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Fig, 1

Variation of pH and mass concentrations of major cations over time during biotite dissolution

in citric acid solutions
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Time-dependent variation of relevant saturation indices during biotite dissolution in citric acid solution
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Fig. 3 Variation of pH and mass concentrations of major cations over time during biotite dissolution in tartaric acid solutions

i T PHREEQC #5115 £ /R [R] it & v J& 18
A TR W Tl R = Bl B b 32 S W 0 R e
mLLE AT
AICOH) , (E da) & W1 ] ST {H R # T 5 #
ToPRR LR AP W46 B R AR, TE R

Bkt ) g A A (IR 4D

BWENW AR (10.2.5 g/IDEM TSI &4 Hir Fed R
8 & —5. 00F — 1. 92, B & /NTF 0, 13 B .,
A TR W TC A/ 5%, 58 A S50 T v A R s 7E AR

FRERER AR 0 g/IIEHT,SI &
A3 —0.01F —0. 97, A& /NT 0, 5 k4
TUUE A R ACRAL . Fe, O, (8 4b) 78 4] 1 31 3 7+
e JE AR Y A R R R R <<2. 5 g/L B}, SI

e A AE 5 B R

ERIA R .

18.26.20.08F1 17. 9, ¥ K F

0,A JE B VT U& # # W A BREWEh
10 g/LA&AMF T ST B A i —2.36, lh % /N T
0, Ui Wk Ab T+ 2L ¥ i b
5 Fe, Oy IUHE AL, AR ok B B 5 U0 TE & e ok B8 1)
7R 2. FeOOH (& 4d) #a #v —
HE— 20 55 UE T A1 R Wk BE X Bk AR AL W) U R A

Fe(OH), (A 4¢)

TR . a] DU 0 A PR G S S A A AR
ﬂi‘ztlﬂ AP M Fe' MR TR kR 2%
PFT ¥ T R T 5, T A A ) R 5 T
AR BE AR 2 ) 5y s T 1 Ml R AR 2%



80 OB b % 45 &
M@ =10 LA+ ELE 40 () 10 gL Gl +HBZ
——2.5 g/LiE AR+ B R} ——2.5 /LI AR+ B}
6l —— 1.0 gLiBAER Ep 32r ——1.0 gLl AR+ T}
——0.5 gLilifafik ——0.5 gLiiAER+E b}
, —+—0.25 g/LifA| Eﬁﬂzﬁ 24} —+—0.25 gLif A+ B
=)
S of
il
5
—~3 L
—6]: !.«/—’_/«
_9 1 1 1 1 1 1 1 1 1 1 1 1
0 4 8 12 16 20 24 0 4 8 12 16 20 24
it i /d fitfia)/d
Pre e logumpmEsn 12r @
——2.5 g/LiEAMR+ERBE 9l
10F ——1.0 LI AR+ B A1
—v—0.5 g/LiliAfR+ER Bk 6F
| ——0.25 g/LiB A+ RSB
g z 9
©
% ot Q OofF
E b
3 5 3l
=St ——10 g/LIEAFR+B
. —6f ——2.5 g/ B AR+ Bk
—10k ——1.0 g/ LI iR+ B b}
9l ——0.5 g/l AR+ E =5}
——0.25 g/Lifi AR+ B =5
_] 5 1 1 1 1 1 1 1 o 1 1 1 1 1 1 1
0 4 8 12 16 20 24 = 0 4 8 12 16 20 24
Pt [a]/d fistial/d
B4 BERIABRFIMEZBIEPEXEREHIAE

Fig. 4 Time-dependent variation of relevant saturation indices during biotite dissolution in

tartaric acid solution

2.1.3 A ERBHBEMFE

TEATR) BT i vk B SR RIS W AE R, SR = B
b R pH R 3 PH R T A Uk R B T [R]
AL ULIE 5, W LUF . pH BRI E] 5 8 T E
B, TR FOR VA WA R R, b T e R G L 1)
i O MR BRI (10 g/ L Al 2.5 g/ L) BEE A1 3K
YeFFIR A BT (R B A MRS E M. pH b
FHAT 58 50 W s Ak ok B v R R 21 43 B b R BT A
HAK, £ 0~0.5d W, K" (E 5b) Pk Bl 7
2 AN IEBWEBE AR (10 g/ IDFER F LK &
W BE WA I 3N 5 e T 1 4 5 > B A R T i R AR
flR(<2.5 g/LO B, K" it i ok Bl b J I SRR
BRE; ® 21 d,p(K") 2l 62. 95~99. 08 mg/L,
TFe( 50)TEA R R HHET 0.5 d Btk , J5 11
e 2 AR Mk BE 3R AR (0. 25.0. 5 g/ R &R,
pC TEe)$EIE A 0, ULV il A PR Bk A — IR ULTE
21 d i, p(TFe) A 0. 27 ~35. 01 mg/L., Mg*"

(K 5d) 5 Sit™ (B 5D R & HAE oL 97 3t |
T2 JE WA B, 14 d J5 T RE; 21 d i,
p(Mg”" ) K 16. 99 ~ 57. 34 mg/L.p(Si"" ) N
7.36~53.44 mg/L, A" (& 5¢)fF 10 g/L #i
2.5 g/LBRFARRIE FH F.0~0.5 d P B i Tt
L B TR 2 d JE g M T & VM1 g/L
FUFTAE 0.5 d J5 B A RR s 76 AR ok 3 3% 11 1R
(0.25,0.5 g/IDAKZ i, A" B AL &
21 d,p(AP" )4 0.40~25.10 mg/L, A%, 5
JEE BT FATR 2 I B R S M R AR T L X ]
REH I T H BRI S MM . HAN BB 4E R 5
) pH ML B Re S &8 8 FIE ke &%,
il U UCUE o DT 4t 125 4% BH B A RS 300 i 3
2 i BB 2 RE A R LV A

i 5 PHREEQC #5 # 15% | A [A] 51 & Wk B2
TE A TR V5 W0 Tk R = BE A R R & B Y AR A
TR A R A A4k, WL 6, W LLE H L X F



% 340

IR, DT AT E E R R KRR 81

AICOH),; (Bl 6a) , W1 ] ST i b7t J5 8 T 52
FE . TER R EIE IR (10.2.5 g/L) T, SI
B ZAH 5 & — 3. 65 Fl— 2. 33, IR & /NT 0,
FWAC A 1A R0 AL UUTE , 3 i 7 22 it
ITsfEm B mE IR MM (<1 ¢/LIKRT,SI
RAE B E—0.27,—0.36 F1—1. 27,8
0, 1 BH ¥ i 1 B2 b 5 B B ALCOHD ; BT V€ - 70 4l
i, Fe, O, (Bl 6b) 7E T A W EE T SI I & (H
3y 0.2.3.54.8.46.,16.82.,17. 83, ¥ kKT
0, R RULVE AT ik kK 4 . Fe(OHD, (K 60)
EEWE(=1.0 g/L)F SI &% H2 9N
—6.79.—5.12 f1—2.67,#/NF 0, LILIEFE

XAE 10 g/L & F SI{E N —0.90,/hT 0,
AL e v B BR R BC A 1R W
il ALCOH) , R4k & A6 W 1 UT V€ A i 2B 2 B4
SRR MR E BRI AU T . 5 K AEVIIE,
T BRI JS 0 BY a AR
2.2 IMNPFENEBEXNEZEZFRBEBIEHE
2.2.1 REBIEHEMRELTWK

22 AN R W FE A LR AR T S 28 = BEAE 5 oL
TAGIE LWL R 3. AT LAE L YA BRI A R
FIBE IR R & W BN 0. 25~10 g/L W}, % B
mEEAEMAEN . BEE A HLIR M T E L A
i JOT B AL S, U D R M B R, X R &

A5 FE AR 0T B VR B 3R AR (0. 25,05 g/ KRR BER s ol T B B . AR A BT AR AR AT A
TLTE 14 dJE B TIVE B, ST R Z{E 2. 02 L BRERR 1Y A H AR A 55 T A IR R A TR
M 1.51, FeOOH (& 6d) 11 3¢ B 2 L ML AR R .
107 @) - 1201 ) 66 (0) —a-10 /LEEHImRHE S 1
T +;05gg//LL§IEE§?iZi% 100 N\j/ = =y QL%EHM%Z%
——2. IR S - ) ——1.0 g/LIEFARR+RB =B}
sl 10 gLBEHEE AR _ S p—— ~ 05 o/ LIS B A
+0.5 g/LEEHRR B R} D sol fp B WL 025 LR HIERHE R B
7b 025 gLBEHIE B AR £ 1 £
— @ f:\n-’-”" i %
o 6 et geof |H—F———— &
N K W | i
st . e wiy ——10 g/LIEFAFR+E B s
gl o » 2.5 gLIEHIm B AR £
T S ——1.0 g/LBEIARR+B 2= B)
sf 20 0.5 /LI B A
[ +-0.25 g/LIEFARHE B
2L 1 1 L I Il Il 0 L 1 1 I -1

i ikl/d

——0.5 gLIE R+ BB
+-0.25 g/LBEIABR+ B = B

12 16 20 24 0 4 8 12 16 20 24
fist 1a]/d

(0 10 JLITHE R

—-2.5 /LSRR = B
75¢ ——1.0 g/LIEFHR+E B
B = ——0.5 LI+ B B
—— 10 g/LIRFERHERRE ol ——0.25 g/LIEFAIR+ B A1}
2.5 gLIERRHBEREE  E <
—— 1.0 LB R R W

0 4 8 12 16 20 24 0 4
i i /d
90, B 30p
(d) ——10 g/LIFFARE+R B} (e)
——2.5 g/LIEFARR+ B R 1} 25|
75¢ —— 1.0 gLYEFFR+ B R}
< 0.5 g/LIFFIR+E R )
D | 0 yLEHERA R ER
@ : w15}
%” T:t 51
1l _5 1 1
24 0 4

it iEl/d

it 1a]/d

12 16 20 24

fist [a]/d

Bs5 EBHBARAMEZBEEP pHNFTERBFRERERHMEMNETL

Fig. 5 Variation of pH and concentrations of major cations over time during biotite dissolution in
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Table 3 Changes in sample mass after treatment

with organic acids at different concentrations

[ICZUES PR T B VR / (g/ 1) FE BT AR AL /g
10 —0.0355
2.5 —0.027 5
ik R 1.0 —0.021 2
0.5 —0.019 3
0.25 —0.012 6
10 —0.037 2
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WA TR 1.0 —0.019 8
0.5 —0.014 7
0.25 —0.011 6
10 —0.027 6
2.5 —0.020 8
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0.5 —0.016 2
0.25 —0.010 7
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Fig. 7 X-ray diffraction patterns of biotite

before and after organic acid dissolution
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Fig. 8 SEM images of biotite surfaces before

and after organic acid dissolution
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Fig. 9 Changes in pore parameters of biotite before and after organic acid dissolution
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Dissolution Effect of Small Molecule Organic Acids on Biotite
WANG Can'?, LING Yang"?, ZHANG Hui"?, LI Feng"?, DING Dexin"*
(1. National Defense Key Discipline Laboratory of Uranium Mining and Metallurgy Biotechnology,
University of South China, Hengyang 421000, China;
2. College of Resources Environment and Safety Engineering, University of South China, Hengyang 421000, China)

Abstract: To enhance the leachability of low-permeability uranium-bearing strata during in-situ leac-
hing of uranium, biotite—a mineral commonly enriched in the Nalinggou sandstone type uranium de-
posit, which often leads to localized densification and impeded fluid flow—was systematically investi-
gated for its dissolution behavior in the presence of three low-molecular-weight organic acids: citric
acid, tartaric acid, and succinic acid. A comparative study was conducted through dissolution experi-
ments and PHREEQC simulations, combined with analytical techniques such as X-ray diffraction
(XRD), scanning electron microscopy (SEM), and Brunauer-Emmett-Teller (BET) surface area anal-
ysis. The research focused on the mechanisms of structural alteration, cation release characteristics,
and pore parameter evolution of biotite under varying organic acid concentrations. The results demon-
strate that organic acids significantly enhance biotite dissolution, leading to increased cation release,
aggravated crystal structure degradation, and expanded specific surface area and pore volume. These
effects intensify with higher acid concentrations. Among the tested acids, tartaric acid exhibited the
most pronounced dissolution effect, increasing the specific surface area from 4. 071 8 m®/g to
9.184 5 m*/g. PHREEQC simulations revealed that organic acids effectively inhibit the precipitation
of AICOH), and iron oxides by complexing with AI’" and Fe*", thereby prolonging the mineral disso-
lution process. The study indicates that low-molecular-weight organic acids can improve the permea-
bility of uranium-bearing layers by enhancing mineral dissolution and optimizing pore structure. These
findings provide a theoretical foundation and technical support for improving uranium leachability.

Key words: biotite; organic acids; dissolution; porosity; permeability; in-situ leaching of uranium;

sandstone type uranium deposit



