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(20144 7 H 28 HYLE; 2014 4 10 A 13 HURFMEEH )

M P F U (quasi-elastic neutron scattering, QENS) SZI8 2 i 78 K Y8 & AL it 72 Hh /K sh & 1 — R
FU) SEI 725 A SCR H B TE] 23 7008 7, 14 81 30 d /KYERE S I QENS 15 S2 30 $ s, it 52 A DA s i I i
FIRIRe R D FFRE R(Q, B) & — N m Wi H fe & 0 FF R R st 2504 HUR A (empirical diffusion model,
EDM), F i ATAEE M i/ TR0 A BT H K VRFE S K ZD S A S B S 40 A KECE S A, B HK
TR FWI = B1/(A+ B1+B2), B0 REI w58 I, %3 KBkER 6] 1)~ 3945 BN A) 7o S B3 HR 2
Dy, 1 H I 43 B AR HERT QENS 1404 i 2. G153 2B S 40n] i E A K I 2T 2 K& T #2,
TN QENS S238 7E 7K e 2 A 72 s oK Sh AR 700 B 2 it — P 31 S I 1S A 7 v

KR MESE P T EOE, SIy B, B

PACS: 61.05.fg, 64.70.qj, 66.30.j]

1 5 7

IKPETCAEAE, FFRATH & A0 o e B2 (1)
— P AR (1 3 e R /K R (B3R 22 KR,
OPCQC) s — M FH IR /K e, 1R =45 (CasSiOs)
Fe KV I B RGE 7r, KIEHITERES CasSiOs 1
KA B A IR SR A A G 1 )RR R /K R 7K
G N R R R AR, RN &R LAY E
2 R B, BEE KA A BER N, B 2K e 2 5E
4, Bk T AW A O KBRS S EEAY)
NS R 7K 43 F.CasgSiOs 5 7K [ B ) 7K A 3 72 1
Pl RoR Pl
Ca3SiOs5 + (3 +y — 2)H20
5 (Ca0), (Si02)(H,0),
+ (3 — x)Ca(OH),, (1)

Horpr o R A RERRES (C-S-H) W 5 L L, y 2
B 45 Ky R B T AN B K 7 S, 2 A

T #EME#H. BE-mail: tlihua@jnu.edu.cn
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y IX PN R B A KT R b K 5 K e B 2 22
A B 8] FR AN 5D 1 AR Ak 1P1 )R v o T
(QENS) =258 %t 7K Y i 22 Ak i R 47 il A EE DA
HOAST FH R SR8 J7 325, 3R AR 00 8 AR B Wk
W7 R BIK AN ANB K Eh A L. i Bl
FE AP 2 o WK e 2 A AT (6,

KRBT, XK PR RE i QENS 3% (1120 #r, A1
K45 ok 2 (EDM) #E 4T 2 41, i R
T & TR (RCM) #EAT 20 #r, DA SR FH kRS
BRI ) B 2 (jump-diffusion and rotation-
diffusion model) #AT 73 #r. AL A H QENS 1 73 #r
KV ISR F KBNS, B T-15 20 1 R 22 K e
1) QENS 1% s 56 24, 12 H o & 50 4 B 2,
XF K YEFE b QENS 1% H 45 BE AT JE S e /> — el
B, 13 B R 7K e 22 A FE K B 2 1A 5
i, N QENS SEEE /K Z I B2 TR oK S A B 7T
FHOC R, 2 it & 2R 52 H 3 23 b 7 .
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ES K x5 R W 570 Bt (National
Institute of Standards and Technology, NIST)
- B 5% A 0 (NIST Center for Neutron Re-
search, NCNR) [ 53 & 15 BUN A (the high-flux
backscattering spectrometer, HFBS) 7] & 32 fit Ak
BOHEMT 1 eV, &b 7l & L 58 5h 0 H]
Y0 [ 8y 5 I HE v 50 e AR S . SR I B
QENS iR & 73 #1508 0.9 peV, #UH T 1IRER )
AVEEN £17 peV, AHRLR A N R Y5 /2 100 ps
% 4 ns, QENS % 546 KoHs t1 16 /BRI 25 I 5, X
JRE 16 ™ 8 00 45 IR % B Q B HUE O 0.25—1.75
A=t szt v 4 F AR B4R M 29 mum [R5 il [ B A
A g, B EERLR B KRR (A3 g) B A
TERIR N REAA T 7, 14 F130 K (d), W EFE B
Rp 22KV il e OB A, R KRR by R BB AE
—EmEE, BRI LESN, ETRANET
A, DU G AE DB o R rhORE S N K A R B
.

R T AR 61 QENS 1 52 56
A8 (0 7K U8 B il X 48 52 6 A B NIST NCNR
QENS sS55Il &3 21).

R 1 QENS HESIGHRE 17K IR i

LEELY i IKIRHE Z Ak A /d
Al BRI sp 30
A2 EN I sp 14
A3 BN sp 7
B1 ANE T 30
B2 ANE B IR 14
B3 AN IR 7

3 By s
3.1 RN ERE

IKPERE i QENS W/ M 2 Ffsi A 191 A 3=
B QENS W43 M (2 06 Eiop 28 10=140 K g
FEf KBNS T AR OB A 45 LUK 75—
SE I R L, KV RE S R AETE P KKy 7, —2K
RHEE N ANG EEA DR ARSNK (545
47K), BIFERE B HE5 N 0.9 peV [ QENS 1 71 12
IR RUR 5 53— FRAL T K VR RE & A L

H (2 PROK, BUIZRE-T- #1288 7K 70 1) ALK T (58
MK, BRI BUs K7 1) AT 8K o1,
XK 7> TAERER 7T HEE N 0.9 peV i QENS il i
R T PR HICH T P T AR 2

MRYE 230 WU, K Ve RE i ) QENS W 7] 73
N TR AR 2L T AN 23, i QENS SERHNAS
AN I A RS/ Y & ST A N R D=L O i R
RYJE BN 5 3 N

Sine(Q. E) = {A5<E =0+5 {n(rim} }
® R(Q, E), 2)

HH, Sine(Q, E) & JEAHT-HUR 58, Q 72 HUH &
&, ERHE TR FIrR R, I RIE0 %R Em
YT, R(Q,F) e nwt, AM Bk
AR GBIK B E. REZEY B R &
Jr IGURT I A 24 T A58 43 e 8 TR 4 1) 73 Bt QENS
i ARAE 2 B adk R R AR 24 R R B /N T,
I 7~ 28 = MoK BIAELE, BISRSZ IROK. g dux A
], SR FH AN AR 2 pR B A B — IR AR 28 R 3
T UGHEAT A, 15 U - aR N
Iy
Sinc(Q, E) :{A(S(E =0)+ B [W]
Iy

+ B )

® R(Q, E). 3)
5 NIBAC ZZ R B R 1) 2 32 BROK &R 73 (G 2P
I sh K53 1), 5 =N 2% R B AR SR 1 2 5
ZRRIKES 73 (RS Eus sk 7).

3.2 ARG AMER

FE MR F &85 BUs A (2) #1(3) 2, B
BOPRERQ, E) £ A s i 0 A SO QENS
AT, BT QENS SEEGE R AR B A X AR, —
AN e T B 520 R BOGVE IR BEAE XS FR P, BT EA
3 FH DO A i 30 00 R ) e B o R B B — A e
1T TR fe 20 % R A DY A v AT TP RN D A )
L [15—17]

4 2
RQE =3 e | - o @
KNP EFy, 04, By (=1, 2,3, 4) 12035 % (4)
ARNE] (2) A1 (3) ALY HOBE R | 1592 S0 1)
L2k G it
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4 QENS# o #r4E R
4.1 QENS iE#EALIE

X BRAT IR 22 7K Ve A i 1) QENSS 1 £t it
TRVE T, S RE R B AT AT — 1R Ab L, A
A3 2 — )5 B35 3R Sinc (Q, E), FHI FH Btk
i P B R (2) 20, XK IR FE L 1 QENS i %
PEREAT AR Lt N oA, 193] A, B, T F,,
i, B (i=1,2,3, 4) 157025

"RBANSHE, B, 0, F; (=1, 2, 3,
4) X 12 ZHARN B DY A e 257 150 ) 40 ) e 70 7%
BRI (4) 20, B UGS B BE AR 6 S R A [R] )
QEMREENHR B R(Q, E), H1#-A7 T KL &t
— Bt EATH.

BT SO 25 3 B R (2) M (3) A, 2
PR K B> A R AR A, BT CLZE R (3) 24 2E 3 4
P Sine(Q, B) B, v (2) NGRS B, T
N 3) XA By ATy, SRR R AE TR BE R
SR R(Q, E), =BG AWM By, I'y =%
£, LIS A WA X A 25 R R, [F B 98
Dt

% SRR 38 37K O 1 MR YT Hiig 3K
AT RIEAERE, rES Singwi YA Sjolander
AL R R DSl {48 20 R Bk 98 T(Q) S U
K QHEMFRAN

D Q?
Q)= —— )
@ = 15 p oz (5)
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g 06F 5 _0.0020
=
@ 04}
o
% 0.2}

0 B
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E/peV

1.0
T oosh (O A3 o Wl
> o =0.012 RCM
£ 0.6 --. ENS
= eme QENS
& 0.4
o
;/0.2

0
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E/peV

X Dy KT ET R, 70 2723 KBk ER
V) [T R 2 s 1) 1200, 5 (2) A (3) 2N A 15
1)y A0y PR 2 AR N R (5) S, kAT HELR
PEf/N AU A, T or AR AR R K 7 TR AT
BURE Doy M Dyo, VAR BNKBRER 2 0] 1) F 3545
%’Eﬂ‘rﬁ] To1 *D T02-

K St A 50 BOR A, it 7, 14130
d EA IR R 22K Ve FE i B QENS 3 245 3017 A 4k
BN IR, 1535 QENS B BE 7 AR L
FIFLA 2k (B 1. B 2), AR g R A KR E
it R K I Bh A A K S5 (K3 . B4R
El5).

4.2 QENSIENIRER

Bl 7T Q =0.99 A1, Z4imtiE 7 di
PR 22 K YR RE S QEN'S 3% Bt K H: g AR 7Y
PLA L, Hd ) (a), (o) &I sp EET, (b),
(d) —AEIINFRE . /T E S, SOt any
B 2R 0L 45 2 1) b T BUR 3R Sine (Q, B) 5 58
BB MHAREN SRR (B 1 (a), (b)), Kt
W399 0.0020 A110.0021; 17 5% FH it 5 1A 7y
(RCM) 81 & 75 2 (1 QENS ¥ PU(E 1 (c), (d)) 1Y
GiitiR 2243 99 0.012 A10.016. HIb ] &1, SR ik
B AR B R L& SOR S i, KR ZE
il RCM ALK 1/6 F11/8.

M2 0] W, 7B ) QEN'S 385 & T8 4507
Hi gy Hisk, B QENST A QENS2 43 5l % 75 %2 R
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~osl (b) ~ o HTil

: — EDM
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Q 04f ]
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2067 5=0.016 --- ENS
Q 04 - QENS
e
= 0.2

0
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E/peV

B1 (MTE6) Q=099 A1 SRR 7 d MBR2KERER 1 QENS B (a), (c) AEEINF sp (IR
i (b), (d) AAREEHIFEIFES; (a), (b) N QENS # SLI{E K H Sl M 250y B M S AR £ 8, (c), (d)

 QENS 5208 11 J% £ RCM B EIfL275 31 11 th 28 p [21]
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&3 (a) BehrZKIRRE SIS K EUEE; (b) H H/KIR%

K (GEFE PRI 3K o 1) FEEZBRK (J&EY oz
K53 F) I QENS #E & 58, e A3 m /K Ve A it
gL RN LR T A% Bl 7K 43 1 &R 1 X6 BT N5
rh R A L e e 2 AT A, QENST
T J2 55 AN QENS2 1 Jie i [ 2 A0 i [H) A 38 o vy BH 5
/IS, 3X 3 B K YR E it B 22 A B TR) R8G5 22 1
B A B K.

IKVEFE i (1) QENS 185 v] 43 fiff Ay 151 7 43 A1 A1 i
W26 o AT, X AERE S R R B K 1) B g aT DL dE i
— AN HokE X, B E BKIERFWI =
B1/(A+ B1+Bs), BIAFIKIEH BWI = 1 - FWL
BEZ AL R e, @ I FWI A5k, KYEZ
I AR K PR AS B TT DAE S HRf e

SR B & 569 #os 8 (2)—(4) 5K, #i
HGRBIZHAYE By, By, #IMAB FWIL E 3%

T KPEAE S TE AR (8] 20 53 2 7, 14 F130 d A
BKECE B e H KRB AT LA Y FWI I EUE
538 % R 22 o8 1 2 #G2 (LT-DSC) 1 I 2 45
RPRUFA.

M 3 AT 2, Bl A TA] R 3N, B 22 K
e RE S I B KR B FWI R/ (3 (b)), &
BF 7K R A b Sl L A 3 K I Bl B LE AN Wik /s (B2
Ko F AR B F); M &L 1R
R, AT DVE A W, BalKEEA N AN K ) 2
AR 1] (3G I kIS, T LA = AN B 18] 857 1 e
LRI KNI BN sp FIRE R
AL T 5], F B BN sp 7K AR S 2 AL 72
BN A R B, MERANE K EE B (3 () AT
B AL,

Blags T et &5y sost 8 (3)
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Spectral analysis of water dynamics in cement paste by
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Abstract

Quasi-elastic neutron scattering (QENS) is a novel experimental technique for studying the translational dynamics
of water in cement paste. In our work, the improved empirical diffusion model has been used to the nonlinear least
square fit of the QENS experimental data of cement samples cured for 7, 14 and 30 days, where an energy resolution
function R(Q, F) of four Gaussian terms instead of one Gaussian term is utilized during the fitting process. Parameters
of the translational dynamics of water in cement paste have been deduced: the number density of immobile water A, the
free water index FWI = B, /(A + B1+B3), the full width half maximum of Lorentzian function I', the average residence
time 7o between jumps and the self-diffusion coefficient D; of mobile water. Fitted QENS spectra are more accurate and
the dynamics of water in cement paste can be quantitatively explained with these deduced parameters.All this provides

a practical and useful method for spectral analysis of QENS on translational dynamics of water in cement.
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