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Abstract: By adopting the method of mixing rapid hardening sulphoaluminate cement (R+SAC) with ordinary
Portland cement (P-0O) to improve the shortcomings of long setting time and low early strength of P-O 3D
printing material, the effect of the R-SAC content on its setting time, mechanical property, fluidity and stack-
ing performance was systematically studied. The results show that when the R*SAC content is 14%-20%, R+
SAC has obvious effect of accelerating setting, and the setting time of cement paste and mortar has been effec-
tively reduced, the initial setting time of the mixed cement paste can be controlled between 40—70 minutes,
which meets the requirements of 3D printing. At the same time, the addition of R*SAC can improve the fluidity
of the material. When the R-SAC content is 20% , the fluidity of the mixed cement mortar can be increased by
11 mm and the consistency by 15 mm compared to the P+O mortar. The fluidity of mixed cement mortar can
meet the stacking performance requirements of 3D printing materials within 160—175 mm. The addition of a
small amount of R+ SAC has a certain improvement in the early strength of the mixed cement mortar, but its lat-
er strength has been reduced.

Key words: 3D printing; sulphoaluminate cement; setting time; fluidity; stacking performance; mechanical property

Wi H 391 :2020-05-31; #5171 H 11 :2020-07-11

Fe M K A REE I VB H (U1904177) 5 4238 3 5 5 0F % 91 H (2018-MS5-136) 5 1 5 45 22 1 iz 4 B £ 3 % 991 H (201872,
2019J-2-10,2020J-2-7)

B—AE# T (2000—) 5B AR REE A FBH K 2EAFHE | E-mail: chuyuyang2000@163.com

WIRAER 9k H(1982—), 55 el A 1 BN 2 il #4082, i+ A S0, 18+ . E-mail: zhpu@zzu.edu.cn



454

A, A AT AR BE R Eh K YR AE 3D AT BN R T 931

SDATENH AR HLA 42 4 AR B REk RS AL it
TR A R SUCE B )z B N R
SRR 3D T BN AR AR A RL 5 T A R
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d el i, b R-SAC 5 P-ORA N A F 3D
FTER B — vl At AR SGE S AE P-O 8
15 5 1 R SAC, JE B—FpEELS i ] P R 40756 2 g 1)
3D FTEIAK IR I RL , 52 BV A /K U 258 235 B[] 7y 1 4%
XPANTA] R-SAC 8 5 (191R G 7K Jé 17 & 45 1) 4] 5
2EPEREM , #R 9038 H 3D ATEN I R-SAC B 1, JF 3
b U Bl R B I i A TR A K TR D S R
BRI B X 98K R X A 7K e S U Bl M 1 52
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1 KEHMBETE

1.1 EHR

IR A 42.5 3 38 fE R ER /K I8 55 42.5 PR A 47 IR
oK, W et ne A AL R 1.2 1R
FH R R4 70 4B AR A 1 600~1 700 kg/m’ A4 fiE: ik
K AR T 107 FhEE R N B 4E R (HPMC), LAV
AT ENRA R B MK 5 3 B M ORLZ 5 )2 Z 8] 1 R 45
JE KR (WRA) SR FHIBK KT 30% RRIE R =
OB, R L0 R, TR T ERRA R T AR
PERE PVALHEREE R 12 mm, HA2 0 15 pm.

®1 P-OMR-SACHIMIE SR
Table 1 Physical and mechanical properties of P- O and R-SAC

Setting Compressive Flexural
C . Water requirement of normal  Specific surface area/ time/min strength/MPa strength/MPa
“emen ,
consistency(by mass)/ % (m*kg ")
Initial Final 1d 3d 1d 3d
P-O 28.0 363 223 347 5.7 28.9
R-SAC 24.6 350 13 17 6.3 7.2 32.3 45.3

®2 P-OMR-SACHKZEAR
Table 2 Chemical compositions of P-O and R-SAC
w/ %

Cement Si0, ALO, Fe,0, CaO MgO SO, TiO, IL

P-O 23.60 5.47 3.32 56.86 3.62 2.16 2.60

R-SAC 8.82 30.85 1.02 44.98 1.61 8.92 1.85 0.22

1.2 EELERTE

%:7% GB/T 1346—201 17K I by v 74 B2 JH K & |
S5 I ] 22 5 VYRR I8 05 ¥ ), (8 T 4E R A 2 TR &
IRV S B ) 5 5 B B (R) .2 b K U A T B AN 26 3
JoR Kb g5 i I IR A KRBT R R-SAC#

PR EE LS B K 2 %5 GB/T 50080—20164 %
IR EE T HES YRR IR I 5 bR ).
*x3 RBRAKREBEEEL

Table 3 Mix proportions of mixed cement pastes
w/ %

Test
“' RO R5 R8 R11 R14 R17 R20 R23 R26 R29
number

R-SAC 0 5 § 11 14 17 20 23 26 29
P-O 100 95 92 8 8 8 8 77 74 71

1.3 H=HsE
JrEE e Re it 2% GB/T 17671—1999K e Ik
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2005 K 8 e B 9 3 1E W Ty k) BRI MR B PARD.

JGI/T T0—2000( SR HEAE BRI T IEFIE). p=%"%  100% (1)

d,
15 R
N = A= e s S 2L B 2% 2 SN Ry

FT BRI 9 09 B B . 7K 350 R 1 e ke (LT 1) %?iwiﬁé?ﬂ%i%f@fj%%”?%
3 B 07 5 R BLT E L I 1 OBE T & (K U8 + B RO ) 3, A BLK TR

15 mm X 41 mm. L

x4 WERESH

Table 4 Mix proportions of mortars

Test number  w(R-SAC)/%  w(P-0)/% Other Test number w(WRA)/% Other
M-1 0 100 Ww-1 0
M-2 5 95 W-2 0.05 m(R-SAC):
w(silicon powder)
M-3 8 92 —11.00% W-3 0.10 m(P-0O)=14:86;
=11. 03 .
M-4 1 89 w(water)—41. 00%: W4 0.15 w(silicon powder)
’ =11.00%;
M-5 14 86 w(sand)=89. 00%; W-5 0. 20 %
. w(water)=41.00%;
M-6 17 83 w(HPMC)=0.20%; W-6 0.25
: w(sand)=89. 00%;
w(WRA)=0.30%; .
M-7 20 30 W-7 0.30 w(HPMC)=0. 20%;
w(PVA)=0.20%
W-8 0.35 w(PVA)=0.20%
W-9 0.40

2 HRE5H5MH

2.1 BAKRSERELERE

Pl 2 28 10 2H 7K Y 1 5 A0 A o B B2 FH 7K 327 09 B
gy Rl i 28] U (1) 480 R-SAC AJ LUA 20 4
7K U6 eI ) B 45 ) ] LK R R T R SAC B AT
PR 5 A2 0E T 7K U8 R B AT (AT ) RIS S 9 A ok, T
SEAERL T Ca(OH),, BEAR T 7K U8 5 14 1) i B, fin B
T P-O™H C,SHIC,S KA B C-S-H Y 3B, AT 12

= [nitial setting time
e Final setting time
4 Time window

Setting time/min

BET KGR AL HE AR 4R T OBE SR (2) 2 Test number

Fig.2 Setting time of cement paste

TR A 7K U8 15 3% 1) ) ik 1sF (] 5 28095 B 1] 328 30 46 e, 56
ZERE AL B W, R-SAC &8 20 % B EE45 f b, SAC B KT 20% B, 1R A /K U d 3K 0 ) Bt 2 5E
) #E B E] R 39 min, £ #E B E] R 63 min. (3) 24 R- B 18] 59 7 i B . Bl 25 R+ SAC 38 5 i 38 hn | 15 18] 5
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10~90 min. 7§ 5 58 55 58 13 7] R+ SAC rpr s Jon e
5 B BER A 7K DRI EERT )4 ] 7E 20~60 min. iX 26
WESE AR AR AE 3D AT ER 43 2 7 R IR A K g v
B R-SAC B mIEHIAE 14%~20% , AT LUK ) &
IF 1] i 7E 40~70 min, 6 2 3D FTEI AR
2.2 REIKIRRD IR EE LR 8

ig BT A B 7 03 2 0 g M-1~M-7 5 7 AL
S BRLE I ], 45 SRR 3 R L IR 3T UL L b
25 ) (] BH 3 R e 2R BRIy vk N TR A0, B 2 A

3000
A = Initial setting time
2500 - e Final setting time
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9 o,
Es00)f 4 \
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3 oK PR th S Y BE 45 I 1]

Fig.3 Setting time of cement mortar
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R+ SAC XF 03 A f2 B 0 R 5 v 2K AR ]

2.3 BAKERRIFMERE

Kl 4k R-SAC B EXRA KK T 2R
S R 40T I (1)1 dB IR IR A K TR D 3K B ik
FERFAEP-OM-DP3K X ZEHFR-SACHP-O
IR A e {2 iF AFCY Az B0, DU bR B 309 i 3 1) %
JESEL(2) % F 28 d#¥ I, X R-SAC B & /N F 5%
BF IR A K Je i 2 P R A T A P-O P
JREEIH S R-SACB &K T 5% i) IR G K e ihs
PR R EE/NT P-ORP I Y R-SACHB & K T 8%
B IR A K Je D 3K 1 28 AP AT 5 B/ F PO Bb 3K
XJEH THE R-SACB &I, K=Y AFt
f & B UL BE 2 38, T AFt7E Ca(OH), iy 3 55 vh 5
FEA RGO S AR R R BB A AROR/IN IR S
R (E AR N B SR A TR T AEE Y AFt
i R, R KK T B0 e b SO0 2 A 1Y A
M F7 25 PERE T Y 2 R-SAC B 5 K T 8% iif,
TRA K IEHD H A 5 B JF WA R R-SAC B & 13
Mk 2 N, ATREH T R-SACB®ETE 20% KLY
B AR &0 H g K ™ A 1Y i 2448 50 JF B A
LRSI OIS ciizs AL N NIV 2= 25 S (RS
ZERBEI,ER-SACBE/INT 20% B IRA KR
W03 1) 5 AR LN K Y R-SAC B8 KT 20% B,
IRGIK AP I M T2 PERE A S 10 35 i A Y A1

XF LA G 3D AT BN BE 45 i 18] 220K 1 9K 5 21
(M-5~M-7) 0] LA & 3 R A 7K PP H 1 1 d b e ok J3E
SRR T 24%, L dbuiriR E IR E T 2000, B
A — W R SR AR 5 28 dPUE SR FE M 34.0 MPa F#A{IK
#) 31.2 MPa, fix K B 8%, 28 d Bt 47 5% B fe K M
9.8 MPa & 1% 3] 9.2 MPa, F£ 1K T 6%, i 1 ¢ B
R-SACHBR/NT 20% WF, AFt B IK 77 A= i i 2 5% 55
R E DS B0 R R R B LB, T R
F R SACB T 14%~20% BIR A& K Jeib 3 nr
VIR T 3DFTEIH .
24 BEKRBWERHNE

50 R-SAC B i R A /K e 0 3K i 2 M 152
M) . f &1 5 AT 0L TR A K D I ) R B PEBE A R-SAC
BRI & R SAC B R 20 % BN
B (173 mm) H 4l P-O B0 2% i 36 BE (162 mm) 3% K
T 11 mm, BEERR RS T 15 mm, S0k R
XS T R-SAC Ry b 3% AR5 Ar o B8 B2 R K & 3
/NTFP-O,R-SAC B A R A /K Ve A L 3R 1 7
AN AR B L BB IR SAC AT LSS IR &
KU BV 3 i 2 L DT D20 AT B R L rh e T AR
PEREZH 43 19 F £ A A ] s R DLAE £ 455 0 3 J&
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Fig.4 Effect of R-SAC content on mechanical property of mixed cement mortar
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Fig. 5 Effect of R*SAC content on fluidity of mixed cement mortar
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Fig. 6 Effect of water reducing agent content on fluidity of mixed cement mortar
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Fig. 7 Relative deformation of bottom layer material

under different fluidities
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Fig. 8 Printing situation of mixed cement mortar under
different fluidities
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TR A /K Ve DS 1 3 2 B 4 0 8 mm, B EESE I 11 mm,
AT DL AR 5 K B 9 18 45 TR K e 4T BB R 30 3h
P T TR .

(3) TR A K Ve RD 3 i # AT BN 3 3l FE o 160~
175 mm.
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