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Determination of Andalusite Content in Ores
by Chemical Phase Analysis Method

XING Qian', DONG Mai-qing' , XIE Hai-dong', LI Shou-wen®, ZHOU Wei'
(1. Qinghai Institute of Rock and Mineral Analysis, Xining 810008, China;
2. Enviornmental Geo-exploration Survery of Qinghai Province, Xining 810007, China)

Abstract: The preliminary discussion on the determination of andalusites content in ore samples by chemistical
phase analysis method is proposed. The sample was treated with HF-cold dissolution method. Then the residue
was filtered and fused with Na,O, and extracted with hot water. The concentration of Al,O; was determined by
titration method with zinc acetate standard solution and converted into the content of andalusite. Based on the
compositional characteristics of andalusite and its associated minerals in Yuedu ore region of Qinhai Province, the
effects of experimental conditions including different solvents, dosage of solvents, soaking temperature and time
sample granularity on sample dissolution rate were studied in details. And the correction coefficient was
calculated based on the dissolution rate of andalusite in synthesized samples. The aluminiumimetry is chosen as
the chemical phase analysis of andalusite in ores.
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HF \HCl, Z " j#% VU 2 . — 4% (EDTA, 0. 050 98
mol/L) ;i’}]ﬂyﬁj}‘*ﬁé@,NH3 + H,0(7 mol/L) ,HAc -
NaAc 2% iy W (pH = 5. 9), — I i B 45 75 71
(2 /L) ,KF (20 g/L) .

In(Ac), A (0.0075 mol/L) : FREL 1.7 ¢
Zn(Ac), » 2H,0 &F 150 mL E#RH, i HAc 1 ~2
T, 7K 5 20T 1000 mL 2550, 7K R
B, B MWW c[Zn(Ac), ] =0.009 499
mol/ LR ESH) o
1.3 585051k

I BT B B ) AT X R B R R
A JRURER FE AR 0. 246 mm (60 H, 1) o fit
RIS FH ) B ) B R ke LT R T
BRI A 0.074 mm (200 H) #47462% 50 4o 204E
AT YRR 1,
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Table 1  Chemical composition of andalusite monomineral
Ay wy/ % HAy wg/ %
Si0, 36.90 K,0 0.31
AL O 59.88 Na,0 0.61
F3203 1.10 Tloz 0.08
Ca0 0.48 Bkt 0.34
MgO 0.30

2 gil5ihe
AH X ) FZE P AL 53 B R e AR KR T
Frai g™ . vk T mEES AR (w, B
DR N AR 10% AFL 51% BB
34% AT 2% ANEWH YL 3% . fEEDEA
FHUE R HE GEIRMRREIR SR A0S BT T4
A2 ARG 2 AR o 8T 7 i o
2.1 BHRIIEE
K HF 5 HABH A ICHLER HNO, il HCL #4414
U1 1 A ERf], iR AR . 2 AIFRER 0. 1000 g
LR SsSB4, A HE R 6] A TR A
fiz 10 mL, #3212 h, F18 e e 40 U8, Uide R
FH 1. 44mol/L i34 HCL PE7&6 K, T FHFOK PR 6
UK IRAGE FITTVE BB R A T
g AR RAL, FHE 2 650 °C , 4435 30 min, B
RHL PR, 2 G5 REM LR A YR R )
(A ] 500 R AR B A st SR T HF FR A BR AR
— 380 —

VAR, B A Il AR AR g, T 25 A 9 [T AR
ARG BB A HE ARG, DR B o AT ik
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Table 2 Effect of solvents on recovery of andalusite monomineral

R R/%

sl IR ) ZH S

BE16% RE3T* RE138% RE187* RE210*  H2°

Hr 93.2  90.5 942 91.3  93.7 2.3
HF + HNO,

30813 785 8.3  79.5 8.4 6.5
(AR 1)
HF + HCI

(kRip 1.1y 864 837 871 849 868 9.3

2.2 RIS AR A

Phg'5 99THGT £5 65 A il , Rk H HF 123,
XPANR] HE F S I8 9 i (] AR o I B iR A 7 v 1232
PR IEXT a5, 5k 2 AR m ikl AL O, , 2
RGBT A B

BRIEEWRAM T, LA 12 h, HF H &
10 mL (20 FE A 25 8 (L3R 3) 5 #GR L KR
80 °C L) |, HF HI&E 10 mL, 2 [a] 2 h By o 45
WOILRA) AR G, HFREILER R ILME
VE RS A%, PORTESCI N — H AL T HF (2595
WEE T 0 BARA F  BOA TR 5 RV R A iR
rR AR AR B T
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Table 3  Effect of hydrofluoric acid dosage on determination

of andalusite with cold dissolution method
i)ﬂﬂi FH A1203 Tﬁ%gﬁiﬁﬁﬁﬁﬁ W[Alzo( SiOA) ]/%
WEC 2wl 4wl 6wl 8wl 10mL 1SmlL 20 mL

1 1232 10.78 9.68 870 7.70 7.70  7.76
2 1231 10.86 9.64 878 7.66 7.70 7.68
3 1233 1096 9.60 8.82 7.74 1.78 1.70

O WREBEE 3 12 h, FRAF T

H4 PEREOKT) SURRREHLIL A

Table 4  Effect of hydrofluoric acid dosage on determination

of andalusite with warm dissolution method
i H Al,04 PRBAMAEE w] Al,0(Si0,) 1/%
/< ST 30C 40C 60C 80°C 90C

1 12.48  10.18  9.36 8.50  7.84 7.8

2 1252 10.24  9.24 8.43 7.88 7.84

3 1260 10.12 9.08 8.38 7.86 1.8l
O A% HF FIEH05 10 mL, BRI E]325 2 h,

2.3 R RIADT AR

5LA% 5 991THGT K 65 ML, H 10 mL HF
P RIE ML AE A [R] EEII [] (1235 2 ~ 14 h)
SN X LA A IS ) A T i, SR 5 (3R 6

All rights reserved. http://www.ykcs.ac.cn



%5

TR A2 O ARTE I E B A P £LAE AT B 5

%21 %

Bl T LUE Bl A 5 Y ) (R 1 AS BT 2 K, R 11
Er R Z AN, IR TR e iR K
R E], S X LT 1 & i A AR . R
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Table 5 Effect of soaking time on determination of
andalusite with 10 mL hydrofluoric acid
and cold dissolution method

W 1 ALO; BELAALA Bt w[ ALO(SI0,) ]/%
YWHC in 2n 4h o 6h 8k 10k 12h  14h

12.24 1111 10.50 9.93 9.39 870 7.70 7.68
12.16 11.30 10.60 9.99 9.50 8.78 7.62 7.74
12.10 11.32 10.38 9.80 9.60 8.82 7.74 7.65
12,32 11.04 10.34 9.74 9.37 8.62 7.66 7.70
5 1238 11.00 10.64 10.04 9.45 8.59 7.78 7.72
FHE 12,24 11,15 10.49 9.90 9.46 8.70 7.70 7.70

O R

6 Mk 10 mL SRR R ELH AT doe RN )AL
Table 6 Effect of soaking time on determination of
andalusite with 10 mL hydrofluoric acid
and warm dissolution method

St i ALO HE A HAEE  w ALO(SIO,) ]/%
e 10 min 20 min 40 min 60 min 80 min 100 min 120 min 140 min

12.54 11.35 10.78 10.01 9.66 8.78 7.78 1.74
12.60 11.46 10.66 9.78 9.74 886 7.72 7.68
12.36 11.56 10.44 9.76 9.56 8.93 7.76 7.80
12.44 11.60 10.60 9.68 9.44 9.00 7.80 7.69
12.56 11.49 10.70 9.97 9.48 9.04 7.84 7.78
T 12.50 11.49 10.64 9.84 9.8 8.92 7.78 1.74
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HRAE SCHR LS T nT 0, 20 RE G A T A — 2
MAYE. T e DX 20 A 0 R R IE )
B0 SR 45 991HGT #6106 Bf™ 1y F1%8 17
SEPTC ] AN ) 5 A AR 5L, i o Ry
2% 5% 10% 20% .30% .40% .50% 27 ™ AN T.
B 5 WK R EE R B T,
2.5 FESRE AL

HRYELTAT A7 A AR , LV i RS2 L 1 5%
Wi L S o AR TR AN T X2 T R ot R % 1)
22 SERER VAR 2 RE SRR A0 1 B3 i i
A 4100, 048 mm (300 ) 4k 214
B >70% ] o A5 R FAAS 8] A 0 T2 05 325 68 1 45 1)
45 991HGT # 106 991HGT #: 131 W4T Ak F
BT YIRE SRS A AR R R A T AT A R
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Table 7 Dissolution rate test of the sample
s VRS IE R L
WEC 29 se 109 20%  30%  40%  50%

1 0.983  0.995 1.054 1.186 1.213 1.231 1.240
2 0.956 1.011 1.089 1.172 1.224 1.239 1.249
3 0.968 1.004 1.111 1.167 1.216 1.221 1.233
4 0.978 0.989 1.079 1.190 1.231 1.210 1.239
5 0.991 1.017 1.096 1.176 1.191 1.227 1.245
??gy&ﬁ 0.975 1.003 1.086 1.178 1.215 1.226 1.241

R 5.28% 12.13% 13.31% 14.75% 15.29% 15.81% 16.04%

8 FEARLIE T AL
Table 8 ' Effect of sample granularity on sample dissolution
i
991HGT #3106 #E5h  991THGT £ 131 K¢,
B EEN 74 wm 7 14.63% 15.72%
FEZ 160 H (4RI 5 90% ) 9.79% 1.68%
JEZ 300 H (4K ki 85% ) 16. 18% 17.34%

R

2.6 MR RRE L

R AT XA S SR, 0 I AA ] &
I LLRE A ST WL RN T REURAE , DAAR
52, R N 98.6% ~100.6% (1#9) .

%9 MRS
Table 9  Recovery test of the method

s/ aies
STy ORAMAR  IRANER R/%
92 8 7.89 98.6

87 13 12.91 99.3

79 21 21.12 100. 6

P ENEPNG I NG AR IENEE RV G FAR ¥l
TR 13.46% W [R]— A S A RS 2% B, AH
SHhRAERZE RSD(n=12) H 1.62% .,
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M\ 400 A M AT BT A A e B i
= ARBERLIHE 20 4, 326 HoAth 48 S S 36 = He A Iy
AT AME AT, B 45 SR AR & (ILFR 10) .
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Table 10 Comparison of analytical results of andalusite
determinated by different laboratories

FER, w( A )/ % B w(AHA)/ %
WE AT M| BT RO MM
| 8.30 8.46 11 11.20 11.32
2 5.43 5.52 12 10. 45 10. 35
3 7.81 7.72 13 7.96 7.88
4 13.46 13.56 14 8.85 8.89
5 10. 11 10.01 15 4.21 4.36
6 12.41 12.53 16 3.22 3.36
7 9.75 9.66 17 5.78 5.89
8 3.56 3.63 18 9.46 9.31
9 4.67 4.72 19 8.17 8.26
10 6.83 6.89 20 13.24 13.40

2.8 Lrfvidls

PRI 5 991HGT K 235 BRER) 0.5000 g, fil
A 10 mL HF 5 ¥ 35, 5% FH R o R AR 95 L
XA 1T,

R WSS FRILARIO AL
Table 11 Comparison of analytical results of andalusite
determinated by gravimetry and volumetry methods

BRI B RPN
}
b oo AL, 1Si0
/g Wegyg! % Iﬁﬂf $i0, ALO,Fe,05 Ca0 Mg0 K,0 Ti0, er 3 {ﬁ;@;

0.1532 13.13 1h 8.20 8.00 0.26 1.80 0.23 0.06 0.06 12.71 22.12
0.1379 11.56 2h 7.12 7.20 0.17 1.23 0.20 0.04 0.05 11.44 19.20
0.1293 10.38 4h 6.056.72 0.13 1.15 0.12 0.02 0.04 10.68 16.32
0.1144 9.42 6h 4.80 6.20 0.10 1.10 0.10 0.02 0.02 9.85 12.95
0.1063 8.94 8h 3.455.60 0.08 1.00 0.09 0.02 0.02 8.90 9.30
0.1011 8.62 10h3.14 5.320.07 0.99 0.08 0.02 0.01 8.46 8.47
0.1004 8.58 12h3.14 5.350.08 0.97 0.09 0.01 0.00 8.50 8.47
@ Fff BT 0.5000 g, 5 i HE SR =i

MFE 11 R E R, R T HE 32916 h
J&, PT LA o AT M) A A, P A A Z0AE A1
Bl I FLARRAIRY ) AL Oy Al Si0, 5 53 et
BT & SR EIAIE LA 4 & A 5, 35
IR M HF fE2il MR 12 b SRk e 4ot f
E TR AT T (A SR AR A R AR AR X £
A1 B 5 2SI e A T AR A

3 FEWoHT

PRI 105 CHET1AEE 0. 5000 ¢ THR UL
A, A B K, A 10mL #e HF, 553 4%
STRE  HAE XV Y, 3, 2 3SR 12 b, SR
(BRI 31 ) 1 M R AR U8, ] 1. 44 mol/L )
4 HCL PEi 6 U, FHHHUK BE K 6 U, A I 4TI 7]
ULTEBCAGRIIR, FF A S o b R K AL, THER
— 382 —

2 650 °C, R 30 min, FUH AR AL A S g
Na,O, ii%] , KP4 2 g Na,O,, B THET 2
(680 +20) C 1y S dhdr vp axdas U HE o, 2 308
BRI 250 mL BEFRrf, inF#ioK 50 mL 25, i
A 12 mol/L HCI 15 mL figfk, #h A 100 mL %5 =
o B o 25 mL ST 250 mL BERRHT,
JA 0.05098 mol/L EDTA #RUEZEH 25. 00 mL, v
RIS RS 5] il— A WIS 2138048, FH7 mol/L NH, -
H,O H il = WIS L0 4RI A8 21 5, im A HAce -
NaAc Z2 P 10. 00 mL, F/K# BE £ 100 mL, By
P IS 4 min, BUN , EEE T HRR A,
FHZEIR /K WY 2% 11 ML AVBE AR BE o in A2 % — H
FFE78 7], 11 0. 009499 mol/L Zn( Ac), tRUEE K
BB LLO LS ORTEED) o LRITIA 10
mL KF %%, & 5 min, BUT, FHRKE A, M
1 s8R, 1 0.009499 mol/L Zn( Ac),
PR IFEVE TR R ERE L1 0 R 24, I e 25 5k AL
Ti A, 0 T E R Al & RO A&,
R S AS 43 25 11 SR St ) 2553 1

4 o5k

(1) MACAYIRRE A1 h 2 A 2 A
THIBRTE . BRI TR T WM T — A
400 A PFRE AR AR, 70 B 45 2R RE W 2 o 4R Y
ZOR o WAL A YA Y 26 P F SR SN 5 EER
Bhess  FEE AR F , A SR AR R A1
EREEAIRR I TR RS
AP B B IR BT R R

(2) FERLAEAR AOHL b A0 T B B 3
Aot — 30, DG BH 7 5 A0 I B B, I 2 AL
ROB R, SIS St R 2 L 4
Wid 74 pm fifi o
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