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Be, X 7K U b BT A ORIE R 2 1 A B AR BT — e 4R AR A o B KSR ORI A% R R Eh K e T2
o, BV R EUIE T 0.03% B X BRI IE lE B R i, E X SRR 4 BIOCR 0.04% TR R Y R
SRR T 8 UK, KWON S50 FERIF 5 LA U8 R 7K U8 JFUREIRE 38 H - BV A 4 b (8 S Ak 9 o
MR RN 0.04%, (B 7Y T A ALY T o B AT Ik 1.5%, akimi R T B A E R 0~2% A R
7% NH,Cl K e be il 5255, IF45 1 2Rk E 28 %48 C,S. C,S. C,A Fl C,AF 9 it i 73 B A8 AL #1
H, (EAUMNSE IR A BE 40 X — 4518, JF A 4k 2 W I K I 3 B Pk RE AR AL

HAEr, A XK SEITRET AT IE 3 24 7 RS0 2 B B AL Gk R+ K I T
2k, B R BK e B AR T I 0 SE IR A o R T RS HL A i v R TR A3 B0 ST R XA
RE 4 AH AL RS A R T i A R R R, AR ST LA K VR AR AR R A TR, A B IR A A
FIHUA [ #8 S & Ca0-Al1,05-Si0,-Fe,0,-MgO-Cl {4 R 11 155 Tk KBt S i AR TS, 4 7 AN [a] S350 & 0 40
AR R E iR B b R TP AR AL, IS S AR B E R BUK BT S8, LG i ot R X
W) A 2RSS AL B AT e 5 A K R P BEME BB AR A, e Ja X e 8 T2 b ST R Y i i ATt
BN . AR SS AT Ry A R K e A e AR TR A B R RIS
1 #R5R%

1.1 SEEAFIRILE

SEWR K . EIOTEARIER W, SRR (HNO,, 65%~68%), FALSS (CaF,), 4 4kb45 (CaCl), =2
B (CoH sNOy), /KRR EY (CaSO, 2H,0) %, B A4l ; slisk i = A il .

TH W A o SLEHL Y (HTF-1600 5, BBLE4R); & F 35 (DX-120 %, 3% [E DIONEX);
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Fig. 1 Cement production flow chart of T cement factory
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IR e i o A ST BT BURURE Y TR U8 AR AR iR G AR, o, ARt B ke 2k & 13.99%;
B2 Ay By R Y B )l L 54.90%Ca0 . 18.60%Si0,. 4.45%AL0,. 3.33%Fe,0;. 2.56%MgO .
0.10%C1 . Pk} =&, BN K1 Z %% (Lime Saturation Factor, LSF 5 KH). fif* (Silica Modulus,
SM) Fil45 & (Alumina Modulus, IM), 4345 KH=0.84., SM=2.53. IM=1.31.,
1.3 SERigit

I‘ Ny Y= pi— £ % ) -2 =

ETERPRLRER LU OB AL F 1 5ME CaCl, KRELHI I R
€, SHMCICIR, W CaCLEN B . , o

. able 1 Design of experimental table for calcination of CaCl,

L, A TRV AR A AR R, R R containing cement

— 1= NYANE 2SN A Ml VoS é - —
(CD) BB 8O 0.19%~0.5% FYERHBRE LI H "5 ) Acn) cacl, R RvE
FABROKYE, IFLUARHE MM AL Ry s B REEUT ity kMg K

BOMKDE 3 1 28 d 5 2 PR REAVE 9 o B deds oAb s-1 0 0.1 0 135000 1350.00
# CaCl, Kl e il 5L 40 e itk 1 s, S-1~ $-2 0.1 0.2 211 134789 1350.00
S-5 HA B AL 2H o3 Bk 1 A iy BOOh, K $-3 0.2 0.3 422 134578 135000
A R A 5 A =R (8 W AAE S-4 0.3 0.4 6.33  1343.67 1350.00
14 SLWHE S-5 0.4 0.5 844 134156 1350.00

D) AR A o AR SC IR T, RS HERR A
AN [F48 & BT 53 Y CaCly B3 R FZE B, HUCE R IR T, HIBKEEMLIR & ¥4 5 1 190 B ifi &
T4 Z R 12%~14%. HEFFREUTE T 4 RH8 K 450.00 g, ST 50 mL ZlizK , FH A = s 7 56 WL
% ®50 mmx20 mm (AR, BUCETE 105 C BMEFE N 12 h EEE

2) BBHeetil o BT A ARSI A SR I, B R ENR A R i TR . R L A TR
BRFEERK N : 0~300 C, FHEER 6 Cmin', JFE N E 50 min; 300~900 °C, JIi& & &
10 C'min”', FFIEAFE] 60 min; 900 °C, %% 50 min; 900~1 450 C, FFEHZE 10 C-min', FFIEHt
1] 110 min; 1450 °C, PRIEETE] 90 min. KBl 47 9 BURH A ih B 208 B0, HETH AR i 20k}
g e sk .

3) KR HI A5 o MR GB 175-2007 3l FHREFRRER KU ) A vl 78 2okl By B8 i 72 v in AR 2 4
BN 0.3% 1= ZBEHR ), B EEJE i 80 H i B4R 20% LIF, A2k A, B 5.00 g 43K B
FE (XRD EAF 45 ). 1% M8 m(E 43Pk :m(CaSO,-2H,0)=95: 5 [ FL ]38 A CaSO,-2H,0 ¥ K , Tl B 1E
B ERERE T, FBREHLIR A 2005 190 H 5 20 4% 20% LLF 45K

4) R Sz o BGE BB K JE R R, R IR 0.30 B9 K OB B R AR I B R B Ak, e K
e v i FEpL EAREEBEHE 30 s, msl i dE 90 so HFE A1 A9 K P I A A 20 mm*20 mm=20 mm
KPR E N (BB 6 A FATFE), JFCEEIRZ & FED) (12045) s, FIZKE& UK R R £
AT, R S E R0 ST, B TARMESRY A N IEY 24 h 5 B, HIAS BT R
I K e ks . AT IR SR AR T AR SRR B AR e R T, A 3 R 28 d i T
SERO ] AR A R K P X A0 0 SR PR AR AL 53 AN A 20 mmx40 mmx80 mm (1) 7K e AR L
W EEANECTT 3 AFATRE) Hil &P am B I e K I i ke, SR 2R 20 3R 1R) 1.

1.5 SWEE

1) ZUkL XRD FAF . K XRD fi7 50 P2 01 K e BORL - Py M2 A5 34 BB mGERL) i m(CaF,)=
9:1 By L l4B A CaF, B ARAE N FRPI B, FIH Rietveld 4235480 430 A 122 %h BORE 85 5 W AH B I 43 %
HEAT 222 AT, XRD (U E8 R CuKa #, 2K 20=0.02(°)-step™, FH#E EE 10 (°)-min ' (E =47
R 4 (O)ymin™', HLE 30KV, HLF40mA, f1RBHEE,

2) M A E AL, R FH FactSage 44 i Equilib A5 BB 181 42 BEFE 800~1 500 °C 1 iR B i )
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FHEG AL R, B T KU AR A0 PR b (8 AR BHE 22 4 43 (B 0 550, 6 5000 I i e B0
TE 0.1%~0.5% (B BE N, 4R BB R & & 4380 F ., Ca0-AlLO,-Si0,-Fe,0,-MgO-Cl {4 F 1 /& i L
N AHAS A DR
2 #BR518
2.1 AROFEUSH

1) 4 2 s ARk S AR SR . Rl FactSage #4075 ff, #cBRER 1 P88 — A7 M A B 45 S AL
B 5 2 B EE 54.90%Ca0 2 18.60%S10,:4.45%A1,0,:3.33%Fe,0,:2.56%Mg0: 0.10%C1 15 1l 1+ 5 800~1
500 °C B DX ) AR R P 45 SR B RN DD AR, IRl RO AR L AN E 2 BRI 2 WA, MR R
i) B-C,S 7E 800 °C Fiy st . K A7 7, fF bl % A AR C,AF. FHEEER R v Bl 0 ¥ 4 Ca,MgSi,04 FI
Ca;MgALO,, A . 850 C J5 C,S M BBl a BIFE AL, X5 C,STEMIR T M EEAFFERI R o BRI
FLERP B —3 . 900~940 °C, HE]H" ) Ca,MgSi,0q 73 i, HE— W FEIK & P (Y CaO 4= 1 a-C,S,
fifi 15 C,S Ja i 70 B BR 3 , JFAE 900 °C B i 5 f KAH 63%; [FIBF, C,AF Jit it 43 $ A7 2218 1 Ft .
940~1300 °C, Ca;MgALO,, R ER I, 250 W AHM B Ak, B r SO A PR e, Al
AR H C,AF BTt 73 BUARWT T [, CAF A 43 iR, 1200 C J5, KR IFGEE R, H o
C,S 5 CaO 454 i C,S Bl A FFREE . 1300 C I, C,S KEHAL N C,S, CaO i /3 E 38 s Hy

0 HRUCHEW, ZRHBE AL 5 B L HE X8 L 2 B

NI EL B9 1300 C . 1300~1 340 °C, #AJg% o 17555 '_'Zf..i.aaa‘. cs

40000 B2 7 A 3 v B €4S LASR 9 M 4 CLAF, ol --eCs —-cs o T
{016 T 43 L CaO . ALO;. Fe O, IF-J il A K £ s ,,,Tﬁ_iéf;dk

R R RRREE E T, IR — S | e |
CSZEAAEM C,S. 1340 C g, C,S M & Bl o ear
CIXFIRE I R M T B . Bk, C,S I I ee— j

[ T4 A RO, B 1400 C S AR R L A

C,S th B TF 063 1) y UG AL 4y S AL A e

2 Rt . AR CS 7E 1300 °C BRI A 2 FactSage X {453l Ca0-Si0,-AlL,0,-Fe,0,-MgO-
Ji, f-CaO 7E 1300 °C B BRI 4 FE T FE. L ClEER MHEE

Tﬁ%ﬁ s ‘?}E‘jj ?L'ﬁ‘%%(‘ @J i3] CaO'Sioz'A1203'Fezo3' Fig.2 Simulation of reaction phase diagram of CaO-SiO,-
MgO-Cl1 14 22 #ekHpe iR R 1300 °C Al,0,-Fe,0,-MgO-Cl system with FactSage software

2) N [F) GH T i o B R I 2E AR R 1 — 25 VAR ) 40 B R R L (CL) o it o B A
0.1%~0.5% WYL RN, CaO-Si0,-ALO,-Fe,0,-MgO-Cl {4 2 5 L 45 b 52 107 1 2 HF 4 VR B 4% 1 4 AH I
OB A AR R, I SRS AR R AT, FEOETE 1300 °C B 454 AH B RORH Y 5 434
A, AHAREFR RS E CS. C,S. CAF., CaO. AHMY TR Bt A ki, alE 3
fis . MK 3(a) A& BE, BfE SRS E00 BT, 1300 °C BHA R HAY C,S i BOR Wik i, A
JTf A BN 0.1% b+ 2 0.5% IF, C,S 1Y JiT 4 73 20 B 48% 35 I & 49.5% . % BRIA] 3(b) 1Kl 3(d) AI
A, 1300 °C IRl G S5 B B0 BT, RR T C,S B B B ORI N R, MR
B 01% ETFE 0.5% IF, C,S B BUN 27.5% BN E 25.5%; [FRF, R ZR T CaO B FEE
Bl E TR LT AR K. C,S. C,S Bl CaO B i3 BB AL #8348 5 C,S A A — 3%
(), BT ZE AT LM HE C,S 454 CaO Al C,S MR M, FERIIN C,S Az sl !, 2okl o i) A 1
AR Y AL HE CLAF~CAF™, CAF ZIH iy 1 Fh. fRIE 3(c) T, &5 %iH 0.1% L&
0.5% I, & F v C,AF 1) 51 i 73 BUFE 1300 C BN 18% T FER 13%, (HY&E TASANIKR, 7
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Fig. 3 Variation of mineral phase and liquid phase content of clinker with different mass fractions of chlorine

W, FIOCERWTE X T C,AF B A BGE R THHIME . 45618 3(e) AT &3, WAHETE 1300 C BB
BRSO LI, R E SRR AR 00 B, EOTER ML S T AR Y
AR AR TR B BEAREE ALO, . Fe,O; S AL WAL 0, AT, EHT)2#BIHIA 1300 C B 5L
R B E R R T, ALO,. Fe,O, %5 S AW 41 /i 1n] T ) Al AR AH , AL C,AF B9 A8 Bl 3% i
R

454 A 2B Ca0-Si0,-Al,04-Fe,0,-MgO-Cl A& 2 iz I Af AT AT, ZORk5 iR 3 4 1300 C .
AN TR) 585 1 43 B0 2R R I AH T HR 25 0 AH LR B E 1300 °C b i A U A A e B, ST 2 nT DU
i C,S JH#E CaO A C,S, IR WA A 2E . Pl ST 4340 0.1% L F+ % 0.5% B, 1300 °C
WA R F Y C,S i3 50 48% - TF 2 49.5%; C,S it /3% 27.5% FFE % 25.5%, C,AF &
THUN 18% TR R 13%. TEANT5 1) I 27 S0 8 8] PR Y 25 11T, A7 5 A TR AL 235 SR AR
T b ST 0.19%~0.5% S0 5 73 B0 E RHAR R s iR ABpE i i it B v, BB PIAH CS. C,S. CAF X
CaO FR AR BT it 73 £ iy A At 3, X v /K Ui 26 77 0 2 m & it o B K e 2B 7 T2 B — 2 /Y
HISHE M E . R, O RA R R . —E RS E = m s, X &R
g, AE SR A PR A OR T R Tk 2 BEAR G A% TS5 2E A G BR Y Sy B ED 404 R G A e 2 e R R B A
WEi 58 i . — J& FactSage B 50HE E A & C,A 404Y, Jouk MR R M CLA By Bt 40 B0 A st
I, AH B REAEL A A ) G205 HE 43 B0V 3R b 45 W0 AR 0 BT o A RO AR R, A R T RO W] 48 S A R
K e d58 il 5 e i — 20 B IE
2.2 BRI XRD 7 4f

XF AR EFT XRD RAE AT, S5 R E 4 iR . &R B KA PR T W WK C,S. CS.
C,AF, C,A B ¥tHZ AN, B KL T Alinite #1F1 Ca,,Al,,0,,CL, A 2 A~ F AU, K H Rietveld 42 &
A3k IF 4 B MDI Jade 6.0 1 44E % 48 CaF, Bk XRD (833 b 4 1M 10 2 20 Bk AT 1624 K516
HREP ORI, i T Alinite FUEERCH Cay Mg, V,,[(Si0,);.,(A10,),,JO,CIV : FA&ZENL, 0.35<x<0.45)
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f—2IR AW, LIS 2 H R > R kAT 1-Cal,AlLO,,Cl, 2-Alinite 3-C,8

Wils, fHh TSR 5 C,S 2l LT HE Mk oA ToAT o6s

A, ¥ Alinite H TR 43 500 A B C,S MR N P AUEITE H

B, FEXCS. C,S. CA., GAF, Ca,Al,0,Cl, M

A . f-CaO FlJG 22 FAH (Amorphous) i JiT 5 43 5 “-MMMMM¢Mﬁﬁf
PEATRE AT, SR WME 2 IR, EETY -~MMMMMAMjﬁf
445> CS. C,S. CA. C,AF il Caj,Al,0,Cl, e

A J 2 B AR A 1 S(a) FE 5(b) s, Hi#E 2 . “T“%MW¢wwua-ﬁ
oA 18 S 80T AL, S-1~S-5 ZH N 48 CaF, Bkt 0o ;% 00w

XRD K% ()RS 16 45 B 135 2 ESR<2E, X%

Bl 4 S-1~S-5 B EH XRD &

B, WBACRIEEG XA N 2Ob R A —

Fig. 4 XRD diffractograms of clinker group S-1~S-5

R2 S1-S-5HRE CaF, BRRIBESTHIERE S HE
Table 2 Phase content of S-1~S-5 clinker after Rietveld refinement with addition of CaF, within group

ne WAL 53 5 12 5350 % KiE 24
=
C,S C,S CA C,AF Ca,,Al,0,,Cl, f-CaO Amorphous R/% E/%
S-1 48.44 34.67 4.94 5.28 2.44 4.22 0.00 2.18 1.62
S-2 55.74 26.38 5.52 5.74 1.77 3.86 1.00 2.43 1.69
S-3 59.49 22.51 4.39 4.18 2.36 2.79 4.29 2.31 1.68
S-4 63.70 19.36 3.08 2.87 5.74 1.84 3.40 2.12 1.70
S-5 65.02 20.89 2.45 2.13 4.37 1.20 3.94 2.34 1.68
70 6
B-CS A
60 | —@—CS
5 -
S os0r S A
& T af mca
IH 40 | iy —@—CAF
= 1= :
= = ;| —A—Ca,Al 0L
= =
= 30 ]
- ® \
20 1 2+ /
0 A
10 | 1 1 L L | 1 I 1 1 I |
0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
AR S 0% RVRUTR S H0%
(a) C,S.C,S (b) C,A \C,AF .Ca Al O, Cl

5 S-1~S-5HA4E CaF, AR MHRES HEKL
Fig. 5 Variation of mineral phase content of S-1~S-5 clinker blended with CaF, within group

Y TCERSYT . X ATRERE N, W A AR RO R AN B 45 P me B B R A, Hoh & D Ak
YN Fe,0,. MgO %5122, fy & i i 43 500 0.1% B Ca,AlL,0,Cly /Y 5 43 5k 2.44% 115415 2 S 1Y
FE i ECR 0.12%, BLEE R T AR A B8 XU, KB RAESE —EniRE, H
TEMR B T2 S S B B H0GS 5, 5l i B XRD K516 45 5 %t 2okl v 2 505 Wy A I 4 By 728
PRSI A T 2 AT o
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T2, BB EES YA N C,S I C,S. BEEF RN LT, Bkl £-Ca0 B R
SHECE D . X R, FOTEREHR T AR S btk . Il S(a) PTULSR R, SRS EH 0.1% I
THZE 0.5% B, C,S Fih /8t 48.44% W I = 65.02%, Hh4i& % /L& Alinite #H; C,S i 43 FU
H 34.67% F [ 19.36%, HAEEREDEHN 0.4% Mk 2 B R E, S&F RSB EIHE 05% )5,
C,S WY B 43 B Fr s hn . Bkl C,S. C,S Fil £-CaO Jii i Zp S Asfhta ik B, SOn R TIK R
HRY C,S M) C,S MY Ak, (A U R /- 0 it 0.4% J5 , R dE/E RS . 1 S(b) £, Bk
[) C;A Fll C,AF 45332 E i BUE K, MAERBEE LTHE 02% )5, C,A Fl C,AF Jii it 4344
PR RS, Hd, SRESM 02% FTHZE 0.5% (i fErh, C,A Fl C,AF 1Y 5t & 43 505 ) i
5.52% T W% 2.45% 1 5.74% T W% 2.13%; [FIE, KR Ca,AlL,0,,ClL HHAE A =4 C,A 1 H ]
M, HRSESBCRW ETE, HE M CA M C,AF 4145 . M Al JT 2 1Y 5t & <7 18 /A B R Ut , 34
AlTTREVBES S T Alinite AHITE . X R, 7ESETTE S ER & W SR B R R N o, B2
1) ALO, fii[a] T 5 CaO. SiO,. MgO Hl & G 4 53 55 45 & 4= W Ca,,Al,,0,,CL, AH A Alinite #H. H [l 5 7]
AR, A sr5ch 04% LI 2 0.5% 1), KRR C,S & 40 80 19.36% Tt % 20.89%; [F]
W, Ca,Al,0,CL B T8 5.74% T FE R 437%, 1 C,S B /3 B8 K T 1.32%. 454 Ca.
Al Si #l Cl JC % Y it 52 57 16 A1 Alinite A0 0946 A2 nT AT, S0 73500 0.5% B C,S i 70 0 ik
5934 K T fig EEORE T Alinite #H. DUAY, SOT RS C,S Ml C,S H AL myfE H AL ; MXTHL, KR
m Alinite AH 1 A2 B F6 A8 K

AN R 45 G BB & 0 W AR BT A HRO A R BT, SO0 AT N SR AA R CaO 1T AR
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Influence of chlorine on property of cement produced solely from industrial
slag and material flow analysis
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Abstract To solve the problem of high chlorine content in the raw meal of all-waste cement with carbide slag
of the coal chemical industry as the primary raw material, the thermodynamic phase diagram calculations and
cement calcination experiments of the CaO-Si0O,-Al,0;-Fe,0,-MgO-Cl system with 0.1%-0.5% chlorine content
were carried out. Combined with XRD characterization, cement strength measurement and material flow
analysis, the influence law and material flow of high-quality chlorine content in raw meal on clinker phase and
cement performance were explored. The results showed that chlorine promoted f-CaO to combine with C,S to
generate C,S, and caused a decrease in the mass fractions of C,S, C;A and C,AF in the clinker. When the
chlorine content increased from 0.1% to 0.5%, the C,S content increased by 16.58%, including a small amount
of the Alinite phase, and the C,S content reached the lowest value of 19.36% when the chlorine content was
0.4%. When the chlorine mass fraction is more than 0.4%, the promotion of C,S to C,S conversion becomes
weaker, while the growth rate of the Alinite phase becomes higher. In the system with a higher chlorine mass
fraction, CaO, SiO, and Al,O, tend to combine with MgO and chlorine-containing substances to form the Alinite
phase and Ca,,Al,,0,Cl, phase. The influence of chlorine on the clinker phase was mapped to the strength of
the cement as follows: when the chlorine content increased from 0.1% to 0.5%, the 3 d strength of the cement
increased by approximately 30%, but the 28 d strength had little room to increase. The results of this study can
provide a reference for the control of the raw material chlorine mass fraction in the production process of high
chlorine cement with a bypass dechlorination system.

Keywords industrial solid waste; cement properties; chlorine; cement strength; thermodynamic simulation;

mass flow analysis
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