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Fig. 1 Analysis of particle size of the classified tailings

and slag based cementing
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Table 1 Chemical composition of the classified tailings and slag based cementing (%)

MR Ca0 Si0, ALO, Fe,0, MgO K,0 S0, TiO, P,0, Na,0
SRR 0.47 53.28 8.63 1.90 29.00 1.46 3.76 0.11 0.16 0.36
iz 13 40.10 24.45 10.30 1.16 5.57 0.50 15.87 0.85 0.05 0.77
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Fig. 3 Rheological curves of CTCB slurry with different HPMC dosages
250 2.5 60
—— R R EET0%, —_ — BER R BIRET2%,
<2001  AREMEI14 £20F KoL . 50
= 150 | ~ PR 0%, S & ao}
N REPEE1:10 . KAPHE1:10 50l
= 1001 W& 10} B0l
E 50t il 05t = —— KRB R T2%, IR 1:4
Y 101 iy o
. ) ) . . ) —— FERBRRIK B 72%, IREPLE1:10
0 0.1 0.2 0.3 0 0.1 0.2 0.3 0 0.1 0.2 0.3
FHRTIBEI% LFUAEZRTIB R % LFUEZRTIB R %
(a) JBIRR T3 (b) BRI ¥ RE

4 FERAEREAEZEESREVRENRRTSHETRE
Fig.4 Rheological parameters and expansion of CTCB slurry with different HPMC dosages

RN NI N AR U 5 W 9
FEURMEY R . HE 4 0], 4R S R SR
WL SRR, RIBEE 27 4k K k2 H A3
T RERE " T B ARG, 150 W £ 24 2 7k A9 42 T2 %l

PR IR W sh = A AR . Y KAD H
K LA nt, L4 E TS R 0 N = 0.3%, Tk
WY AL T 49.18% 5 KA HL K 1: 1015, £F 4
ZEEB R 0BINZE 0.3%, Fo BRI JREEEAL T

2025 £ 108 % 33%&-F 5

1055



1056

B4t

49.78%. FEHJFH FER B LR BB A,
SEE R RR A BPREE  OREI T S AR S5 H 1
B, 2 SRR 2R PR A K S R A
FH) A K& AR, S EORR T ah MR
22 FHEZBXIDRER FTIERIIR MK RN
L5 BT 7R 2R 43 9 R A0 78 ORI WA 7K 38 Bl £F 4
Rt w2, &S v A, Rl 27 2 2 ik
BRI, FEEURL R K R I I SRR B, R
HH &1 4 2% ik oo} 7o 3EURHIK BE NS S 21 K47 I BROKVE .
NoF TR R B K T0% KRS R 14 f) FE 3R
KR YR kB D 03 N 22 0.1% F10.3% B, Wk
IKERAT AR T 86.129% Fl 100% ; X T4 3 it it e
B R 70% JRAV EE M 1:10 B FTEHUREY | 47 4k Rk B
MO 0.1% F10.3% , WK ZEFEAR T 85.90%
1 100%. F2HJFE I - i Tor R b s R R o
S Yl R AN il e 1 AWN SR T TS
JIF 7 HE 1) 28 ) X 2 S50 (R 50 st /b (AR R T A
K S, 5 I WK S . BEE 2T 4 R Bk
BRI SRR IR S5 49 12 i 22, K 4y 2 b
PLZE DK I8 bk R 2 TR R N, B0 K % 5
EEC. DR FEHURLIK M KR I K TR, A
Rk s TR M AR D T T LS, TN AT
B P4 R o RS SR TR
23 FHEZEITDRER FTIEMEKTEEE RN
&1 6 T 7 R AN () £F 2t 25 ik 45 1 e SR BT R it
JEE BE (B AR A . fh B 6 R, £F 4 R kY 15

30
! —o— BRI T0%, IKADL1:4
25 & P BRBE72%, IRRDEE1:4
—o— BRI RIKEET0%, KAPH1:10
20 —o— BHE IR BIREET2%, KTPHE1:10
I
{}ér 15
10
5 L
0 0.1 0.2 (:3
LYFETEE R %
Es5 ERNEREAEEBENIREVFTEME
AR 2 B 2
Fig.5 Effect of HPMC dosages on bleeding rate of
CTCB slurry

A2 S AR (3 ) A (28 d) 0 R 38 B 11
R A — P RIVE T, ELBE % £F e K48 1
T, FEIELRT R 8 B R AR B G R, X TR o
TR R T2% JRAD L R 124 B FEBA , 27 4k 2 ik
B 0 BN 2 0.1% M10.3%, 3 dH0E R FE 5y
MIFEAR T 28.91% F1 49.44% , 28 d 47 5 J& 43 1) [
iK1 24.40% F1 41.17% X} ELIE 6 (a) FTE 6(b) & HHL,
XTSRRI 0T v B ORRD LU i LA, T
558 3 A8 AL R B 4T 4 25 Tk 45 1 1 1 1) 2 I S
I # , Uh A 27 2k 22 Tk oot 70 JELUAR B e i BE A 5 T 32
RFIR R FE RN KA A SE MR /N o LUK o v
H 70% W FEIEAR ], Y IRAED LR 14 B A 4 R
Bk 351 1 043 S I 22 0.1% F10.3%, 3 d 47t T i JiF

—— IRTbHL 1 4, SRS R0

—— IREPHL1:10, SF4EERIS S0
—— IR 4, FFHERTIBE0.1%
—— IREPEL1:10, FEEBHER01%
o~ IREbLLL 4, FHEREIEB0.2%
3.0 |~ IREBHL10, FYERTIER0.2%
—o— KDL 4, FHERRIBE0.3%
o 2.5 |~ FAHL110, LUERERER0.3%

—— JRHPH1 4, LS RO
—o— RWPHL:10, 4R RBHS R0
—— RAbH1:4, FHEERIBR01%
—— IREPEL1:10, FLEZERHEE0.1%
—— IREPHL 4, FEREHEE0.2%
| —— AKAbH1:10, SFEERHER0.2%
—o— IRADLL1 4, SEREHER0.3%
—— IREPH1:10, YRS E0.3%

ot
o=l

=
=)

FUEHREE/MPa
s S

st
i\% Lof //
05 ‘;‘/ﬂ o T .,
—
0 5 10 15 20 2 0 5 10 15 20 2 30
FEiPETa)/d FEP B Ta)/d
(a) BEE BRI HT0% (b) BRI R BEEA72%

E6 RRNEREA4LEBENHRENTEERERENZI
Fig. 6 Effect of HPMC dosages on compressive strength of CTCB

Vol. 33 No.5 Oct., 2025



UL - ST R R B 7 SR AP FEBURL I R Sl -5 58 B2 B R MR S

I3 BIREAR T 16.81% F134.22%,28 d 3t JE 58 B 43 51
FEAIR T 18.03% H124.25% 5 24 KD LR 1:10 B, 7E
B AR T 3 d P03 RE R 53 51k 28.48%
H142.73%, 28 d Bt e 56 B 0] 43 5 AR T 38.90% il
51.06%. [AIAE X5 TRHR ot i R B 729% KD 1L
1010 (SRR £F 4E Z k45 5t i 0 4303 i =
0.1% F10.3%, 3 d 4t 58 FE 53 5| B AR T 28.48% Fl

() FFHEERHER0.3%, FEPidiIs d

42.73%, 28 d i F& 5% BE 4 i B IK T 48.25%
51.38% it o3 B SE AT 25 ¥4 1] Y 22 5, B3R
£ Y IR SIS 5 B 7 A N R 5 ) g S AL
24 FEIEMKEM BT

(1) FeIE A SEM 43 Hr

RIFILT 4 Rk B R R TR R 72% KD
F 1:4 1 53 90 R0 st LA PR R 25 44 SEM 1] tn ] 7

(d) FEERIEE0.1%, Feirdibis d

() FFYEERIBR03%, F R 28 d

E7 AEABEEREREFHEZRHSRERDFTIEEKSEM
Fig.7 SEM micrographs of CTCB with different HPMC dosages

2025 £ 108 % 33%&-F 5

1057



1058

B Pt

Fios . HE 7RI, 48 5 R B A4l R kY Tk
KA W3 F2 T A AR T R R K AR R
(C—S—H) At Btk i E5 L (AR #4521 2 3% ik
48 AR U S R KAk = P 2578 B 25 3R 3 B
E] H1 3 d 380 A2 28 d, i [ERS ZKAR S R AN B i 47, 7K
AR RS NS BRLA AR I 22, T 7T T R D 0
FUITIE B 28 Bh K Ak = 6 2 | se stk ses t
PR BHE &, oo B Bl 8, X LU [R] 35 47 s ]
TBE5RBL %R FTIHIESEM E |, & AR LT 4t
F k1 SR IAR NS A 2 KA, SR R
R . AERBINAR 4 Rk R, KAk
FEMRES (C-S-H) B 2 T R D0k B 85 i A 2 18, JF
SRS A B TV s B] X 48 4544 ; TR] B, 561
AEFLBR IR g AR A R R Ak FLBRZE A, 12
THT SRR . MIHLZ T B8 AL 4E R R
FEHUAIKAL =9 B D | KA REFRES 5 A5 1A 2
[i) B 5 2V PR URCST , 605 AL o L Bt Ay S 7 AP A sk
TN BE T 3B HUAR PR K 0 S LI AR
HOREERRAR . TR DN — R £ 2 2 Tk 2 ) 2 e

8.0
WORRE R BIREET2%, IRAPHL 4
m R R EE72%, IKRPEE1:10
o 6.0 |
18
%
4o 4.0
T
Ei
S
0
0 0.1 0.2 0.3
HEEIIBE%
(a) FFPPISHIS d

A OB AR AL 7 9 2R THT Y AR A2, BLAR T K 5
U2 Ty AL 1) 245 4 RN E— 2L K AR RN, D% T 2 [
KoK AR B Ny g R (FESF LA, 2011) s /R 4P 4 %
Tk X6} 2 R AP SR HEGEE B AR K VR T, BRAIR T L3R
AR e, (A [ K AR 105 At J 1 YRR 2
TR REAC, HESE T KAk = 1 45 S DT i
(B RARAE,2019) , & SLFME AR T K4L™
S04 o= L L B 0 N P = WA o191 1 (1

B L Y R Tk se A ok A B s b mT
Il 2E 2 A K S I 2 R — 2D B UE AN ]
YR kB IR 2225 G K I 25 2 a0 K] 8
TN FRIA R A B85 A K B ity , YR TR A K
Al 7= S e e I 8 BTN, R TR R vk
K 72% KA R 124 B SRR YA 2 K k45
1 0 23 5341 22 0.19% F110.3% I}, 3 d i3 3 S5 LA Y
fb2E 2 G KB Ay IR T 17.87% 123.75%528 iy
1 70 AR B Ab 2 25 A K B 43 0 BEAR T 7.63% A
11.21%, 45 3R W] F 4 Z k45 i b m , ek fb e
A5G /K BRI

8.0

W R R R EET2%, KAPEL1:4
m OB R EREET2%, KAbEk1:10

60
J1 40}
I
Elug
= 20}
0
0 0.1 0.2 0.3

FHEREHE /%
(b) FrPERIYI28 d

K& /%

E8 EREREAYEEBENIRENREFRLELEGKENZIN
Fig. 8 Effect of HPMC dosages on chemical binding water of CTCB

(2) FEHUARFLEE I 5Bt

FL I 235 4 2 A 70 AR 5 S 1 R AFFE A o
(&1 9 BT 7R S RHI T R B Ry 72% WIS [R) 27 4 R ik 42
RS FEIEAR PR LA S0 A th 4 X LR 9 (a)
FEL 9 () A A1, B 25 74 s 8] A4 386 T, AR ) £ 2 %
it 2 5 70 AR 1Y I AL AR (Yilmaz et al, 2011) (3
R i e 22 b B X L ) FLAR ) ) /N FLAR — IS B I
FALRAS N, B REES 58 OB, FEIHUATE S
P13 A I FLALAR N 1.314 pm, 2 28 d /N &

Vol.33 No.5 Oct., 2025

0.552 pmo Il FEFLFEBEFR 3 B[R] A S T 98/ )s , 26
WK AT ) AN W A 180, AR ol N B AL B 45 40 4l A , %5
SRR ISR S SEM A3 M 4 R —E. ZEAA A R
PR N [R5 i 21 4 2 Tk e LR 1 i LA AR
AR SRR A 2R FRHE ]
FE S 2T 4k F Tk 52 M 0 S Y ARk Ak = P A i, L
“EREERLN R T R R (4 K Ak s g R R A K Ak
TR A RIS, R BOGTIRAR N B R U HE AR
TV B 28 B LTS | Al b £ B AR, (AN [R] 45 2



UL - ST R R B 7 SR AP FEBURL I R Sl -5 58 B2 B R MR S

=
=
=)

—o— IREbLL 14, FHEERS RO
—a— IREPL 1, RS R0.1%
[ —— KL 1A, FLERRHE 20.3%

FURAEFY(mL-g ™)
s o @
E & 3

o
=)
]

=)

10 100 1000 10000 100 000
A2 /nm

(a) FHPIR I3 d
B9

—

FLEBEFY(mL-g )

0.08

—o— IRWPHL1:4, FLEHETIS RO
- IR 14, S YE RIS R0.1%

0.06 | = FBLLL4, FAERBER5%

0.04 1

0.02 |

-~

10 000 100 000

160 1 600
FlL42/nm
(b) FEHPIEHA A28 d

0
1 10

SREWFEEEILES ML

Fig. 9 Pore size distribution of CTCB
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Table 2 Characteristic parameters of pore structure in CTCB with different HPMC dosages
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Study on the Influence of Cellulose Ether on the Fluidity and Strength of
Classified Tailings Cemented Backfill

LI Hongpu', SHENG Yuhang®, JIANG Qianshan', WANG Jingdan', LIU Jie’

1.Shandong Jinzhou Mining Group Co. , Lid. , Rushan 264501, Shandong, China;

2. Backfill Engineering Laboratory, Shandong Gold Mining Technology Co., Lid., Laizhou 261441, Shandong,
China

Abstract: To investigate the influence of cellulose ether on the fluidity and compressive strength of classified
tailings cemented backfill (CTCB), hydroxypropyl methyl cellulose (in concentrations ranging from 0.1% to
0.3%) was utilized as a cellulose ether admixture. The variations in fluidity and strength of CTCB, both with
and without cellulose ethers, were quantitatively assessed through rheological, expansion, bleeding, and
unconfined compressive strength tests. Furthermore, the differences in microstructures of CTCB and the
mechanism underlying cellulose ether-modified CTCB were investigated using chemical bonding water tests,
scanning electron microscopy (SEM), and mercury intrusion porosimetry (MIP). The findings indicate that,
compared to CTCB slurry without cellulose ether, at a concentration of 72%, an ash-to-sand ratio of 1:4, and a
cellulose ether content of 0.3%, the yield stress and plastic viscosity of the slurry increased by factors of 62.66
and 8.55, respectively, while the bleeding rate was completely eliminated. The addition of cellulose ethers to
CTCB slurry results in increased yield stress and plastic viscosity, while simultaneously reducing the bleeding
rate and enhancing the stability of the slurry. The effects become more pronounced with higher dosages of

cellulose ethers. Notably, the expansion of the CTCB slurry decreases by 49.18%, indicating a negative
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correlation between cellulose ether dosage and slurry expansion, which suggests an adverse impact on the
fluidity of the CTCB slurry. Furthermore, cellulose ethers exhibit an inhibitory effect on both the early (3 day)
and long-term (28 day) compressive strength of CTCB. Specifically, when the cellulose ether content is
increased from 0 to 0.3%, the 3-day compressive strength decreases by 49.44%, and the 28-day compressive
strength decreases by 41.17%. The reduction in compressive strength becomes more significant with higher
dosages of cellulose ethers. Scanning electron microscopy (SEM) analysis indicates that the incorporation of
cellulose ethers does not alter the type of hydration products formed by the cementitious powders. The findings
from the chemical binding water test suggest that incorporating cellulose ethers leads to a reduction in the
content of hydration products. Observations utilizing mercury intrusion porosimetry (MIP) demonstrate that
cellulose ethers introduce air, which subsequently increases the macropore content and overall porosity of the
backfill. This results in suboptimal densification of CTCB. These research outcomes offer a valuable reference
for the application of cellulose ethers in the modification of CTCB.

Key words: classified tailings cemented backfill; hydroxypropyl methyl cellulose; fluidity; compressive

strength; microstructure
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