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Abstract

In order to respond to the “low-carbon” strategy and promote the high-quality development of con-
crete structures, Ultra-High Performance Concrete (UHPC) emerged as times required and became
an innovative cement-based composite material that emerged at the end of the last century. UHPC is
known for excellent mechanical properties, excellent durability and exceptional workability. 3D
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printing concrete technology is emerging in the field of construction engineering at world due to de-
sign flexibility, reduction of material waste and high yield. In this study, antimony tailings were in-
corporated into UHPC with 0%, 10%, 20%, 30%, 40% and 50% content as fine aggregate, and a new
3D printing technology was adopted to research the influence of antimony tailings on the three-way
compressive and flexural strength of 3D printing UHPC at 14 days and 28 days. In addition, the dif-
ferent proportion of antimony tailings was studied in the influence law of 3D printing UHPC. The
results showed that antimony tailings enhanced the early and late strength of 3D printing UHPC.
When the content of antimony tailings is 40%, the three-way compressive strength reaches 123.4
MPa, 125.8 MPa and 135.5 MPa respectively. Compared with the base group of undoped antimony
tailings, the strength is increased by 11.7%. Antimony tailings weaken the difference rate of com-
pressive strength in the early stage, emerging with a greater effect on the final strength. The change
rate of flexural strength in the early stage was consistent with the change trend of anisotropy in the
final stage and remained at a very low level.
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Bhef, IR FH 3D 9T EPHE AR SE B 28 SR (A AR, AR RIS @ it T — 26 ORI R (13 42 [5] [6]
JRAEE NN A KT T 3D ITENRE RE LA FE, (H55T 3D fTEIRH UHPC B ST A AR &b . B
I, AR BT B B (E VA RS G m M AR VR B (UHPC) (7] [8], % 3D FTEN UHPC =[]
PUE S PO R B 520 o B FORAR T E UHPC KRk i 48 NAS[R] LG4 ()86 B AT (0% 10%. 20%- 30%. 40%.
50%) (1 RE AL IR . HSeBl HbR, AT T — RIS, FEE T ARFS 04 RS 28
R) NI =M E S .
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R, N T HEAFBE0%. 10%. 20%. 30%. 40%F1 50%) 146 R X 3D T ENid
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Table 1. Test mix ratio of 3D printing antimony tailings UHPC (unit: g)
7 1. 3D TENHEFN Bt R R LIRS L (B g)

R UHPC H7k} LY 7K B TR A YERb
1 1000 74 83 0.0 150 100
2 1000 74 83 100.0 150 100
3 1000 74 83 200.0 150 100
4 1000 74 83 300.0 150 100

1000 74 83 400.0 150 100
6 1000 74 83 500.0 150 100

3. RIEFEHE

RIGHI % 3D FTENEHEN UHPC i EEE ARk B TR & A /KID 80 1L e BN R k. %
KA B Eh R B SL I8 AT TR AR B, R AH M RE T RSB BT fe S k. #il#% 3D 4TENERER
UHPC FEM B T8 R R 2 48, AR AR, K.
3.1. SRV BEWERSY

BB RIS AL S LSy WA 2. NR B H, BN R IO Ak 2 41 i 32 B3R BN A1 9E(Si0,) AT AlLOs,
G4y N 87.78%F1 6.28%.

Table 2. Chemical composition of antimony tailings waste sand

T2 HETEUHUFERS

2 RSy Sio, AlLO; Fe,05 Ca0 MgO K,0

EE(%) 87.78 6.28 1.45 1.61 0.11 0.42

3.2. &R, AEW

A TR IR RCRIAZRTE 0.1 um~0.3 um 2 [8] . ZEAS S, f AR BE 8 3R AL K Y /K AL i PR SR = RORE R
AL, RER AT B R b . A BE AN A R Ay 2%, AR T B aRA AN e . i
Red s T A MR S AR K M o A St vh SR P A b, 25 8 0 2.68 glem®, i /5 7 B4 FORE 3 vt
FLBREC AN 43%, ELERVAMERE N 0.4%, Hi K 120 H~140 H K/ho A 3ab 46 28 W& 3.

Table 3. Composition of quartz sand

3. AERAYER

Hpy Sio, Al03
B (%) 98.1 0.87
3.3. 3D FTEN#L

A FUAE FH B R R 29 P R I T A 7S e ) KA 3D T ENMLIE TR B FTEN, anlE 1 fros.
K 3D FTEINL A AT R EI S48 . FTEISL 4R, 4TEI G =R SO, BEeEUs 4. fTE
SLZH R, 3D 4TENEREN UHPC FTERDRFE NS 2 Frow, %% 3D #TERERERN™ UHPC kW1 3 Frn.
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Figure 1. Large 3D printer
1. K& 3D ITEI#L

Figure 2. Printing process of 3D printing antimony tailings UHPC
[ 2. 3D 4TEN$EEH UHPC $TENRAE
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Figure 3. 3D printing antimony tailings UHPC sample
3.3D $TENEA RN UHPC X4

3.4. $TENEI2

EAMTE Y, ST MmBERNSREN 1, RT3 Dt & 8 Sk, 3D 4TH)
(B FRAT PR R AN SO R D () S B0 5 R I

1) i€ 3D TEHLA BN RIGH R E &, JFAE 14 KM 28 RIEAT 12 Re MR I BC R, ARYE D &
EL AR LA BT o

2) 1l GYR20 RS HEFEHL, 7E 10 FHZEEH LA 100 r/min HitEE TR 5 4381, BEJS I 60%~70%F17K
FAMINFNE S, ST A 120 r/min fiE4E 2 7080, FEIDATRIAR KA, LA 150 r/min Fii#: 1
I35k, g BL 100 r/min $ig 4k 30 b

3) WL HIAELFBIENFTERNURE T, [F B S SR AR L, MR AT EN S, S A
MR, PETHH AL, BEEMEHZIIRH, 51853, ATk A e WILRHT B s .

4) TEFTENF-& LJ3CE A (REF I 57 )14, JE 20 3D 4T ENFR 5 b AT 5256

5) FTENSERLE, BURIRME, TESATEINL, ¢ H ik

PEAL 3D $TEPVREE T I ATHT ENVERT, ffiFH 20 x 20 x 220 mm [543  JI22 BT 52 T 1S0 47
#E, RH 40 x 40 x 40 mm 37741 40 x 40 x 160 mm FAEARE . FTED G HiR -2 D) 2P E A EE
FAE 14 KA 28 KT 15 ERENNR,  DIIRR AR IR LE, WlE 4 fis.

40 mm

Figure 4. Test size of 3D printing specimen
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Figure 5. Three-way compressive strength of 3D printing antimony tailings UHPC
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TE 28 RILHIM B, FEHEL D) = u R 58 E P8 ME 208 110 MPa, I H Jatf 5 B34 . 109%1)
BREN R, AWPURRERAEY 111 MPa, 4B RN A 20%F1 30%E), Pk EdE—Hm, o
WL FZ) 122 MPa fi1 127 MPa. 4820 B8N 40%0, AP LR AR i, #8id 123 MPa. {HAE
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Figure 6. Three-way flexural strength of 3D printing antimony tailings UHPC
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K 6 fWoR T 3D FTENAIES BB Ik AR IR - (UHPC) 2E AR BL LI 8« R IB BRI e v
P38 = P sREZ)N 15.7 MPa. BB SR IS EMIIN, SUdrRELe ETHE TR, 4 10%1 82
BREN, PIFMmEEZ 155 MPa. 4B R E 20%M 30%, HiirsmEst— B, 2 aii84 16.2
MPa 1 19.1 MPa. 486 1" & &1L 40%H, Hrdfr o Bk 2T, 2974 19.9 MPa. 281, 455 % 50%HT,
LI amEE# 40%0 5 BT T % .

7E 28 RAWIMN B HIPUE SRS B E TR TE, FEHEAM = PiEs - FMEZ N 18.2 MPa. 7E 10%[1I%86
R BET, ZMPikimEitI£4) 18.8 MPa. 4551 % 20%H1 30%0, Hik 7R E4REEG 58, 73k
F%) 18.7 MPa 1 20.9 MPa. 4EHEN 58N 40%I, LI EREE R R m, 28 21.0 MPa. 2R,
fE 50%M B E T, Bk B R~ FE.

i 3D FTENER N R M RE TR EE L (UHPC) IPUE APLHT o B /b o, Bh RN B N 77
WAZ A PUE R, HEEEB RN, RGNS, Fold L Rr & 25T 40%8, =
PUESRE 1A 123.4 MPa. 125.8 MPa 1 135.5 MPa, AL KRB Z:H03EELA, SERA T 11.7%. &R0
IR G538 T UHPC 72 R AR om e . Seie g R, FEES RN S EMIm, RE L
WARRFEAR Sy 2 GEAF BT HBRET B8N 40%I, = [AFidr R 2 )ik F) 21.0 MPa. 21.3 MPa #ll
21.8 MPa, SxfIRHAMLEL, PIFrmERE T4 15.1%. 8RN Qi it B ameEamr G, MR HR
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TR BE 2 (B K B RERR S e, 1% Bh T4 TR 9 B
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Figure 7. Three-way compressive strength change rate of 3D printing antimony tailings UHPC

& 7. 3D FTEN$E EBH UHPC = Ein/ERE T

I 5(a)F1E 7)1, FTLAE BRI M T 3D TEVER B UHPC (1 R HTR 3E . H
TP 5 5 1) % ) S PR AR o, 3D 4T ENER AT UHPC (1% i) S ML R AE R B E A B3
BEAGSH RN BN, % ) e 1 AR A e ke (R AR A AR T o FEHEZEL 1) % 1) S PR AR A 2208 0.5%F1 1.5%,
1M 24 10%%56 2 B 2R 40500 3.3%H1 1.6%. 482N & 2Edt— PR INE 20%. 30%. 40%. 50%f,
WIPUHE SR AR AR AT A A8 . RItk, eI IR 4G iR, SRR B ERA BT 3D fTHEE
B UHPC B8 FE (1 4% 1a) S tEAR b, SHEMLL, 1545 3D 3T ENIREE L 1 & [ SRR B oM B . BT
=, BREN B AT 3D 1T EVEEEY UHPC ({5 WP R s 72 7 AR 5

11 5(0)FE 7(0) B o, 78 28 RESHARS, BREA B AR ERTH T 3D $TENELEN UHPC 1)
KPR, JCHZEE Z MY Jia L, HAE 4008 R B ENIERRE. R, XFeRERT ST
LIPS () % 1) PR 2 AR AR S I . SRR RN 1.2%F1 10.6%, 1 10%Eh N &
NI LA B 2R 53 D 0.6% 1 11.3%. (EBURAIEH RN SRR, SRR I & ) 5 AR A R IR,
Je AR Z T A s BN R, X2 T ILBR AR R4S S e . (B2, BEEBREN 1A R
INZE 40%F1 50%, £ HAPTE 55 BE 1 AR A 2R IZ M T B, IR TAR0E , M S35 PR AR T B0 i B 1 4% 1) S ko
BRI S, BREF MBANRESRS T 3D FTHEEN UHPC MR WAL PRS0, It 5B R 1Y
I, ARSI . RIS, BRREAA B TR R A R 22 AR, (AR O,
HEMEKBERBLT, EZRETIHEE.

5.2.3D ITENEBH UHPC BT iR E & mE]

K 8 Bor TEANFBERY S RZM T, 3D ITENBE RN P AR Bt L (UHPC) I =5 il o A2
5 A PR AR
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Figure 8. Three-way flexural strength change rate of 3D printing antimony tailings UHPC
& 8. 3D TEN#HEH UHPC =i BETHE

1 ] 6(a) Ml 8(a) 2t i, BN W58 7 3D TENEH RN UHPC B S AP Hr g, JLHZETE
40% B EIN R BT E . BEN BN UHPC BRI R & R AR LR A K. fESE
R, 5 RREAT FRE, (B R R E BRI T o UL 55 7 7 AR5 4.0%F01 2.0%, 1
4 10% 8 A B 84059 2.0%F1 6.6%. 8RR & Bk — PN % 30%. 40%. 50%H, FIHHUE R
FERIZE R BRI . R, BERA BRI B TR/ 3D FTENER RN UHPC B R FE I 2% 1] 57
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SRILFE T R o
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ZEVGRET BRI 8RR, BRI R ZF M 7 UHPC IRz, $h) 21 40% 5 i,
=PI R IA P i . A WR AR @S SRR, B X 5 BRI ZERRA BT, (HEA
MPRFFAERARACY, W0 Z J7 1 2% 1 e P 22 5 5 ) — B AR AR AR B AR /K SRR RN 1.7%
A 2.2%, T 10%EEET 15 8 T &SRR R AN 2.7%M 1.6%. EEIBET, WALERTELR
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BORIJZ [ 5 G be, AT BRARSTHT IR 10 & ) ko SRTM, 4BRRN & N ZE 50%H), 2 Wi 58 %
AT TR R R BT XA RER BN R B R S BUR A TCIE R R R, TR E 2 FLI,
BEARAR R S, TR J s E e . SACKE, BT HISI AR T 3D THIEEEH™ UHPC 1)
RHIMAIN LI onE, I HEEESRET S RAEM, KRN AR et . RN, SRS AR
87 HRARIIFLIR R, o 7 LB, RESWAILFEIERNT, BB 7R s gt
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