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Using lime and amorphous silica as the starting materi-
als, gyrolite (Cag(Si2030) (OH) 4 7TH20) was prepared
hydrothermally with the Ca/Si molar ratio of 0.66 and
0.50 at 200°C for 0.5-128h. The formation process was
studied mainly by 2*Si NMR. The initially formed C~S-
H consisted mainly of long chains of silicate anions.
For Ca/Si=0.66, the chain which had been formed was
broken, and C-S-H changed into gyrolite and xonot-
lite. For Ca/Si=0.50, only gyrolite was formed from a
long chain of the silicate anions. It is thought that the
differences of the C-S-H structures, which were
formed in the initial stage, greatly influenced the final
products. In addition, for Ca/8i=0.50, the Z-phase
was also formed as a precursor of gyrolite and its sili-
cate anion structure was similar to that of the gyrolite.

Key-words : 29Si NMR, XRD, C-S-H, Gyrolite, Xonotlite,
Hydrothermal synthesis, Ca/Si molar ratio, Precursor, Con-
densation

1. #&

Vw4154 F (Cag(Siye0s0) (OH) 4 7TH,0) 13, ¥/ —
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DWCHEHAHTH 5.
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B A4 TERZITY, THIEBR» 6V x4 354 b
CEERALT AT TOF A B4 4 v OBEELE B, O
EWERET LA DTHA.

2. EERAEE

2.1 HEWERCERSEH

SR O & R IL, Meyer & Jaunaraja® O JFEIC R,
Ca0 ¢ silicic acid (54 5 A7, ig. loss 12 mass%)
& H\, Ca/SiEILH0.50£0.66, AK/E#EE=30.00Y
ARV Y 5 /200ml # A B300ml O < AR (150
rpm) 4 — 7 U—TIHA LTI 7.

ERIEET, 200°CICERE L, A BURRE%0.5h 2> 564h
FCERICEHRE L.

HHE LN, DK B2 A AT RIBE 2 B 1
BTV F 25—V —T4A BTE LERE TV —
H—PTRAE L7z, 7o R X EEYT (XRD) X044
B ORER & 1T - 72,

2.2 XRD DFIEEM

XRD /8% —OMEIC, BEBEREEO X FErEE
(RINT1000) Z{# A L, EIMEE4OKV, HIHnE K40
mA T CuKa ff7 7.

2.3 29Si NMR DRIFESH

AW CciE, 270 MHz OB K 3B % E (NMR:
JEOL #, GX-270) 1= CP-MAS 1= v F%a{in L7
& NMR % H L, SillEsEE#53.5 MHz, HWERH
F400 W, H B&EH$270.0 MHz, HJj150 W, &0
RERS 6 us, B S IVEEESL 3~4 kHz, WERFEHS5000
Bl &t CPMAS ¥ (Cross Polarization Magic Angle
Spinning Method) T L7-. CPMASNMR X, 74
Ft% & KER L OMENER %2 AN BV < ks A3
EHETHLHIEnD, Vvl BF54 POERICKL Ca/
SLENHOENGETERT SV 5/ —IVEORI, X
UERILOBETOY 5 ) —)VOMERIEOBINCEL, B
HirFETHS.

RNV T FOFKEYE L LT, DDS(3-(trimethyl-
silyl)-propane-sulfonic acid, sodium salt)® (1.67 ppm from
TMS (tetramethylsilane) ) # HBHIC20%EAE L, RU
H—RFx— FROANBESml DT VIV IVICE AL
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3. RRRUEZR

3.1 XRD |ZkBERMDHER

3.1.1 Ca/Si=0.66M%K4E

113, 4o XRD /3% — /% EEBIRREAICR L
7. ARBARAH0.5h CREICHRFEO Ca(OH)2 2 R H5h
<, BIEY K EE RO C-S-H OETHRIC—3K L7287,
F O, SREFEORE & &SI S OEHTRE TN
L, 2h TR A0 4h TIHMETOEM AR L. Thid
PEVBh DIRETIE, VoA TS 4 b, Cag(Siz0s0) (OH) 4
7H,0 (JCPDS 77— F No. 12-217)¥ OERPHER T E 5.
F 7320 LABE T, v/ b5 4, CagSis017(OH)2
(JCPDS 71— F No. 23-125)9 4= g BsA L, 128h T
3, Vx A3 FEV ) 5L FO2BOREE A
R AV AR TE /. b ORI, Meyer &
Jaunaraja®, Assarsson® O & L < —F L.

3.1.2 Ca/Si=0.50DBA

Ca/Si=0.50 (F2) Tid, AROWIABR T Ca/Si=
0.66 TOAEK & MBEIC C-S-H O ADBHHE IN 57, 4h
DI, C-S-H OEFTHMEOKT & & $121.53 nm (&
TR 4 £ > Z M, Ca(Sip0s)-1.7~2.0H:0® DA A

(AT E, ShLET, BV v B354 FOER &R
L7z, 20Ok, AREHEORAE & LI ZHEPED L,
VA B4 FOEBHRENHENT S, 16h D TiL,

20/ (CuKe)

Fig. 1. XRD patterns of the specimens prepared at Ca/Si=0.66
for specified time.
O C-S-H, @ Gyrolite, \/ Xonotlite

10 20 30 40 50 60
20/ (CuKa)

Fig. 2. XRD patterns of the specimens prepared at Ca/Si=0.50
for specified time.
(O C-S-H, @ Gyrolite, ¥ Z-Phase

VA5, FPOB—HOLSICRZAN, Vo454
F O Ca/SIEIV A ER T S LLFEERIITT U D
DER X720 XRD Tl e W ER GBS A Bo 0
FEL TS EEZLNS.

3.2 29Si NMR |2k D71 BE1 7 > (DRSS R

3.2.1 WHERMDT 1 EEA A D&

MMPAHOEFRTXRDICE A &, $70.30nm,
0.28 nm, 0.18 nm [T A EIHTR 2o EEME 7 A
B H Ly KR (C-S-H) ThH D, ThE THES
NTWAHRE %D Ca/Si TV CHER L7 C-S-H & BT
RE—VICKERZEZRON o700, LhL, K3
WARLENMR OFRTE, Yef254 FEDAIVY
TACEL FNES A B (Ca/Si=08), V/ 54 b
(Ca/Si=1.0) 2, RIGOPHICAER T HE NIV T L C-
S-H D7 A B4 4 /s (Q L Q2 TR, @Q!
=1~2 fBIE O B SRS 010 LR D, Q2O
TFIVHRIEFICERSEH S 5. Thbb, Vv D054+
OEROUICREN A C-S-H D7 A WA 4/ DS
i, BEWiigEchL e ELZLNS. T, QRO 3N
v 7 b, Ca/Si=0.66,0.50 O 4 F 4 €T — K
(—85.3ppm) LTED, YA FROELTOKEEDHE
TERIL, MU CTHHLHMCTES. F72, —85.3ppm D
V7 FIniE, Ca/SiBNVHORL S C-S-H O A B4 4
VOREI O \WT, NMR % H W TP L 72 Grutzeck
512 0OE 7 A B C-S-H (Ca/Si=0.65751.0), RHICE
EOLUREH LBV S/ — (Si-OH)C-S-H O v 7
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Fig. 3. 29Si NMR spectra of the hydrothermally prepared speci-
mens at several reaction times by CPMAS method.

(A): Ca/Si=0.66, (B): Ca/Si=0.50

Q! : end of chain silicate structure of C-S-H,

@2 : middle chain site silicate for C-S-H,

@?*: middle chain site silicate for xonotlite,

@3 : sheet silicate structure for gyrolite,

@3*: branch site silicate structure for xonotlite.

WE—FTHI s, RIGHMOKERY 7 IVEE %
BHI5H QUL CORDHERIG TEEZRE#FHOEY
5/ =) C-S-H OFEEZRTIDEEZONS.

B, FMICHEREIC XA NMR AX7 FILOE WS
R 5 &, Ca/Si=0.66&0.50DRICHkD k> R %
BB EWTEA.

3.2.2 Ca/Si=0.66DK4

& 3 (A) ICA BB O B ix 5 3k o CPMAS 29Si NMR
ANT PR Uic. RIGERAE 1h DINTIE, HREYE
DIERBET A BRBIMAKSE L TER Lz Bbh 408D
Q3 (F9—95 ppm : B NBEED 7 A B A /1) DR,
LCW5%., $£7-Q2? (—85.6ppm) B&EAERTA. Th
i, KBEREIC L > TER L/ C-S-H O@#EE R ETH
BLEZOLNBP, TOFh, HEWED SIKSELT
R L7-SEREED T A A T VA EENTOAIREE RS
5.

& B 2h DIREC —90 ppm A & —100 ppm O [ Chn
KOBTER LA QP AL I NNV T FOBETY Y
FNBBEDWMA RSN A, Thit lh T EHmEMET
L7 BUMER L C\\5 T &, 5h U CTHELRY 7
FTNWELTHBRINS &5, IMKGEERY Tk

< Vw4854 FPORIRETH S EBbhs.

A R 4h 5 5h ORIT, AROWHICE NI C-S-
H7Zz@HT5 @ (~85.6ppm) V7 FILAEA L, Th
IR, T E THEME T - 2 QL BRPEL Q1(—79.2
ppm) VI ELTCHRIEBENS. FRABCY v 405
A FEBRLTHWS3EADQ3(—91.1 ppm, —93.2 ppm,
=98.7ppm) WDV T FIBY v =TI, Vel
A4 FOERBEATHNAZ EEZRLTWA. TOI L
BROWINCAR LR\ RSO A B A AR, Tl
VI AA T/ L OGRS, mWEEEE O A A 4
R LIBIEY v A 054 MELicEEZ25Nn5.

HRRERHL6h LR ¢, XRD CTid B & 2 Tl e\ 28,
NMR 27 F Ui, BEIC—86.1 ppm & —97.2 ppm IC
VIFNWVEREDV /) P54 ( QL@ Db EHH
G DIORER L, KIGHRE 2 hiIcy v 4054 M
WAL, /) P54 FBPENTAZ EERLTHS.

3.2.3 Ca/Si=0.50DE4

Ca/Si=0.50(Fig. 3(B)) Tid, KIGEA#H0.5h D A2
vz, Ca/Si=0.66 & FREIC C-S-H D8RS %R d
Q> 7 F IV DFE I —107 ppm A & —110 ppm B O
—90 ppm 2> 5 —100 ppm OEIZ 70— Fir Q* & @3 D
VIR SIS, Thid, FEEEY ) HOIKS R
ERCHH EHEINS. 2h S 4h ORITREONS T
O— F7 @33, Ca/Si=0.66 * FELERD RO N,
Ve AT FPEBRLTWA QR THY, KL L LI
VTl I FINERb.

Ih» G4h DR TRICHE T H2KD VY 7 F L
(—82.3ppm, KU —85.6ppm) BEHINB. —82.3
ppm OV 7 FIUiE, Ca/Si=0.66T HEITHHE XN 57,
Ca/Si=0.50Tid, METH 5. TOV T FIVOFEMICD
WTEAHTH A, 1Th TRRIZED, ZOR%RIEHEADS
HT EPD, HEWEOMKTHETER LT A A
IR AFREMEAE. E/z, —85.6 ppm DI 7 F L
i, 4h FTHEMLZOBBA L kY, C-S-H Z2H#R L
TW5 Q? LTINS, —79 ppm T ICHEMED Q1 12
ST BT FIVBBRHIN AR, 4h DB NEE L7-.

QT 4h LIEECHA L, 8ShTHETA. Thigfw
VA 054 D IED QP VI FINEY v =TI BB,
Ca/Si=0.66 TR 57z Q2 DEWAICEES Q1 v 7 FILDH
BRRobhimhrolc. Thid, CS-HuEBR LT3
RVEBEO A BA 4V (%) 5, BVH#HOE UM
INBH L VA5, ML EHBRLTWA.
¥ QOFRE LT, RREBSELEZONS. TO%
&, FARTZI LGS, COBEER-LEEFEV /105
4 FPOBENEL LTRSS D 5.

8h LA 64h £ TOMTY v 4 BS54 DY — MESID
RT3 X0QBD Y 7F ) (—91.1 ppm, —93.2
ppm, —98.7 ppm) i3, W& BV ¥ =TI D, &
WV T FOBEATE S, By STV EI T
BELTEDY /) P54 FOEROEETR SNL .

XRD Tid, 4h 5 8h ORITZ #H OARAHET I N T
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WA, NMR Tl vrA 254 Fee<BALr Iy
T MEZRL, MEETRITAHIENTE LT U
A5, FELZHDTr AL F VRO TEUL, RU
V= PROTABA AV OEE R > TWAE T ERRT D
DTHLH. L, ZHREYD A5, FDOTrABA A
B (Sig0g0 — 1) OELIMWEZ$ERS L7z Gard 517 O
HE—HKTB.

4. B @

HEWE O Ca/SiEVihE, Ve A 154 FPOERMA
BL0.66 & 3 U H B FLA D0.5012 %k L TRBE B 21T
W, Vw4 BS54 FOERGERE % FEIT 2SI NMR W T
By L, FOBRETE-.

(1) KBS, BEOr A BRA AV Dk b3ERE
AV AR (C-S-H) ZAR Lk, ¥V
A5 R A, COBE, HEWED Ca/Si
TIVHICED, BuLRIGERY 5. bbb, Ca/
Si=0.50Ti, C-S-H» 5, Vv 41154 FERMUY—
MEEEEL, BEREBORLAZHEZERLTY v A
SIS O NN 10 [ Ao

fib i, Ca/Si=0.66DHHMKTIL, C-S-HM LV v A
D54 MRS 55, BREEOLETY /) P54 b
iR T (o R

(2) NMR L AMMORBER, Vel 54 FOER
WETHERT A C-S-H L, oA 8hly ™ AKFy
OEFABETRONS SO LI LT, BBED (B A 4
Vit, BLiEgEEEL, V5 / —IICEDL. Ca/Si=0.50
OEE, BOBEEENEEY — MEE~EL, VoA
54 MMEd A5, Ca/Si=0.66Tid, EVBEEE~ZLL
TV AT54 Metsh. DT &M, Ca/Si=0.66TH

BL7Y A B4 b5, RO CERIC
P4 PAEERET AERTHS LEZ LN

(3) ZHR, YrA BS54 FERERHITBE—DY A
WA A OWiE%T & %.
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