5 48 L5 5 ] R R % Vol. 48, No.5
2020 % 5 H JOURNAL OF THE CHINESE CERAMIC SOCIETY May, 2020
http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20200024

G & i

A3 S VR I A bR P B L

ko 2

EED', kg
(1. FERRZELAKFZERE, JE5t 100084; 2. HENEEEL 5K HI R4, b 100831)

B OE: BAE 60 FEHT, R HEiURER T KBRS AR L BRI, AMEAE 60 FERT, 1 H A AR AR BRI R T KYE
SRS ARSCHE I S . (ERIFBCAE R A AMERETT R, H BB E H 35— FURREIRZIBE AR . %R 2 bk 4T
WAL LKA SRR A A B, TR YRR BE 25 BB — S B 2R MRS AR R 8 PO T A i (8]
AR JE AN TE RN T LA AT SO e Lam 40 b BT, DROA LBV, AEZ ALl O LE e B2 A A
1. AR L ) TR YD A, XA R QREEITTTE Ot TR K.

KR KEEEAMEL TR S TR AARRERRES: KT RS i '_ .-1' 350
HESES: MERERD: A XEHRS: 0454-5648(2020)05-0777-10 L
4% HRRATE): 2020-03-10

Clarification of a Hypothesis on ‘Centroplasm of Cement-based Composite’ Proposed by Wu
Zhongwei
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Abstract: A hypothesis on ‘centroplasm of cement-based composite’ was proposed by Wu Zhongwei 60 years ago. Although his
hypothesis is rather advanced, it has not been clarified so far. The innovation of the hypothesis is to break the conventional boundaries
between cement chemistry and concrete chemistry. In his hypothesis, concrete should be regarded as a holistic system with hierarchy
and openness. Effect of interface between centroplasm and matrix is extended to be negative and positive. Pore is considered as a
negative centroplasm although it is “empty”, thus being benefit to some properties of products. In addition, his hypothesis also gives
the corresponding model and some further research aspects.
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bEZ K. ZIEH RET 2 r 55X, 510
<1/, JR o1/, fE—mIEHEN, GhKT o,
I FET: MR NE e RN, SRR )
VAT, A0 05 BEEEE—P RN, RO
T B 0 WIEEE d, FROA van der Waals 1%, 4

MR FAHIER, de=2r.

TRATKIE IR SRR, FF HACR AR 53
A5 T80 . WTRER 1/2~1/3 J& B FEAE R
MR F R R, Wb 2, a2 2 B
Ft, HORIRSNE IR, PR X — 44
), fEXEM NI ARG UTES . il
WR, BEARREE, B, BAREEEY. M
W] AR LU R TR RO, A BT R B B SEAT . KE
F RSB, FLTa B | O k1 TR ER /N T
van der Waals 421, P24y, R[],
JF IR .

X B — TN A 7K Ve AR b %R 1 (1) Bl R T AR
(FE 1).

1 EEREIKRSRRANA RN S FIRlE) b REFR

Table 1 Special surface area of Portland cement gel and various

blending materials
Material Specific area/(mz-kg’l)
Hydrated Portland cement gel 2 000 000
Silica fume 20 000
Czernin’s finely ground quartz sand 2000
Super fine GGBS 600-800
Marketed GGBS 430-450
Unhydrated cement powder 350

R A LK YR B IR /N 3 AN g i v
A SERb Ry 5% H R S R RE AR 2 10 kg BA BT 4,
RITE e — M SR AL RAR I A o K DL —E R B AK
Jela, BRI (8] HAR 2™ A H RS 1) van der
Waals Jj, FUEERARLF SR A il AA . Kb i v]
VE R /KA R 5T, TP RIS R, W]
PRIAN R] LG R T AR P 22 00 55 % EVRIORL IR 43 A1, #BREAE
N R RAEEIE R o it I AR B AR R
BT BT K VeI E ORI EE R AR 2 DL A
LETRPEGN 2 NURL R 5 5 (0 )45 F0kL . TR MIT
IRIE TS AT T A BRI < IX M B AR RE A AT RL R 2 X
TAEAIAE > 7 /KF B8 C-S-H BT, BLAK Ik
AEABEALII . B, RN AR R L. U

MWK 2 WL, A FERR A R MICE van
der Waals J:4%, 48 KZHHAMIL 0.25 nm, WAL
IRIKPR AR R SR T LR TR, BME LL R T
FUEE] 2x10° m¥/kg MIBERRL T (BANRE T RS
100 nm~1 nm %), T K TIXLEITTZEN van der
Waals 42, WAL U, LRI T INFZHR B
AE ) DT REIE B 2 4 41 I RORE A 23 SR N ER D), T A
AR T
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Fz2 FRREEERERA KAYITTE van der Waals 12 r
Table 2 Van der Waals radius of elements deal with silicates r/nm
Researcher Na Mg Al Si S Cl K Ca (0}
Pauling 0.185 0.180 0.140
Bondi 0.227 0.175 0.251 0.210 0.080 0.175 0.227 0.132
Bokii 0.180 0.180
Allinger 0.270 0.243 0.236 0.229 0.215 0.207 0.309 0.281 0.132
Zefirov 0.230 0.200 0.200 0.200 0.180 0.180 0.270 0.240 0.129
Batsanov 0.240 0.220 0.210 0.210 0.180 0.180 0.280 0.240 0.135
Rowland 0.176
Hu et al 0.184 0.200 0.210 0.207 0.182 0.183 0.205 0.221
Chinese 0.140

3.2 FMRSMRICEERZB S

SN H 12 43 50 2 JTURIA T R 1)
K2, DMEAKIEAGEAR D o SR /K K4k
BLEE, ARAK B 1R Ak I8 6 7K S0tk 4 1) ™ 4 (32
BE C3S F CA)BHTHIT, R 24X 1 R L
RS AT AN 2E, T O A ST B A ) — LA
PR S TREHEORIIN . AR, JREE L i as
FAITE SR TR T BT F30 T <68 P B 58 RIS [ AN A
JE IR, AT C-S-H RAARILN M F 0T iX Fhbr L
SO R PR FA A T MRS KAL)
AR R L, BT C-S-H HP[SiOl, &5 H
(conectivity, M4 DU A T &5 45 1) DY THI A4 500 1
WF9T . FEAREE & B BE/K AL RS I G, a5 il ey
R EE A NCH s HLa) BT A OE R, MIT I8
TR O A AT TR A I A7 AT — 2
ARZ AL, T TEAE R F s S A o iR
YA Taylor FIANRI N KL T 5 FLBR R 41 & 5 it +
588 B % ZRAR R P — B TIE

@ Rk MIT JRsE LRt o K e
THAK, <2 o Bt Rk 7 R4 & dee 2R D)
SRR I AR A R AR 3~3.5 nm JHURL AN [F) R 2
RS, DAH B 4255 % (packing density)F1FH 242K KR
RV R & 5 SR AL # (packing fraction)H A7
KA, WL 9 FIE 107, “l B C-S-H HotlE R T
U b R4 7 S5 B LT JC e HE 51, UE B X b
BT LT AR IR S A g by . B i T4
L, W E ORI, C-S-H Wi ARG L. K
TRUMEEFSTRR, AR —MERIE, Thaxm
YR RE BT RS 2R, S8R m. L
IREIZIE AL AR < NS AN I PR sl il 2 p s 4
Ao Tl JIE R T TRt -0 3 (KR YR 2 /K P rh 2
PEAK RSB PO Bt . B [ 9 izt
PR RE. B 10 AREEFRZ 0 HUERCR,

B4 =1 T A20) BT

AR, FORARRUR SR IN I 7 Ul 0. S8
4] 4 {1 HRPORE 8 URE 1 2R B ML SR AR &)
0.64 . W] JHLER A A Bl 2 4y AR IR 1 KM S AR ek
K.
SRVSEIE NIRERIP £ ESUPSE

K19 B2 7 BB 0.47 IAK G5 AN RN X AN TR R
RIS
Fig. 9 A simulated nanostructure with 6=0.47. The color code
highlights the particle sizes
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Fig. 10 Packing fraction ¢po as a function of polydispersity J;
the shaded region was from Refs.
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Fig. 11 Indentation modulus E vs. packing fraction ¢,

@ M Bl BRI B B JE GRS, AR
S.Daimond FHJECK 80 000 1% (414 B 1 B i W
22, KAKIEH IS KR C-S-H JSFZE 100 nm
o g, KR RS S A A R R I
A, R HAHZ ()P AR AR KR 51 g, FEAS AR
S A R ERIUAS [RI A R () ek R A A ke, 4
JSCE A SR AR, XY 2 B2 AR AR /K e R B P
(RN iAo SEA PN S S Jiin TARRINE S
WL SRR SR AR B8 R IR DR 38 IR AR 1) 7K 2K
LE(FL &5 H RS S ) A 0%, FIAN [ RSP R (1 24 e
AK, PR TZAK.

@ LA EarHr, Ab 2% 4 B I g5 8 v E W)
S PE T, MK Ye Ik 526 B RE IR T 45 R it 58K
Ve B ARKAL LB R S0 v 20, T4k 27 4 AT
ARG . M RCRE, MR e R T
0.103 1 nm I, ZICE LGPk ] BA s,
fity 2. B ESEERRMAEY), YR KT 1B
AR RENE . e AT, JFLRRE,
T TC R EANCATE ) BRI I B e T 46 2 BT

N 2 AT, A ER A S R A A T R
JRe Btk (R R, T AT B - 4 AR A T T ) £
ToIBEVE o H S A 1A BRI A AL En i
TIEEAEERRCALZE, FrLh, Be [MERTEELL
WIS BA e, Ca, Sr. Ba MURERREE. HHIREE.
PRIREE  WEMR SR A AR A (e ik . Xl 2
b, X ARLE AT AL A ) T 41 5 7 B
KB RN YIS TR U AU E D ZESEN .
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Table 3 Analysis for possibility of cementitious property
From a chemical point of view

Gpoup Il
Period elements SiO, Al,0, Fe,O3; Cr,03 Mn,O3 GeO, SnO, TiO, P,0;
oxide
A2 BeO o o N A A A A A A
A3 MgO o o o o o A o o o
A4 CaO . . . . . . . . .
B4 ZnO o o o o o AN o o o
AS SrO . . . . . . . . .
BS Cdo o o o o o AN o o o
A6 BaO . ° . . . A . . .

Cementitious: @Certainly yes, oCertainly no A Inferred yes, Alnferred no.
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S—Distance between centroplasms; x,—Distance between centroplasm and

effeciency circles; p—Effeciency; p ~—Effect superposition line.
P12 rho JUROS: 2 DY A
Fig. 12 Forth state of superposition on effeciency of centroplasm

4 iy

1) RAHRAE 60 4 Fi i AR IR K L AYE TV
AR /RPEIE AT SRR O BT BE R B
2) R. Feldman and J. Beaudoinshiyan /]335 45

FFIH. F. W.T aylor 24 s 56 o ds 4 i (1) 7K Y 3
FRAL B - [ A RIORE M 5T 2H Bl - 98 5 00 SR IR AL AR
TEBM Lo rfry B i il T — Pl e AR IIE 5

3) MIT Wk - RFL P rh O 2= 5 AT T IR AR
X 7K A T T VR e e DA S HEAT T A K 1
FOTIE i 0 G i P G R WY iy VA0 S B L e
BRI (AR R 5

4) FeferL IR U, W LU )5 FRHE
TEEARE L TP R o R b2 A et 4 4 v e W
(PRI, AL 4R RS IR AT, IR IR T
MV 0 EE AR 4 A2 8 T LA BE A 1

5) RS AE ML R AR R L Tailor ()45
SRS MIT ¢ T 24 BUOME 9K URL 28 AR A4 15
RIZE R YIRS R 9T ] DB, {H3#0E 75 2k
— RN, KRB ER BTG A k. (R
TG BATRAE B OIS ) FEE ) 8. 74k
SEAF TN ), PR TR RIS, AT
BB EEE T AR SO A AR

SE 3k

(11 Repfh. wet. B3, ShYikie ity —J LN —4FRKie s
AREBAESCEC]. bat: P EREE I TRRRIAHAR)R, 1961.

[2] MASOERO E, DEL GADO E, PELLENQ R J M, et al. Nanostructure
and nanomechanics of cement: polydisperse colloidal packing[J]. Physl
Rev Lett, 2012, 12. https://doi: 10.1103/PhysRevLett.109.155503.

[3] TAYLOR HF W. 3¢ 227K IE R BHEDLC]. dbxt, 1980.

[4] AL Zifife Ml JEat ANRIE Hifiit, 1957,

[5] SRt . KV 3k 52 b ORE A ST ) D). DU A 2 B A AR,
1982(2). https:// CNKI:SUN:WHGY.0.1982-02-002.

[6] Srhff. TR LAl E— PR M2k 5 Z R [T]. TRRE T A g
HKIFE, 1980(4). htps://doi: CNKI:SUN:HLTF.0.1980-04-000.

[7] FELDMAN R, BEAUDOIN J. Microstructure and strength of hydrated
cement[J]. Cem Concr Res, 1976, 6. https://doi: 10.1016/0008-
8846(76)90102-2.

[8] TAYLOR H F W. Discussion of paper“microstructure and strength of
Hydrated Cement” by R.Feldman and J.Beaudoin[J]. Cem Concr Res,
1977(7). https://doi: 10.1016/0008-8846(76)90102-2.

[9] FIP and CEB. State of the Arts Report on High Strength Concrete.
1990. 363 Committee, ACI 360 R-92

[10] POWERS T C. Physical Properties of Cement Paste[C]//Proceedings of
the 4th International Symposium on the Chemistry of Cement.,
Washington, 1960. National Bureau of Standards Monograph
43-volume, 1962.

[11] DENISE Brehm. MIT research update: E.Masoero, E.Del Gado,
R.J.-M.Pellenq, C-S-H Particle Size in Cement—Size Diversity in
Cement Nanoparticles Optimizes packing density to give concrete its
strength[R]. MIT news Nov, 8, 2012. MIT Department of Civil and
Environmental Engineering. http//cee.mit.edu. November 2012.
http://web.mit.edu/newsoffice/2012/size-diversity-in-cement-nanoparti
cles-optimizes-pack-ing-density-to-give-concrete-its-strength.html.

[12] Sideny Diamond, Hydraulic Cement Pastes: Their Structure and
Properties[C]//Proceedings of a Conference held at University of
Shffield 8-9 April, 1979.

[13] BEEE. RRGEBIE—RMCSCEIM]. Jbat: b b R,
2015.

[14] )KYPABJIEB B @. JZHEAIALAEIM]. BICA, mbifl, B4, 2
HEEE AR TR R AL, 1957: 194,



