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%1% TFml Tk, BREICBIAEEDRT A0 HEEARD SN TEBY, Fofhcar sV — R 1LEHE
WCBWTC, BAY b ar 7 V—  OREDEZEERBEM THLEF AT TR CEBRL, DEOT AL |
AN X0 UG ETEALT A Z ERHRUTH L Z LR LZ. 61T, BATO JISR 5211 THESN TS
0% 52T, BIFAT 7B REKREICHMT LT LB VRIEAT 7 AL har s ) — s OBEDOHIE 2%
L, OB DAL H) % BRIz LTz,

% 2 ISEM-EDX Z W= A 7 7 OIGHRE & KT DR IHT ) Tid, AWFZE T L7z o8 FEIZO0
TRk L7=. Scrivener (2 & VR S 72 SEM-EDX (2L D vy o A ir— hkFn# (C-S-H) OFBDHTIE,
CalSi 7217 C72<, Al, Na 2 DD B OEFBEZIBETE L2 TIETHS. AL T, AFEEZRKNEOE
RS TNRERITBIETHE AL F~EHT 72012, TEMSHIZE A7 —2 LB LT, O ED 4 Iz
VW CRRGRE L7z,

%3 INaCOsHHIMANI & LTz AT Zar s U — hOREE KO/ TiE, BEx a7 v ) il &
VFEAH DA B DBERIMEIC OV THFT L, NaxCOs & EF AT 7 RKOMEE N R bEN TS Z &
FALIZ LTZ. NaxCOs # 7 Vv VHEAIE LimAZ 7227 U — K (Na-BFS) 1I# M ERNCIEAET D CO2
PEHEL, BE, 7V —VEANEREOBBRTEIT LHFICBW THAMICEHA I T2 ElFe A~ BHEZH
Wieary 7 U—h (BB) O 25%ICHIKTHZ N TES. £, 2oz V— MNIMEREMTHY, SR
HHEPEICENDEFNSH DL EEHLMC L. UL, Eire LT, bR TRk ECEAEZEL D,
FHAEE, TV T UHR LIRS REOL—A MAWETI L L CHE T L LELE LD L ERLT.
L~ =2 b OKF DT OFE S, BB DEA & Hlt LT C-S-H 1% Ca/Si 73 L <K<, & 5L ED Na 2% C-S-H
WCERVIAENTWAEZ EEHALMNI. CS-HDO CanRRELTWDZ LT, Iz X 2 0 fRicxtd 2 Hprik s
<720, F£7=, Cax Na BWHHEISCHERNIZE VO - IEHT 2 Z LI X v iEskL, 77V o7 B a4 T
TWBHDEHEZE LT,

% 47 TCa(OH), & IFIEM ZRIAI & LA T 7 a7 U — b OFPEE KT OMEL] TiX, §3ZEORF T
M) LA T NI VRBEERIE LIc AT 7 a7 ) — R NOd Ca REICERTAMAEORERH -T2 L 52 5%
T, T URIEEIE LT Ca(OH), EIFSEM AU L=t A b2 BRL, ZhefnWkrssary
U— b (Ca-BFS) OWHRCIHAMEIZOWTIRETT 2 & & big, KO EZH LN Lz, 20 Ca-BFS Tl
Na-BFS CRIBE L 72~ 727 7907V BG A A U, ACIUiEL BB LIRS F TEsh, &5 2 kA Na-BFS
LHEARTRIBIR S N7z, 72720, P bix BB LT 5 Ll 20, EAMEY S0 2 SICEE A M
EThBHILEIER L. Ca-BFS ® COxHEH &% BB DF) 48% I IZHIH X 41, (KREWETH Y, HAOEBIRTIME,
TNHY I OSEIEIC GBS . AT T ORISHECKT O OFER, @&IF R T 7B RPN LN
ML, RIS fe e 2 P L QU ve. C-S-H OfEki, CalSi btk BB ERI%LLETHY, Znn7 74
VT VBAR ORI BICFE L TTW D EHEER LT

Fom (RT77ary ) — bOFRMAGRRIZIS T 2 LA & AR OfENT ) TiE, %3 BB IO 4 &I
RLT- C-S-H OMEOMEICEBE L, BFAT 72 REIHEH LIZar 27 U — ORIz L 555 fR25E) 2 K
MO AL OIS HRE L=, BB, Na-BFS, Ca-BFS OWTH DAL, RIS AT VR FPIZAR L=
ERARFN IR L, i S v7e Ca SN KT ONLIE CIREE I NV T A e LTHIHL, EREFETATDHI L,
oL Xx, C-S-HHD Ca DD 7 WIGAITIIRIEAI N T ML DZEROFE T AN +5 TR ERMPHRILT 5 Z
EEPOLNI LT, £, A C-S-H @ CalSi Tix72 < Ca/(SIHAN/NEWZ EHL 7257, X HIZ, SEM—
EDX %% A > MAKFI OB OSHIC D THEMA L, AhiaFiks b etz R L.

%6 3 [Ca(OH). L EM ZRlAI &L L= AT 7 ar s U — FOEREES] TiE, BEwOk TICBWTHE
Lhb, BEOVT 4—I7 A bar s )— NI TORE, RNUoTIZL54AR, FED, BEREO—ED
BRI D, AN R A L LY. i TaRBR & L C, Ca-BFS =127 U — b ZHdiE<elii T2 CTHBR R
B TEIILE R, WA 7V —hEERRICH T CE 2 2 L 2L, &6, LLzar 7 V— ki
Fo7e B L 7o TND Z & AR OIEMIETIAIZ LV R L.

B 7 E AR TlE, BFPFAZ 7R EREICHER LIZGEAOT7 A0 ) FSANC X 2 KFigfik s a7 U
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This thesis entitled “Properties and chemical compositions of hydration products of slag concrete containing alkali
activators” consists of 7 chapters.

Chapter 1 “Introduction” describes the effectiveness of the utilization of a large amount of blast furnace slag with a small
amount of an alkali activator, as a replacement of traditional cement/concrete, to meet the requirement for reduction in
greenhouse gasses emitted from the construction sector. Previous studies on alkali-activated slag cement were sorted out to
clarify their issues and goals of this research.

Chapter 2 “Hydration rate of slag and chemical composition of hydration products by SEM-EDX” describes the analytical
methods used in this research. The SEM-EDX method developed by Scrivener et al. enables researchers to quantify not only
the Ca/Si ratio but also the content of miner elements such as Al and Na in C-S-H. In this research, the compositions obtained
by SEM-EDX were compared with that by TEM-EDX to evaluate the adequacy of this method in order to apply this method
to an analysis of a cement paste in which a large amount of anhydrated slag was remained. Moreover, SEM-EDX is proved to
be useful method when applied to an assessment of decomposition process due to a degradation of cement paste.

Chapter 3 “Properties and chemical compositions of hydration products of slag concrete activated by Na2COz3” provides
the results of exploration into the strength development with various combinations of an alkali activator and a mineral
admixture and shows that the combination of blast furnace slag and Na2COs is the optimum. Na.COs-activated slag concrete
is capable of reducing CO2 emissions to 25% of concrete made using Type B blast furnace slag cement, which is widely used
in public works under the Green Purchasing Law. This concrete also shows superior performances of low heat generation and
low chloride ion permeability. However, this concrete is found to have some disadvantages such as large autogenous
shrinkage during hardening, fast carbonation, and surface degradation referred to as the “Absanden phenomenon,” in which
surface paste is weakened and chipped away. As a result of hydration product analysis, it was elucidated that Ca/Si of C-S-H
in a Na2COs-activated slag paste is much lower than that of Type B blast furnace slag cement and that a large amount of Na
is incorporated in C-S-H. It is therefore inferred that the lack of Ca in C-S-H leads to the fast decomposition of C-S-H by
carbonation and to the Absanden phenomenon caused by decomposition and leaching of Ca and Na due to carbonation and/or
rainfall.

Chapter 4 “Properties and chemical compositions of hydration products of slag concrete activated by expansive additive
and Ca(OH).” discusses a novel cement in which an expansive additive and Ca(OH)2 are used together as an activator to
overcome the durability problems that arose with the Na activator. The physical properties, durability and chemical
composition of hydration products were investigated. This concrete did not suffer from the Absanden phenomenon, with
autogenous shrinkage being improved to a level equivalent to that of concrete made using Type B blast furnace slag cement.
Its carbonation rate was also significantly improved when compared with Na2COs-activated slag concrete. However, since
the carbonation rate was still faster than the concrete made using Type B blast furnace slag cement, consideration is needed
for the structure type and cover thickness. This concrete is capable of reducing CO2 emissions to 48% of concrete made
using Type B blast furnace slag cement and demonstrates superior performances of low heat generation, low chloride ion
permeability and resistance to alkali silica reaction. The results of hydration analysis of paste samples revealed that slag
reacted quickly at an early stage of hydration to form fine pore structures and that Ca/Si of C-S-H was equal to or higher than
that of Type B blast furnace slag cement. These characteristics are considered to contribute to the avoidance of the Absanden
phenomenon and improvement of carbonation resistance.

Chapter 5 “Analysis of microstructure and reaction products of slag concrete in the process of carbonation” investigates
the decomposition behavior of the hydration products of slag concrete due to carbonation, focusing on the difference of
C-S-H compositions among mixtures as described in chapters 3 and 4. As a result, it was revealed that the decomposition
process is the same in all mixtures of Type B blast furnace slag cement, the Na2COzs-slag system and the Ca(OH)2-expansive
additive-slag system. First, the inner product C-S-H, i.e., C-S-H formed inside the original slag grains, decomposes and
releases Ca. Subsequently, the released Ca forms CaCOs and precipitates to fill the pore space at the outer products region.
Here, in the case of a mixture with low-Ca C-S-H, the pore structure becomes coarser, as only a small amount of CaCOs
precipitates. Moreover, the authors demonstrate that the carbonation rate increases as the Ca/(Si+Al) ratio, not the Ca/Si
ratio, of C-S-H decreases, since Al decomposes to form aluminosilicate gel in the same manner as Si during carbonation.

Chapter 6 “Practical study of slag concrete activated by expansive additive and Ca(OH)2” establishes a standard
construction procedure for each step, such as production of concrete at a ready-mixed concrete plant, placing by a pump,
compacting and curing. Through trial construction, it was demonstrated that this slag concrete can be used in the same way
as traditional concrete without special equipment or methods. The quality of concrete after completion of work was
confirmed to be sufficient by nondestructive testing.

Chapter 7 “Conclusions” provides a summary of the thesis and its main conclusions.




