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Abstract

In the present study, the multiple light scattering method was used for analysis of early hardening behavior of natural hydraulic
lime (NHL) containing inorganic additives. In order to improve the properties of self-manufactured NHL, blast furnace slag and
three types of gypsum were mixed with mixing ratio, and a water/solid ratio of fresh NHL paste was fixed 0.6. The fresh pastes
in flat-bottomed cylindrical glass tubes were placed in the instrument. The backscattering flux (BS) of light from fresh pastes
was then periodically measured at 10 minutes intervals the entire length of the sample (55mm) at 23°C for 24 hours. The rate
of increase of BS, slope of a linear equation to the mean value of BS (%) as a function of hydration time, was increased from
0.02 to 0.38 BS %/hour due to addition of blast furnace slag and gypsum. In the case of addition of hemi-hydrate, BS (%) and
rate of increase in BS were highest.
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Table 1. Chemical composition of low-grade limestone
(unit: %, by weight)

MgO ALO, Sio, Ca0 Fe,0,

1.32 3.04 13.8 42.8 0.98
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Fig. 1. XRD patterns of raw materials. (a) NHL, (b) BFS,
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Table 2. Mixing ratio of raw materials and designation
(unit : %, by weight)

No. | NHL | BFS | DHV | HH? | AHY

Designation
1 100 - - - - Plain
- - - NB20
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Fig. 2. Backscattered light of NHL paste mixed with 20% of BFS.

J. of Korean Inst. Resources Recycling Vol. 26, No. 1, 2017



Multiple Light Scattering #4538 )83}

0 / CaCO.
”‘Hg

Ugh Sourte / H,0

Detector

Light Source

Mortar

Detector

Fig. 3. Schematic representation of the backscattered phen-
omena of light in the natural hydraulic lime mortar
from TURBISCAN apparatus. (a) Fresh mortar, (b)
Hardened mortar.
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Fig. 5. Backscattering flux (%) of NHL paste mixed with
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Fig. 6. Transport mean free path of NHL paste mixed with
different types of gypsum 10%.
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Fig. 7. Transport mean free path of NHL paste mixed with
contents of gypsum. (a) Anhydrite, (b) Di-hydrate.

Table 3. Backscattering flux value of NHL paste mixed with
different types of gypsum

Sample Slope Max. | Mean | Min. R?
name (%o/h) () | (%) (%)
Plain 0.02 54.16 | 53.88 | 53.64 | 0.773
NB20 0.12 58.54 | 57.76 | 55.62 | 0.666

NB20DHO03 0.18 59.29 | 57.62 | 55.55 | 0.898
NB20DH10 0.20 60.49 | 5827 | 56.18 | 0.981
NB20HH10 0.38 6343 | 59.25 | 55.83 | 0.968
NB20AHO03 0.16 59.32 | 57.18 | 5555 | 0.942
NB20AH10 0.17 60.73 | 58.72 | 57.05 | 0.952
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Table 4. Transport mean free path value of NHL paste mixed
with different types of gypsum

Sample Slope Max. Mean Min. R2
name (um/h) | (um) | (um) | (um)
Plain -0.31 388.96 | 385.40 | 381.36 | 0.773
NB20 -1.85 | 436.31 | 402.43 | 380.46 | 0.662
NB20DHO3 | -2.74 | 437.51 | 404.84 | 379.43 | 0.900
NB20DH10 | -3.07 | 426.98 | 395.06 | 362.44 | 0.982
NB20HHI10 | -5.49 | 43290 | 381.94 | 323.76 | 0.971
NB20AHO03 | -2.47 | 437.56 | 411.51 | 379.00 | 0.945
NB20AH10 | -2.43 | 413.20 | 388.10 | 359.17 | 0.955
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