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A Study on the Characteristics of Chlorine-Containg Cement Depending on
Changes in Gypsum and Iron Modulus
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Abstract

The physical properties of chlorine-containing cement were analyzed to optimize the operational conditions when waste
resources containing chlorine were used in the cement manufacturing process. Cement with clinker to gypsum weight ratios of
95:5 and 93:7 were manufactured. In addition, the iron modulus (IM) of clinker was set to 1.3, 1.5, and 1.7 to evaluate the
burnability and physical properties of clinker. With constant chlorine content, increasing gypsum content resulted in a decrease
in the 3 day-compressive strength, whereas the 28 day-compressive strength increased. In addition, flow and setting time also
increased with increasing gypsum content. As the IM decreased, burnability was improved, free-CaO content decreased, alite
and ferrite content increased, and compressive strength increased In particular, the compressive strength of IM 1.3 was
approximately 14% greater than that of IM 1.7.
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Table 1. Waste usage status of domestic cement plant® (Unit : 1,000ton)
Waste Kind ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 20
Fly ash 2,731 2,632 2,709 2,804 3,150 3,179 2,792
Clay Sludge (Organic) 399 510 356 328 435 727 883
. Sludge (Inorganic) 473 1,173 1,589 1,755 1,616 1,588 1,744
Material
etc 498 232 279 190 308 591 330
Silica Molding sand 529 559 573 654 563 606 610
Subtotal 4,630 5,106 5,503 5,731 6,072 6,691 6,359
Waste tyre 224 244 258 263 286 275 186
Waste plastic 680 698 784 858 915 1,016 1,407
Fuel Waste rubber 30 39 51 115 70 76 88
Waste wood 28 50 56 30 92 35 40
Subtotal 962 1,031 1,150 1,266 1,363 1,402 1,720
Total 5,592 6,137 6,653 6,997 7,435 8,093 8,079
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Fig. 1. Sintering program of clinker.

(1), @) % 3= &30 E37 ZESHLE ARSI

Lime Saturation Factor )]
O
T 28%5i0, T L1I8 < Al 0, +0.65 % e, 0, 1"
Silica Modulus = ——— % 2
ilica 0uus*Al203+F6203 )
Tron Modulus — 2% 3
ron ouusfFezog 3)
ojuf 47] Y85 EY(HT-1000, HAN TECH;it, 3t
T2 A1g3te] 3087 BTG om], Egto] gEH E3t

o

A5l B 33.4%S Frsto] 25g TS A 2519
BUSRE BB VB, 4L I, AR, 9IRS
TSR] L ALt AL Aok 5l 22 4E AR
SHAck ARE AT 24417 59 100°C 2701 &4
AZ & 4245190} A7) Z(HT-1630FL, HAN TECHit,
F)oll GUE 37 Fig. 19} 20] A0l 900°C7HA]
SLHE 10°C/min @ & 588 5 3087 RAIACE. o]
F 5°C/minC& 1,450°C7HA] $-L510] 587F 4A5 &
1,200°Co A 25 & JZ510rt. 222 AMIE vig=
2 AAJSHAL AR TS Fig. 29} 7o) AYISATt.

2.2, 0|21 B2k HIof

2 ARof| A= o] 541 ol mhE P4 oF- Al
E9] ¥4 5 FRIstrA G4 TS Oppm, 500
ppm, 1,000ppm % 2,000ppm & AoJ5}F o1, ZH7|

=

A T AHIES] S0 Aot A7

55

®

-LSF 92,SM 25, IM 1.5
+ Chlorine Content (0 ~2000ppm)
&)

4>| Raw Mix Design

- LSF 92, SM 2.5, IM 1.3~1.7
+ Chlorine Content: 1,000ppm

* Raw Material : Reagent
(CaCOs, Si0,, ALO;, Fe,0s)
+ Chlorine Source: CaCl,

Raw Mix Fabrication

+ Sintering : 1450°C-10min

Clinker Fabrication

o) )

v
| Mineral Analysis

| Burnability Analysis |

| - XRD Patterns

Mineral Properties

; - Free-CaO Content

Burnability Properties

Optimal Clinker

* Gypsum content : 5%, 7% i * Gypsum content : 7%

I4

rdinary Portland
Cement (OPC)

[9)

- Fineness : 3,500+200cm?/g

- Compressive strength

Physical Properties

- Mortar Flow, etc.

Optimal Cement

Fig. 2. Schematic diagram of experimental procedure.

Table 2. The blaine fineness of cement manufactured (Unit :

cm?’/g)
Chlorine content Blaine fineness
(ppm) Gypsum 5% Gypsum 7%
0 3,650 3,380
500 3,660 3,380
1,000 3,770 3,540
2,000 3,700 3,400
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Table 3. Clinker modulus

Clinker modulus
Sample name
LSF SM ™M
IM1.3 92.0 2.5 1.3
M 1.5 92.0 2.5 1.5
M 1.7 92.0 2.5 1.7
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Fig. 3. The flow of cement mortar added gypsum.
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Table 4. Compressive strength of cement mortar as gypsum contents (Unit : MPa)

Compressive strength
Chlorine content (ppm) Gypsum 5% Gypsum 7%
3days Tdays 28days 3days 7days 28days
0 28.5 39.2 54.5 27.1 38.7 54.2
500 28.0 39.6 56.0 27.9 41.1 58.0
1,000 34.2 44.5 59.1 28.7 433 62.9
2,000 313 39.9 54.7 312 41.5 60.5
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Fig. 4. Setting time of cement as gypsum contents.
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Table 5. Autoclave expansion of cement as gypsum contents

(Unit : %)
Chlorine content autoclave expansion
(ppm) Gypsum 5% Gypsum 7%
0 0.06 0.06
500 0.06 0.05
1,000 0.04 0.05
2,000 0.07 0.06
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Fig. 5. Free-CaO content as iron modulus.
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Table 6. XRD peak Intensity as iron modulus (Unit : Counts per Second)

Iron modulus Alite Belite Aluminate Ferrite Chlormayenite
1.3 7,531 4,870 2,031 1,318 276
1.5 7,484 4,234 2,287 1,083 245
1.7 6,505 4,083 2,953 995 240
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Fig. 6. XRD pattern as iron modulus.
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Fig. 7. Flow of cement as iron modulus.
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Table 7. Compressive strength as iron modulus (Unit : MPa)

Compressive strength (MPa)
Iron modulus
3days 7days 28days
1.3 31.1 44.8 65.2
1.5 28.7 433 62.9
1.7 27.7 39.6 57.1
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Fig. 8. Change rate of compressive strength as iron modulus.
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