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ABSTRACT

Greenhouse gas reduction will be highlighted as the most pending question in the cement industry in future
because the production of Portland cement not only consumes limestone, clay, coal, and electricity, but also
release waste gases such as COz SOs and NOX, which can contribute to the greenhouse effect and acid rain.
To meet the increase of cement demand and simultaneously comply with the Kyoto Protocol, cement that gives
less CO; discharge should be urgently developed. This study aims to manufacture non-sintering cement(NSC)
by adding phosphogypsum(PG) and waste lime(WL) to granulated blast furnace slag(GBFS) as sulfate and alkali
activators. This study also investigates the hydration reaction of NSC through analysis of scanning electron
microscopy(SEM), X-ray diffraction(XRD), differential thermal analysis(tDTA), and pH. Results obtained from
analysis of the hydrate have shown that the glassy films of GBFS are destroyed by the activation of alkali and
sulfate, ions eluted from the inside of GBFS react with PG and produce ettringite, and consequently the
remaining component in GBES slowly produced C-S-H(I) gel. Here, PG is considered not only to play the role
of simple activator, but also to work as a binder reacting with GBFS.
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Table 1 Chemical composition and physical properties of raw materials

Item Oxide composition(%6) Blaine | Specific
Type Si0z | AbOs | CaO | Fex0s | MgO | NaO | K20 | PoOs | TiO» | SOs | LOI | (g/em®) | gravity
GBFS 34.76 | 1450 | 41.71 0.48 6.87 0.14 0.44 0.03 0.62 0.13 0.23 4,600 291
APG 1.34 0.12 | 4097 | 0.04 - 0.06 - 0.64 0.05 | 5493 | 0.81 4,300 2.88
DPG 1.08 007 | 3228 | 0.21 0.05 - - 0.58 0.04 | 4329 | 22.37 4,100 2.36
SL 0.19 | 6583 | 012 1.03 - - - 0.03 113 | 3151 5,400 2.27
WL 488 162 | 42,12 | 1.35 6.89 0.11 1.89 0.02 0.02 312 | 3317 4,100 2.22
OPC 2088 | 539 | 6473 | 2.38 1.51 0.27 0.22 - 1.33 1.65 2.04 3,300 3.15
#9144 T (phosphogypsum;  PG),  HA8](waste  lime; Table 2 Mix proportions of non-sintering cement
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Fig. 1 X-ray diffraction patterns of OPC pastes with
different curing ages
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Fig. 2 X-ray diffraction patterns of BSC pastes with
different curing ages
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Fig. 3 X-ray diffraction patterns of NSC1 pastes with
various contents of APG at 3 days
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Fig. 4 X-ray diffraction patterns of NSC1 pastes with
various contents of APG at 7days
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Fig. 5 X-ray diffraction patterns of NSC1 pastes with
various contents of APG at 28days
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Fig. 6 X-ray diffraction patterns of NSC1-c paste with
different curing ages
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Fig. 7 X-ray diffraction patterns of NSC2 paste with
different curing ages
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Fig. 8 X-ray diffraction patterns of NSC3 paste with
different curing ages
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