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Preparation of Belite-Calcium Sulfoaluminate
Cement Clinker and Activation of Belite by
Boron Dopants
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Abstract: Belite-calcium sulfoaluminate-ferrite ( BCSAF )
cement clinker was prepared from clay, bauxite and calcium
carbonate. The influence that the mineral composition has on
the compressive strength of cement paste was then analyzed.
Boron was doped as a stabilizer, and the effects that Boron has
on clinker calcination and hydration were investigated. The
structure and composition of the BCSAF clinker was analyzed
based on X-ray powder diffraction, scanning electron
microscopy, and thermal analysis. The results demonstrate
that the early-age strength of the cement paste depends
mostly on the hydration of calcium sulfoaluminate, and that

belite hydration makes great contributions to the late-age

RS B 2016-05—-17
EeWH . DETERRR SRS THE (12230708700)

strength development. Ferrite is beneficial to the mass

transfer during calcination. However, when the ferrite
content is too high, the activity of belite tends to decrease.
The doping of Boron, on one hand, helps to stabilize the belite
at the «’ polymorph, improving the hydration activity of
BCSAF cement at early ages. On the other hand, it prompts
the chemical reactions during the clinker calcination, and
reduces the formation of the transient product, gehlenite. As
a result, the compressive strength of the cement paste at 3 d

age is improved due to the Boron doping.

Belite; calcium sulfoaluminate; mineral

composition; boron dopants
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FK YR BRI & B FH IEORE R, 8+ RTER AR o0 R
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Tab.1 Chemical composition of clay and bauxite
%
JFR AlLO; SiO; Fe;O; MgO K:O CaO Na;O TiO; P20
K+ 164 65.1 6.09 2,03 2.91 1.29 1.01 0.99 0.22
L 58.6 24.4 0.95 0,19 1.42 0.53 0  2.93 0.20

1.2 #HAHE

FRIEFIC T AR B 4 AR 138 SRR L.
IR E R AT EXERBHLF SRS 2 h
KRR, I I AL $30 X 20 mm AYRPE. K
PHAGHE TSRS AR IR, 4 3.5 h THA
1300 °C,fB8HE 1 h J5r BIEUH  FFEE K H R
BT T2 B IR B K IR Bkl 7E VR %
95:5 B & i A TCKAE, WAIRA B 4. i 7
(80 pm) J5 il #5 BCSAF /K Je. BCSAF /K g 2k} #
W P AR S BRHRE 5 i fh 2 20 B 25 R L
% 2.

x2 KRBT WA RUFARMKXER

Tab.2 Mineral composition design and chemical composition test results of cement clinkers %

BER, W Y Ak 22 ik,

W5 C:S  (uAsS BRI Al O Nie7 Fe; O3 MgO K:0O CaO Naz;O TiO; P, 05 SOs
S1 45 45 10 27.5 14,4 3.26 0.21 0. 56 46. 3 0. 16 1. 08 0. 08 3.70
S2 50 40 10 25.2 15.5 3.27 0. 26 0.72 47. 4 0,22 1. 00 0.10 3.59
S3 55 35 10 23.1 17.9 3. 28 0. 28 0. 68 48.9 0. 24 0.74 0. 08 3.19
S4 60 30 10 19.9 20.1 3. 26 0. 22 0. 88 49.7 0. 38 0. 82 0. 08 2. 85
S5 45 40 15 26.0 13.9 5.03 0.21 0. 68 46. 4 0,17 1.04 0.09 3.45
S6 50 35 15 23.6 15. 6 5.22 0. 27 0.74 48.2 0.24 0. 93 0.09 3.14
S7 45 35 20 24.9 14.1 6.78 0. 22 0. 68 47. 4 0. 20 0.95 0. 07 3.18
S8 50 30 20 22.1 16.1 7. 20 0. 29 0.74 48.4 0.29 0. 86 0.09 2. 82
S9 55 25 20 18.6 18. 6 7.39 0. 38 0. 84 49,7 0. 37 0.75 0. 08 2.4
S10 60 20 20 15. 4 20.9 6. 70 0. 25 0. 87 50. 7 0. 48 0. 67 0. 09 1.98

# BCSAF 7K JB LA 0. 30 MK IK FE Ik B4
A1, AT 20 mm X 20 mm X 20 mm HSEGRER,
7E 20 "CHSHBE 95 X0 &4 T 359 24 h J5 i,
W J Ak 2 37 5 2 AR L A 4.

1.3 MikFHE

(DPUHE T 2R /K VR B PTE 30 2 5 AL
rHIE 3 d,7 d,28 d K 60 d 3&FE, MR 2. 4
kN » s, fREHAE SRR 6 4> S2 7 AR BT R 5R BE - 1
{EAE At i 38 BE .

QBB AR R X HLRMAH (Xray
diffraction, XRD) Ml i ZURH 4 20 B, MR AL 2% 4
D/max2550VB/PC & X ST£R ¥k £ &4 A7 5 E.
MIRFEIE K Cu Ky (A=0. 154 nm) , B-B {741 JLA

T 40 KV IR 40 mA. JEH AR E N
ASPHREE 17, BB e ag 17, 30k 4E 0. 3 mm. A
BELETT L FRGE L 5° « min™, A7 5 A BV
5°Fl 75°.

HF7E XRD WK ] BORE b Co A S 1T 5T AR
3,905 CS R ELES , AF T CSATATIEK
I3 BRI P R R BRI AR bR L BB B
BPA, LIy I BB B B G S A, YedetE
WEIRRAEITIE N B 60 ml R FK Tk Hbest, i
A 8 g KOH T 8 g BEM, A HEZE 95 °C. 4 30
min J& , FFR R AR RO, A 4 g KIEBRHE
AR, 4kEAE 95 °C TIEIR 20 min, X5 HaT I8, L
FRRRAE . IR E A B LB TR UE R B Y
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DL EBRBERE , R N BRI IR LA 28R K 3. 23
BUBEERRAEAEE T 50 'CTHRENETZ
fE .

() BBHIOWIE i 73 M7 - R Quanta 200 FEG
Bl R H—F R 7 B AE T 8 R
(backscattered electron, BSE) B RIT WH S5
JES.

(D BRSPSk NETZSCH STA 449
C BU] 5 $ A3 A A HE AT PR - 22 A ER5 JA BT (TG
DTA) . RAEZEHE B 2 72 v (1 2L B A, FHE 3 4
10 °C « min ', FEIEE 20 °C E 1 450 °C.

2 H#HRE5HH
2.1 WBEWARRTSARAERE

3 3 MBI EHRESK 3 d.7 d.28 d F1 60 d

PiERE, RS P. O 42.5 1 R. SAC 42. 5 A
B S ke R K U RN PR B 45 R B K VR ARE . MR A
BES A, B TR RABK 20 mm B/NLH
RS RS, AT ESABEER AR
(Cv) LARAFHHE 2 B,

HE 3 PEERPUEREALR R, £
DA T i R 5 B 500 B8 BUPE 7 1R 22 R 1P VU R
. BP0 i R 5 45 ] I, L = A
BCSAF 7K e3¢ o 58 BE 450 38 RE iR £R /K PR A1, 45
BHI T PR E KT P. O 42. 5 KIBRES , Hods L)
3 d $i 58 B AR o W 2. R, SAC 42. 5 /KB FE S
R R R GH B R B, R
HHC A ST Y CERET 55%) FrR Bl Mk fbds
FEDST M2 F . /R4 BCSAF /KB R B8 B & R 42
18 (B H R B BRI I BB E S K, 28 d J5 il LLA R £
BN SAC 42, 5 /K JEHE K.

®3 KiRERAEHIERE

Tab.3 Compressive strength of cement paste samples

ea BiLERE /MPa

gﬁf@i 3d 7d 28 d 60 d
FHIE /% FHIE /% FHIE /% FHIE /%
S1 45, 56 1.31 56. 68 1.70 74,81 4,54 78, 09 2.76
S2 44, 89 3.97 61. 76 3.01 79. 50 5. 40 86. 71 1. 84
83 47.79 5. 85 53. 40 3.97 78. 69 0.87 80. 14 4. 97
S4 45. 85 5.11 47. 20 1.01 59, 82 0. 87 71,78 2.31
S5 46. 22 4,08 57. 20 2,99 66. 21 1. 65 72.72 4.50
S6 16.18 3.81 49,17 3.78 57. 87 3.61 68. 76 2.33
S7 41. 89 5,92 58. 90 2.95 72.07 4,26 77.15 4. 90
S8 42.10 5. 27 51.74 5.73 68. 41 2. 44 70. 70 4,02
S9 40, 38 2. 42 49. 44 2,96 52.18 4,42 54, 38 3. 44
S10 35.72 3.15 35.91 5,07 36. 79 2.07 50. 83 1. 86
P.042.5 68. 99 6.71 81. 71 4,01 107. 84 3,07 112.10 3.91
R.SAC 42.5 72.71 5.76 89. 38 2,17 79.15 3. 27 75. 14 3.34
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i — 2 R RN, JIk, HC A SEH IR Z I, BA
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SRELIE K8 R A R, X — B R H C
BRI RHZEL. T 2 C, S A BRI i, 45 Sy Pkl 38 B
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MERERRRES A i 15008, S5 R S6 9 3 d s
ZRARKBEKAEH S5 WmELEREHB T

S6. 2EREERRES & SR 5 B 20 V0 I, ST BE S
IR i T AR X — AR S RS & i 1506
I HEZEAL. PR A R T A, 24 Cu A S 1
5T 4006 B IX [] A » 382 18 Cy As S 3 B AT RATAE i 9
SRPE L E. HE W BCSAF /KRR EEHBR T
CiAsSE &, HCASEHRX BT 10208, HiJE
SRR R AE

XFEEER 3 R I8 FT LA % B, ST~ S10 A &l i)
P35 BE A AK UK A [ ARG BE B 2. T S1~S6
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WA Ci As S BC. S CAF, A okl ) ity %
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AT AR X 3 S IS RO S A —
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Fig.1 XRD patterns of cement clinkers

P# S2.S5.87 HEAh I AL $21 CAAF &8,
b MBI K ALTE ) - CoS B4 R AL AT 4 14
29 29. 5, JF HHEAT 438 RE C,AF 2 & 538 hn
T35, XS e ST S2 R i al L, 2 C,AF & —
JERS, AR HCAS Y FCS MR &, A
23 BORHPE 45 i AR 1 UK TR WA, Bk P 3ok H 3
rC.SH Y. M BIREE K LR IR+, 1 200 °C
BT AR AR S L 22 7 LR R AR PR 5 (G, AS BB R T K
LD BAR, FFAE 1 300 °C W 548 RN 4 =4
5 CoS FC ASU. L F & A R BRI AT
I i AR Co AS RAF A T I AR B RBH ) b (i 4
W2y 31. 2%, gl 1 A, BB GAS & &
C,AF & TR X — M 5 -GS S M
HR.
WERIE, CAF e RVHpe o 72 v LR
FELE , BEE WORE & 0 22, Bt A rh R ) A o5
IR AN TR AT, BEE CAAF &8
S0, 3 B Co AS ® B 585 B, TR Gy AF 7
BERK ST AR CAS & #E/D. R, K5
LR B WA 2 R BUR SRR BB B
LB PR AT R A LB P 2= SO0
TALTRRCR  FORIBNE T BBHEE a8 ST 3, A T
FasE B KALTEER BC,S M, (K B B4R H T
IRALTEVERY 7-C, SIS HeAh , WO & B 1 I id 2 %
BogpaE T CoS SRR A R R X —

(B0 E 2. 2. 2 3 TiHE.

g5 LRTR, BB AS & Bl D Al ZEAF] T
TE BUKAGTE Y = I RVEL: B ' CLAF W] DA R
R A E B WO (R R S R AR
B, FIRF AL S8 5C, S 45 &M R B R W 41 3 K %
fikinim y-C, S #75.
2.2.2 AWHETEMBETBHBETHR

Bl 2 25 S1 R S7 Rk BSE B4, MR IR
FIP 8w BE, B A B B IR B TR R K R FLBR.
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FE LB ADIRAS H B
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BLSZAE AT, CoS ERRLAH/IN, SH R, 25 SRR FE AR,
M 2b H C,S FIC, A;SHILEE ST, C: S B R
SRR, X U6 B R AR R 45 & B3 e I B R N i AR
ot IR B , T B BB Al C, S g
AR E B 85 45 R R N kL 2 C.S &
BRI B K At 7 Hh T 1A 55 K B Ak 1 A5 3K
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Fig.3 Compressive strengths of samples doped with and without B
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B SN I AT
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3Ca0 » 3A1;0; « CaSO,+3(2Ca0 « Si0;)
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Fig.4 TG-DTA analysis of clinker sintering reaction
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e Gy 78 AR KA TG M S L. DR R W, Ak B F
] 1 A RERR — 45 SRR TT LRH - 7R 3R B R Bt #R A
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EP%XHE C.S Ef"] a’ ElIEE'lLFL_]. Jﬂfﬂl‘,B Xj‘ G:S E’Jﬁa"f'{ﬁﬁ_ﬂm
W T BCERART R A A T H AR R T 3 0 G5R
FITETEHLBER 5 o -Co'S BZKR AL IG P 20).
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Fig.5 Crystal structures of «’-CG:S and B-G S
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XF G 8571 S5-B” i XRD P45 R AT W, 820
B J5,S5 RS 5C,. S FEAREL RN o”-C, S, H1H] B
TEB et B i X DA R AT T 204k, i o”-C, S TEH
EFALARE TR X — MR RHIES B Al 2
BRCR KL TE M, 5 2. 3. 1 hRE R BRI
(L5 FARST. Hod S57 Ml S5-B’ (il iR &5 ik v &
F),85-B H C, AS [yt i B B FEAR, itk ™l L B
BRI TR PR B EBEAE . 5 2. 3. 2 i
ER—FL

1 CAA
¢ y=C,8
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+C,AF
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L 1 1
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1 1 ]
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Fig.6 XRD patterns of Sample S5 doped with and without B

2.3.4 JKALHES: BSE o7

K 7 Rl S5 RER M S5-B REMIKAL 3 d & 60
d HHUEFEG. FHE 7b.7e AT WL, 7E 3 d K4bi
BT, BCSAF BURHSIR 2 8] 23 BRAR & HEFR B AL , B
BHRC, AsSKE I A BEN A RESILA (AFD & ik
AE A AT T RORHEORL A By 25 B . T RGBS
BLHC, As SAKALBE TR T Co S B R 18, B Rk 4k
1 Co S B F CiAs S K AL 7= W . W& K Ak I biE
BT, 75 60 d KBS IAT (B 7c. 7D, kB i T
B ORL R BOK AL = P R I T IR Cu AsSILF
R FE4 A M ST CS TR kA KR
N 7K AR = R R R AR (AHD K& A B, H]
BHER R AFt g 4 1) SRR B K AL B 45 BR 45 (AFm)
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