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Reactivity of Calcined Clay and Its Influence Mechanism
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Abstract: Through the reaction heat release of calcined clay in alkaline solution, the influence rule and mechanism
concerning calcium hydroxide content, reaction temperature, calcination temperature and kaolinite content on the
reactivity of calcined clay were investigated. Results show that the reactivity of calcined clay can be easily characterized
by the reaction heat release analysis, and there is a good linear correlation between the cumulative heat release and
the kaolinite content of the clay. With the increase of calcination temperature, the clay particles are broken, the degree
of structural disorder increases, and the reaction begins and gradually accelerates to its peak, then the clay particle
size further increases and the reactivity decreases significantly.
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1.1 E#H#
6 A 2k 4 43 B R U T b R B S R A

IR R R R AT A 0T ARAR B L BT R Y
WHE - MEAE(TG-DTG) Mk . Hd i T 400~
600 °C DX ] PN 119 J5 42t 453 2 J2 e 04 7 58 % Rk 3 A% Sy A
I8 4 (ALO,- 2Si0,) Fr 8, il 1 400~600 “C X
V] A1) 0 400 2R . BT T 515 20 3 = 08 A 1
T W,
M,
2M e

s M, Ry R W A Y BE R B &L 258.16 g/mol; M.,
K BE R B4, 18.02 g/mol.
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Table 1 Chemical compositions of six kinds of clay with different kaolinite contents

Chemical composition(by mass) / %

Sample w /%
Sio, ALO, Fe,0, K,0O MgO Na,0 Ca0 1L
S1 17.6 56.907 22.421 8. 687 3. 005 1. 060 0.093 0.112 6.021
S2 23.0 50. 739 25.324 9.297 3.113 1.643 0. 100 0.299 8. 169
S3 32.0 38.635 25.201 20. 354 1.041 1.405 0 0.042 11.024
S4 50.0 48.892 34.299 1. 660 3.797 0. 344 0. 106 0. 050 9.574
S5 68. 6 57.216 29.890 1.242 0.327 0.249 0.626 1.322 8.296
S6 78.6 51.573 33.621 1.517 0. 900 0.234 0.649 0.974 8.451

1.2 BEEHE

R R G B A Tk B T R INE T T S ) 4 R B R
L M : 500,600, 700,800,900 °C ; il #4 il & g : 0~
200 “C X [a]) F+ i 3# K 5 °C/min, 200 C LA L X 8] F+ i@
R 10 °C/min, 35 BB R AR IE 1 h B 21707 38
J 2R AN
1.3 RIEFE

e B L EURHE T 105 CHX T B A gL

24 1, K5 1 PR 20 55 5 DUk 21 22 4 Rl i 74 pm
J5 LT | fie J i BEOBCA Tl B R AT B0 Re . BRSSO
min R FH DL DUy 7 3R AE

(DIME(TG) /b1 i STA449F3 £ A #4
ST A AR S H#EAT TG 4087, FHE 32 10 °C/min,
TR BE Y 2R 1000 °CL AR 3 SR R BV, T
>4 20 mL/min.

(2)X BHETEERE(XRE) AT i F Zetium X &t
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LR 8 EEIE A (47 22 PANalytical 2 7)) X B i i i 48
e & B4 T B AT

(3) X AT it (XRD) 43 #7 - fd ] Empyrean X
S 26T AL (i 22 PANalytical 23 &) ) xf #F & #E 47 23
B, T3 R A 40 KV, IR L 3 A 40 mA, 4 R
10 (°)/min, I 15 Fl 5°~60°.

(O T B (SEM) 4T 032t w4
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T
1.4 RE#HGENEBRER T R EMSE
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Fig. 2 Cumulative heat release curves and XRD patterns after 200 h of reaction of six kinds of mixed sample
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Fig.4 Heat flow and cumulative heat release curves at 40 “C of clay S6 at different calcination temperatures

2.2.2 XRD4H#Hr

B S6 7 [ 4 be IR BE R XRD 3 an & 5
fios B SR IL: (1) S6 3 £ & m i 4 R4 .
BUEKE 5 R4 RN 1 S AR AR L (2) JEERE & 500 C
B A7 F 12,340 11 g 0 A R AIE W AR AT, v 0 £ T e G
P2 HE B AR Sy Al e 4 1 5 4B bE 2 600~800 “CH , 4 1
FRAEIE O 58 4 TH R L (3) FEIB B IR B T i i ad F v, A7
T 19.8°Kb 1y 4= FB AR AIF e (1o 0 A PR 0 R 5 A 5

160 —— ‘
140 b oo
120
100/ |
80|/
! |
60 F
P
I
i

g

40 + !
i/ — 20 |
200/ —--a0°C |

Cumulative heat release/(J

0 24 48 72 96 120 144 168 192
Time/h
E3  #fh(m(Ca(OH),) :m(calcined clay)= 2: 1)7E
20,40 CHAF T 1y St i 2 3 e

Fig. 3 Comparison of cumulative heat release curve of
sample (m(Ca(OH),) : m(calcined clay) = 2:1)
at 20,40 C

¥ m(Ca(OH),) : m(calcined clay)=2:15 & H 1k
B A, M L R AR L TR 4 Sy O[] T B 1
B 4 S6 7E 40 “CR I Z% 1 T /Y A3 ih 28 Fn B3 A
2k .l 4 AT UL M JBRR IR B Dy 500~800 “CHY, &
1 S6 BB 4R TE A~8 h M I WA , LB e IR
k700,800 °C B}, Zh = S6 1 L h 2R e {1 fe K,
eI N 900 CHE, Zh + S6 Ay $ il £k 6 &
Wi, [R] s 52 07 A [) B Sk i O 5 R e S6 Y B it 4 A
24 hish#a T2 , ik 700 °C R 4BEbe 9 85 + S6 B2t
JCHA R ey L i F 476.4 T/ g.

500

400 + °
300 F
200 -

100

Cumulative heat release/(J - g™")

Time/h

(b) Cumulative heat release curve

FZF 0 YRR ) WA ARG, 2 A
U A AR AU D (L3 T 9 %, i HG b 9 52 A R R
IR KA.
2.2.3 SEM/r#r

Fh 4 S6TEA A B B R BE T (1 SEM R 4 &1 6
JroR . H B 6 (a) AT UL« SR HB5R R A 0K 5 7S S AR
T AT, A /DR AR BOR AR 7E 5 1 B 6 (b~1D) 7]
U, s 2B be R BE A 500 CH, FURLAT SR 5t /S I Fotk



2]

WA, 45« HBOE it b SN TG A B R e AL B 183

[ CGRQK K KAQ €

900 C

800 °C

s~ "

700 C

600 C

500 °C J/L

Before calcination/ |

5 10 15 20 25 30
200(°)

K—Kaolinite; [—TIllite; Ct—Total clay; Q — Quartz;
A—Anatase; C— Calcite

K5 Bt S6TEA BRI AL T 9 XRD #1135
Fig. 5 XRD patterns of clay S6 at different
calcination temperatures

SEAE AR DY JE IF 46 00 20 B (L 6(b) ) 5 e R
600 “CHY, JoUkr i — D i | S HUIREE Y , 2k KoKl IE
LA (E6(c)) s 1B e i B 35 2] 700~800 “CHY, ik
JUF 58 W, B AR Al 58 4 i IR, 1A 52 IR 25 4
(E6(d) . (e)) s M 4Bbe il B2 #E — 20 4 5 2] 900 “CH
UG 2% TET R 1R 14 38 4 F 1 B0 A LR (1 6(6) ), ]
AE B T BE A oA B R KRR TR B
- 1 NI
2.2.4 KRS

R b S6 FEA [RIBRE IR T B R4S 43 A1 an 1&] 7

(d) 700 C

N7 AT L SRR - R AR A A YL R 0.2~
100 pm, 428 F E A 78 3 pm 2247 5 500~800 “CHEbe
TRLEE R 6 R AR 43 A O IR S B 0L | A A AE 3.
11 pm 2247 4B58 2 900 °CHi , B H ki 180 A 7E 4 |
12 pm 7247 . M T - 0 ST Bk A% B AR 8 B T s i
BRI B R TR S B0 U4 A B R B A R M
o U - A O e T R BRI S 800 CHR, i
o U - SR [T 3R, 5 B0 3 AR /)N 3 AT RE R S
TR R SR DR 22— B I 35 31 900 “CHi 2 ok
A2 U 1B A B, BB A I R D Pt bR A 4
JITR EOR A1 R L B R /N SORE 0 AT iR T A R AR 43
fiff B /INJIURE A T B PR T AR AR (N P45 A ) 1
RISV R
2.2.5 NMRZH#r

B+ S6 TEAS [RVBFE TR B T 9 AL NMR &4 4n
Fr . M 8T WL . FEAb 2= #8 (8) &9y 1 Ab 2R
g o 07 T g U A 8 ALYV 4B B B Ol 500 “CHE,
HF R0 A o, B 245506, 0ok 28 F1 56 B, 43 5]
Xof T ALYRT ALY B 2 4858 B 1 T e, ALY I
TG K, BRI S 800 CH, Ry ALTE A7 Y
FEAFTEIL . PR |, B 5 ARG TR A b, B
+ o ATEC A% 2t & 2R 28 4k, AT fig 2 i T Rk A DR =
U4 = i 55 ) 11 T AR R ) T ARG R T R R T
B £ 7E 900 C B be e , A IR (E KR #2 5 , ik Al
He A 14 2 A7 AR 7 5K, ikt S 26 BRE & 900 “CH
VAR N “ i)

(b) 500 C

(e) 800 °C
E 6 Zht S6EARIERE IR E N 1 SEM A

Fig. 6 SEM images of clay S6 at different calcination temperatures
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