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Preliminary study on the engineering application of polymer-
modified bentonite-sand mixtures for seepage control
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Abstract: Polymer-modified bentonite ( PMB ) has been extensively investigated for
industrial waste containment due to its low hydraulic conductivity and salt resistance. Its
performance under actual field conditions, however, remains insufficiently
documented. Swelling and heavy-metal adsorption behaviors of PMB and sodium bentonite
(NaB) were systematically compared under varied contaminant solutions. The hydraulic
performance of polymer-modified bentonite-sand ( PMB-S) and sodium bentonite-sand
(NaB-S) mixtures was evaluated. Furthermore, the feasibility of using in situ phosphate
mine waste as a substrate material in PMB-based barriers was discussed. Results show that
across the pH range of 2 to 12, PMB always maintains a free swelling index greater than
50 mL/2 g, significantly higher than that of NaB. Additionally, its adsorption performance
for Pb** and Cu®* is superior to that of NaB, with the removal rates increasing by 58. 42% and

61.31%, respectively, particularly in acidic environments. The hydraulic conductivity of
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PMB-S is significantly lower than that of NaB-S, and may consistently achieve values below

1x10™* em/s in most contaminated environments. The mixtures of PMB with three phosphate

mine wastes have comparable hydraulic performance to PMB-S, confirming its feasibility as

a barrier material. Furthermore, field demonstrations in alkaline lead-zinc and acidic

phosphogypsum tailings validate the robust hydraulic and contaminant barrier properties of

PMB-S under actual conditions.

Keywords: polymer-modified bentonite; swelling characteristics; adsorption properties;

hydraulic conductivity; in-situ test
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Table 1 Basic properties of sodium bentonite (NaB) and

polymer-modified bentonite (PMB)

" FHE ¥ 28
. i / L
o dE R/ %  ¥BRR/% ﬁ%%é‘? s st/
(mL - 2g ) -1
(cmol + kg™)
NaB 2.74 242.8 72.6 29 83. 69
PMB 2.32 598. 4 105.1 76 95. 00
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Fig.1 Matrix materials used in test
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Fig. 2 Particle size distribution of matrix material
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Table 2 Pollutant content and physico-chemical parameters of phosphogypsum leachate ( PL) and

lead-zinc tailings leachate (LZL)

oH L/ CcoDn/ wiems b v As/ Pb/ Cr/ Cw/ Cd/
(pS-em™) (mg-L7") (mg-L™") (mg-L") (mg-L7") (pg-L™") (pg-L™) (pg-L7") (pg L™
FRIE(V)  6~9 — <40 <1500 <400 <100 <100 <100 <1000 <100
LZL 12.23 3 580 211 81 — 117 97 275 53 —
PL 1.88 14 980 — 2753 1771 1283 3924 1595 — 51
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AbARUE JG/T 193—2006) #E47 H I Ak 5 Zom i,
HARGBRWT . Jefricgid 200 H i 43 19 2 gPMB
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5 NaOH #°5 pH, F53 5 F7 I 0. 2 g () PMB & NaB
IAGRF, I8 HE T 20 °C /Ky 1E IR & Al
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B, W5, KA PXSJ-216F B Fi-H v i b
Pb* | Cu™RYMREE, JFit% PMB Al NaB Xt % Fp 2 1
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FIFAB IR A N & GE, WAl PMB Fl NaB
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5, DABCHR ST B 4 Ik o 4 R e S bR TR I rpoig ]
it SRFEMAL R R . R T % (maximum dry
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content, w,,) W23, 2 (L TR %kbrfE GB/T
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FIER TR R SE, ¥ R 22 LU B0 45 S0 B A i 41
i, IMATK B EAR B KR, PSPy o) 5 H A B 48
A, k24 h A, RIE (RAaTRET YR
Bz # k) (T-CECS 2010152—2021) Bk, ALk
SEEEREIA 90% , I FH #0258 B M ORHE A
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Table 3 Composition of specimens and

compaction test results

NaB/PMB/ S/GP/SP/

- PC/% RRTEE, Bk,

% % (g+em™) %
PMB-S 10 90 — 1.56 16. 4
NaB-S 10 90 — 1.52 14.2
PMB-SP 10 90 1.79 15.4
PMB-GP 10 90 1. 65 14.4
PMB-S-PG 10 40 50 1.51 24.7
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Fig. 3 Cross-sectional diagram of test site

construction in the lead-zinc mine area
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Fig. 4 Test site construction procedure at the lead-zinc mine site
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Fig. 5 Free swelling index under different solutions
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Table 4 Removal efficiency of Cu’** and Pb*" by
PMB and NaB under different pH cases.

SAE(4)R) NaB 7/% PMB n/% PERESR T/ %
pH=1(Cu*") 49.47 78.37 58.42
pH=4(Cu*) 90. 29 96. 05 6.38
pH=7(Cu®) 99. 44 99.79 0.35
pH=1(Pb>*) 53.32 86. 01 61.31
pH=4(Pb**) 87. 06 94. 14 8.13
pH=7(Pb*) 99.76 99. 98 0.22

PL(Pb*") 45.82 73.12 46. 49
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EUEHRAFBRB AT THEERLE, JF S
PMB-S #1471 XF oA, 4 FhEEBTR R (S, SP, GP
FPC-S)WUHBE R B 45N 3.95%107*, 3.42x
107*, 9.91x107° 1 8.38x 107 em/s, B A 10%
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Fig. 6 Hydraulic conductivity under different solutions
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Fig. 8 Microstructural characterization of PMB
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Fig. 10 Surface water level observations at the
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Fig. 11 Seepage conditions of the lead-zinc mine test pit
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Table 5 Physico-chemical parameters of seepage

from lead-zinc mine test pits

pH 6~9 12.23 6.97 7.13
<pi§%#j§f'> — 3 580 2150 1 480
COD/(mg - L") <40 206 77.2 3.8
Ph/(pg - L") <100 97 21.6 7.9
Cu/(pg- L) <1 000 53 5.1 1.9

3.2.2 BB S b

ZMIRLE T, BRI R R (pH<2), BE
W WIS YY) . % PMB-S & GCL 4b, R 1
PIIK w6 8 M S M B PMB-S-PG, X X = F
BB #BHE HDPE 58 42 2R 80561 T 0 i A B R -
(BTSRRI RE . 25T .

By, B 12 FE 13 2 HER T =B
RHE B ARG i 2 KA AR 1 B 60 d PN BB I A
MPBHE . P74 45 d BF, PMB-S-PG Hi&miKE
FEAFIE, T PMB-S 5 GCL Y& m{n A W K
fii, H PMB-S HU/KALEE = T GCL 5, P10 FIWr =
BB RSN . PMB-S >GCL>PMB-S-PG, #t—70
B (B 13) R, ZERT 15 d N, PMB-S-PG 1Y
SERB IR K 4.68 L/d, BFEEHT GCL(1.93 L/d)
MIPMB-S(1.29 L/d), RHEWHIMN2 =35, M
Iy 45 d P9, =FOpHRHE 835 300 3R Bl K AR5 22
TR, Hidh PMB-S-PG [fiRf ok, £FHB
B R K Sk R B, BB A R A 2 M
PMB-S G AR RARB M B, BB R i, %
b, FERREBIERA T, PMB-S B H HRAER B
PERE, AN GCL WA SO kL i PMB-S-
PG B R, HAE %28 T o0 0 3E A0 7
HE— 25 BE

BHRTGRAG I . 25K 560 B 1B T TR A A
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SHIB W TR BB, PhRERRIRE K, 4351
H42.59% . 65.56% . 61.14%, i As Fl Cr ¥ i %
5 GCL Yi#fir, Z5A kA, PMB-S MR &1
Ye SR W B REDE T GCL, TMitH L Z F, PMB-S-
PG HB R 45 8 bR 1 5 T PMB-S, X W] fig 5%
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Fig. 12 Surface water level observations at the

phosphogypsum test site
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Table 6 Physico-chemical parameters of seepage

from phosphogypsum test pits

bR ®8@aE  PMB-S-PG PMB-S  GCL

i (VE) miki Bl Bb B

pH 6~9 1. 88 3.02 4.21 3.59

( :STE’FL};{] ) 14.98 11.92 8. 63 11.47
,‘E’ﬁ?@/(mg LY <400 1771 1 503 610 789
Pb/(pg - L7t ) <100 3927 2 034 1 526 2232
As/(pg * L ) <100 1283 849 543 536
Cr/(pg - Lfl) <100 1 595 797 653 672

55 B T 5 8 0TS YR bR 0 o B 45 SR T
A1, PMB-S 7E H 3 AL T GCL 1Y B & 5 B R
PERE, B2 GCL MR J1; 1M PMB-S-PG WY&
BORAXT2E . AR, PMB-S-PG 7EH 4 5%
T 90% F& 55 B2 T W8 i & B0 PT 4 7 7E 3.92
107 em/s, HLF 52 EERG ning B B, [R) i SR R
KPR SRmrERE > . ik, &% PMB-S-PG
TERRFRIABE T B 8 &8O T Ry [l @, 78 i FH i) 2%
R SR PMB 25 340 S8 B SR B TE S IR 2
HPEEREE TN T, RIS LR A BB M RE
3.3 B IIBgITEIL

ZEWNIAE SR EUERY], PMB A RIF4L
PRt ER e, RETE & A2 fb s B8 rh DR AR OE S5 0 B ik
PES R, JUHAE R FE . w0 b 5 R S5 A i 2 AF
T, PMB-S BB RO W FAE 4 GCL, HM{EAH
[ 4 R al i Je ik PMB-S 1E BB M kL, 456
T FE s S BRGSOk, AR TORE R R
OPMB $Bit . 78 % MA@ W H T 5% ~ 10%,
A TR IR B S R A, PTIEMIREE 15%, LA
TRIR G RN B REIEHIE 1x107° em/s IRy @HRSE
JEZR i T REEANEART 90%, SEm T 4Tt
& 3% LI — LR B B R O A R e
NS IR o A0 B 0 . 5 YR BE B IR A AS b A
B SP 3 GP), Mifk2E el E 440 PG HiEH T
SR ET R, @OF 2RIt WEEEEANT
7 em, INAIARHE (AT F R G W BB MO
(T-CECS 2010152—2021) H (1) - i 3 1 kb 2> Utk 47
RS,

4 & &

AHIEFE 58 5 5 W b 2 1 -0 44 ) (PMB-S)

% W% - REVEHEEL-WREMS RN BMR

B 95 BB 1 BE R B T AR N R JF, ST T
PMB-S 7E52 2= i o IRAE A BE T 19 TRk fE, IFHRT
TR TR 7 i IR AR R AR S SR BA R R W AT
Y, AMREEEZN SRR, RESH T EE
LR,

(1) M TIPSR, PRI AT PMB 1 NaB
PR RE R e R, TR, RS M B A B
DRI TR K RN TR B YRR R T B U8R . PMB
) 1 FR R I A A s YL R R 4R 24 NaB 11 2~3
i, XF NaB 1 &, I MK & Bl 2 0 2 1S K R
ik, #HE NaB, @=#HEF/EHT PMB A2 KT
Fe, A Ca g W %, REHRT ™5
RWEIREN >4 L RBARE G, SEOREESE
Wk

(2) PMB X} Pb* F1 Cu®" 1) W B 24 R 2 340 T
NaB, JUHAERRIESA: PMB X Cu® I Ph>* il £ [ %K
S NaB #2755 1 58.42% M1 61.31% , X155 T
REVKE FAEERE SRS FBARERN M
BRI, AN, o BAERKERRNS 5K TEES
R Cu(H,0) 17 B AW, 35 A 7K B B A T I
SRS M 2E A, AR £ X Cu® 1 25 BRRAK
T Pb*,

(3) RHBET = EAENGBETME, L3
PMB-GP Fll PMB-SP FEf A BB I8 195 15 R A
KT PMB-S, IMifE 90%ESLE T, PMB-S-PG 515
FECH 1.21x10° em/s, BHBACRES, XRIRA
Fiifs GP F SP 7E#E A 8 M3 h i i 1T B & TR AT 47
Pk, i PG T B HE— 1A

(4) PMB-S 7E W 5 R0 2 Bl 1 7 ME X
PIFR T80T ¥ 3R B0 AL 48 58 GCL 1 B & Fl B TS5 2L
R, EHBERY TOT, GCL HUR B i 24N
PMB-S bTiY 74 %, HAEMRGEFEH I E] GCL I
BRI R G, TEBEAE MY TN, BB sk
JAR YR N PMB-S>GCL>PMB-S-PG, 7KUEREAH (PG)
TS e T S R AT BB R A RV, SR B AL
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