W 58 I LE
RO 5 JRUORERT L, P Ak R 0 T R4 [ BB R AR T
S (KR Ak . T oK 4 2 B 00 T O 0 {1 JEE (1) 386 o 1
/s, X 3 ANRE S ORGSRV d ooy AT ST, 3RET d oo
IS AT 448 45 5 Sk 24. 581 .23, 928 F1 23, 822 A, ik ifij 4
H, WAL B AL G 2 B A ) S0 40 U2 (0 I BE el . ART O
otk vl F
13.998 113, 875 A BI55 J5URE HT b ¥ b B8 A5 08 4 0 )2 £ 2 8
Sl /0, L R EE (1R 358 o it s T R Ak R
ST d ooy BEATHET, K93 d ooy 5L A3 A3 5 M
10.087 .10. 095 F1 10. 067 A 6 i J 5 Ji7 4 25 BE &b J2 11 )5 )%
BT R AW B ARk . LR A B A K G s R R R R
AN 2 R AT O S22 T RS il /s 5 1 11
SEHTIA A, A AR £ AT S I A 1 A A 3 e R

Y Wyg 1(1.0M) .

3 NRE M AR AT d ooy (22 50 14 614 .

~
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Fig.3  XRD patterns of the original sample and the

samples treated with hydrochloric acid

P2 Aab BRI R R 0RO AT L D el e m A i BH R 1 A 4
EHMER . 0 OB £ R T ca®™ Na* K* S E T,
K] o 2 7 A 38 0y 3 A A A A B RN A o ST ok
AN T A 2 B T 2 ) B AN AT WA etk B DR A B
Jo G B S A A R AL B S K G RER A
i J2 2 A B T A T I 5 SR S o P AT AR A

3 G b IEA YRR L

R T AT B U A S R 2 A R Tl L BE ) B 9T AN
2, (H X T SR A R AL LB 9T AR RN, R B —
BOMER . B0 R AL B B2 R A I, SR A S ) £ ) A e
B 7 (i Ca¥ Mg Na® K* 2% nf 20 5 728 i v
[l sy Bt 2 9 0 D AT 58 B AT\ A e R AR
[R] 0, 35 A S 1 28 A L S T LAY O, TR ke 22 LG 1 4 L,
LI Bk B A8 i vk a0 3 i (5 R Bk, 2002) . I £f
£ 0TI () 55 46 15 43 BT 45 AT 4 2 B A () J22 4 i b L
AT .
3.1 BRIRENALZHER

G BE U A ) S0 b A 2 TR 5 R B T
B S AT KB R], L 05 A A J2 T A o () BH S 7 2
M g2 T 5% AT 0 S AP i A S R ) HE B £
Taathiblz o Wik, &= B4 0] 204 0 R ph AL 2E v L
T P AT A2 N G 25 B 2 A ) SRR EEATE I L O hA 2
55 SR W A PRI S BN, B 1 A 4 BN AN PR I ok B,

B BRI R R L JE b B A 8 S S R
PR A T2 ) J2 8] n A 4 BH B i KT WNa® \Caﬂj+ Mg™ A5

et ke, Bl: (K, Na, Ca, Mg) [ Mga[ ALSiy xO0] (OH) 2} *
nH,O( # A1 44 /) + HCl = H, { Mgs[ ALSis- xO19] (OH),} *
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nH,O( ZUR 47 i J2) + NaCl+ KCl+ CaCla+ MgCh+ .. %
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