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Abstract: Belite-based Portland cement( high belite cement, HBC)was introduced in terms of clinker preparation, ce-
ment and concrete performance, compared with alite-based normal Portland cement( PC). Laboratory research, indusiri-
al production and field application of the resultant HBC concrete demonstrate that HBC is a kind of low energy consumption
and low CO, emission Portland cement with low hydration heat evolution, high later age strength and high performance,
compared with normal PC. For example, the clinkering temperature of HBC is 1 350 °C, which is 100 °C lower than that
of normal PC. CO, emission for clinkering HBC is reduced by 10% due to the low calcium design in clinker mineral com-
position and low consumption of coal for clinker burning. The resultant HBC concrete shows excellent performance not on-
ly in better workability, higher mechanical strength and excellent durability, but also in excellent thermal properties and
cracking resistance.
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Table 1 Basic data of C,;S and C,S minerals

Formation F . CO, emissions
Minerals  enthalpy ormation Ca0/% coefficient per unit
_ temperature/ “C ;
/kg - k] mass of mineral
C;S 1848 1450 73.7 0.578
G, S 1336 1300 65.1 0.511

b, BRI R TERE . REERREKIE (HBC) 5
1 IR ER K U (PC) [A] & ik IR Eh K IR &, K LA C,S
NESHY, POREHBET PdZd .S, €S, CA
0 CAF L, PIEARZAEZR AR, AR
KPR AR 11 (C,8) L, HE K 50%
Zid o AEJE T DURRE K DR B RS 0T Mr  URE A, TR
T AP RHE R s AR RE L — R0 T A R RR K PR
RORE Lo SNBBHAE 7 R R AR R R HECR
KPS RA M BB LA KA, = 0 5 B A0 iy
A AR SR DUARR K U ) o B A JRUER . K PP RE
ANREELEREAN S IR . RPEREIREE LAY TAEE. PR
Ty PERE . T AR LR R PR B B L RO R P RE AN DT 2R

PEREVEAT 7 OF5T. 3R 2 44 1 HBC, PC FFKJE A
ABEHT Py 2

®2 EREBREKESE AR KRBT YA (1w/%)
Table 2 Typical mineral composition of HBC and PC clinkers(w/ % )

Clinker PC HEBC
€S 45 - 65 20 -30
C,S 15-30 45 -60
CiA 5-10 3-7
C, AF 8-15 10-15
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Fig. 1 Burnability of HBC raw meal
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Table 3 Basic physical property of HBC & PC

Relative surface Solidification time/min
No. i - kg Fineness/%  Consistency/% Initial olidifioation  Final solidification Stability ~ Mortarfluidity/mm
HBC -1 347 2.3 23.4 145 215 Qualified 137
PC 337 2.0 25.4 125 185 Qualified 131
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x4 BARESIM0FIE KRR SRR Fig. 2 Mortar strength of HBC & PC under elevating curing conditions
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Fig. 3 Mortar strength of HBC & PC under elevating curing temperature
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Table 5 Hydration heat and temperature rise of HBC & PC

Heat of hydration/kJ - kg ™! Hydration temperature/“C

Cement 34 7d Initial Peak Maximum
temperature temperature temperature
PC 247 289 21.5 35.8 14.3
HBC 192 222 21.1 29.0 7.9
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Fig. 4 Hydration temperature rise of HBC & PC
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Table 6 Comparison of chemical corrosion resistance of HBC & PC

Anti-erosion coefficient( Rapid method, 1 cm x1 c¢m x1 cm specimen)

No. 3 times seawater 3% Na,SO, 5% MgCl,

28d 3 Months 6 Months  28d 3 Months 6 Months 28 d 3 Months 6 Months
PC 0.90 0.74 0. 80 0.98 0.56 0.59 0.79 0.79 0.85
HBC 0.94 0.81 0.85 1.16 1.08 1.07 0.84 0.91 0.86

Note: Composition of 1 times weawater ( g/L)NaCl =30, CaSO, =1.2, KHCO,; =0.2, MgCl, =2.8, MgS0, =2.4
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o DUFIRE 7K U8 Kt R B ik 7 8 1) T 1B e+ 4 1 i
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Table 7 Abrasion resistance and dry shrinkage of HBC & PC

28 d Wear Drying shrinkage/ %
“ Jkgem? 7d  14d 28d 3 Months 6 Months
PC - 0.060 0.083 0.103 0.115  0.096
HBC  1.96  0.030 0.042 0.057 0.058  0.057

FEH(28 d I HIE#E<3.60 ke/m’, T4 F<0.10%),
MH, SEsrmEKRML, & IIURAR KRR T 47 %
BERIL, SR KETHEN 0% ~60%, M
MHRIE T = LA KR B AR R R E .
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Table 8 Workability of HBC high strength high performance concrete in comparison with OPC concrete

Cement consumption Water-cement

Cement type

Coal powder

Water/kg - m ™2 FDN - [[/% Initial slump/cm 90 min slump/cm

/kg+m™3 ratio /kg - m?

C60 HBC 414 0.32 104 165 1.0 23.2 22.5
€60 OPC 414 0.32 104 165 1.0 22.4 20.3
C80 HBC 510 0.25 90 150 1.7 24. 4 20.6
C80 OPC 510 0.25 90 150 1.7 0 0
iE: C80 OPC 7E55 HBC ARG Lo F HIE R S 0, 80 0. 01 KIS HIREE A (22 £2) om
Wb F AT 45 AT AL, 2 TR K R LR, C60 120

HBC &5 OPC I3 + (940 131 9% BE AR 24, i HBC BL B Bl 5c-50 _

F R 8 T B A K OPC /D, 18 24K It He sl Horess =

$J0.25 i, C80 HBC JRHE £ HHE B 1R 545 20 em L H

b, BIHMF R TAEPERE. W7 OPC TR+ 3 A4 0 P —

bk, UGN 0. 01 Ay FH /K B A R i B0 8 SR 19 K Baof oo

FE, TR E HBC A 0 5 00t % U 3 A 7 R Enl

HBC B & I

4.2 ?;TE%E}E 0 3d I 7d Ag(le/d 28d . 90d
C60, C80 #J¥ %4 HBC R &L+ 1 OPC IR &L+ AL 140

JERRPEXT L AN S TR . SR SN T, HBC IR+ 3 S 120 [ Hec-80 -

d, 7 dEREIET OPC IRHE £, 1128 d B HA 15 OPC = 100 [ opo-c0 B

R, 90 d M OPC iR £ 3 10 MPa, M £ a0 | ]

HBC 3 -+ FLAT 5% 10 T8RP 3 ;.

4.3 HiHF. BREE ém
FHFRE R 100 mm x 100 mm x 400 mm /N2 TT E

K5, BEPIR A 100 mm x 100 mm x 100 mm 37 J7 {442 o=y

PE, FRES I ML B, 40 I T B T mAQdm "~ o0d
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Table 9 Flexural & tensile strength of HBC & OPC concretes

Flexural
strength/MPa

Splitting tensile
strength/MPa

Compressive

Type strength/MPa

7d 28d9d 7d 28d 90d 7d 28d 90d

HPC-60 3.5 7.2 8.9 3.81 5.37 7.44 54.6 77.6 98.5

OPC-60 5.2 6.7 8.2 4.45 5.16 6.36 60.3 78.5 90.2
HPC-80 4.5 8.4 10.3 4.76 6.72 8.25 68.3 95.4 116.4

OPC-80 6.2 7.9 9.1 5.28 5.94 7.35 72.5 91.0 107.5

M9 [, 5 OPCIREE LML, HBCIREEL 7 d
P BERLSR R AL, (2 28 d Bt T OPC IR #E +,
90 dJU# 5 OPC R & 1= | MPa 7247, UiB] HBC 1R ¥+
HARFOHIT. BRRE, X EWkE HBC £
TREE T WETET7 T 8¢ PC SR {0k

BEl5 HBC F1 OPC 5% & M REIREE + &5 % B0 3R X L
Fig. 5 Strength of HBC & OPC high strength high performance concrete
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RRMEAE, BRI B ERAR S . AFR 10 M58
AL I, HBC JREE 45 300 WA GG S PR A I8
R mm K FARERE R, HES AN ERE.
320 kg/m’ KIEHE . KK H 0. 50 A5 F B GRS
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Table 10 Freeze-thaw cycle resistance of HBC concrete

Cement

28 day cement

after 300 freeze-thaw cycles

Cement . Water consumption  Slump Gas . Relative durability
type consumpti(;n Wt /kg - m™3 /cm  content/ % COmpressive Relative dynamic Mass loss index( DF)
/kg - m strength/MPa elastic modulus rate/ %
oPC 320 0.5 160 7.1 5.5 28. 1 81.0 3.85 81.0
HBC 320 0.5 160 7.0 5.2 24.9 92.5 1.89 92.5
oPC 320 0.4 128 5.0 5.5 35.1 93.7 1.03 93.7
HBC 320 0.4 128 6.0 5.5 39.0 96.0 0.20 96.0
4.5 Tamikee 5.1 #H#FGEF

FF] 100 mm x 100 mm x 515 mm B84 (R ¥45 4 iR
o RAEAE 3 d i B3 CTRE PRI BE 1 i K B BB ) AR
WHRPERHFTANBAEBEEE (BE (202
2) C, MHXRE (60 £2)% ) MEMBKE, K5k
DL B B B ) (e B AR R L, 3, T, 14,
28, 45, 60, 90, 120, 180 d, HKLERNE 6.

100

| | | | |
g AW N =
o O Q Qo O
o O O O O O

Shrinkage / x 10

| |
~N @
o o
[« =}
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Age/d
Bl 6 HBC JREE + 89T 45— AT [ i 2
Fig. 6 Dry shrinkage of HBC & PC concretes
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Fig. 7 Hydration temperature rise of HBC, MHC & PC

WA S s, TERIEEIE N 40% W i Fn A8 R &+
Fo & bR 44T, HBC REE 1 b MHC IR & T 4 #4GR
FHE 3 ~5 C, B0 TR ARBUREE A i3 B 20 A
BEARAE R B,

=k 3 B TR R A HBC K{IKFURE - IR T 3%
WS 25 SR REIE B T HBC R R BRIR B b 76 38 Tkl o7
TEARXT F MHC K B BE £ A0 O 8 o e, W& 9
FiR
5.2 IMEHEEH

I FE M BR 0 3 B (TR A A Rz i 5 B o
FE 2R AL R B T =k 3 8 T A2 % HBC F1 MHC
RARBUREE L PR M RE AT X o #4510



52 o A e

28 &

10

Adiabatic Temp Rise / C

(4]

0
1 3 5 7 9 1113 1517 19 21 23 25 27
Age/d

El8 HBC & MHC KA FRIBAE L FIR T
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Fig. 10 Comparison of cracking resistance of HBC & MHC mass concretes
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