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It gave me great plea ure to read the article by Wild 
et af. and it aroused myoid intere t in the tructural 
habit of the hydration pr ce . The pre ent work ha 
been de ignated a di eu ion, ince it eem relevant to 
an under tanding of the structure experienced in the 
work of Wild et of., but it i more like a note, giving 
the Author the opportunity to air hi s personal iew 
concerning the truetural growth habit connected with 
cement hydration a nd ilicate garden . 

Ea rl y re earcher in the fie ld of hydration ugge ted 
that colloida l particle of a mall ize were the building 
tone of hydration products, but the tructural way in 

which they adhere together has only become clearer in 
the la t decade. To my mind , one of the more intere t­
ing new di coverie within cement chemi try wa the 
re ult of work by author uch a Double et al. and 
Birchal et al., I.2 who pointed to the pecial tructural 
habit connected wi th ' ilicate garden ' growth. The 
growth of ilicate garden on th micro copic ca lc, 
which may be experienced by anybody po e ing an 
optical micro cope, is a pectacular ight which give 
an in ight into the mechani m of growth of tructure 
connected with sol id- ta te reaction of ilicate . 

The tendency to form mall globular particle ' a a 
result of mee ting with water i a characteri tic of 
a wide range of ilica or alumina-bearing hydraulic 
material . The tendency of the e particle to adhere 
together in the form of ' two-dimen ional' element 
(like heets), envelopes around larger particle and 
tubular fibril, re ults from favou ring growth po i­
tion at the edge of growing tructures, a oppo ed to 
adhesion at the plane.3 

The tendency to fo rm two-dimen ional tructure i 
again the rea on for the ability to eparate two opp -
ing chemical domains . In ilica te garden the e two 
domains are the inner a nd outer liquid eparated by 
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the en eloping membrane. The two domain , if mixed 
together by agitation, would re ult in the familiar 
random pattern of precipitdted pa ni Ie in aqueou 
u pen ion . The fact that envelope are built from 

two-dimen ionally adhering particle , prohibit uch a 
'fi rst principle' chemical reaction, and i the key to 
under tanding the dis ipative structure connected 
with certain hydration mechani m .4 

When osmosis come into play, the pectacular per­
formance of tructure-forming can take place. The 
route taken by the sy tern, build ing up pre ure due to 
osmo is, depend e pecially on the size of particle 
in the membrane. Small particle give rise to trong 
envelope oppo ing the pre ure build-up for a certain 
time. until ome peculiar mechanism initiate bursting 
at point ,leading to the fibrillar growth habit (Fig. I) . 

Fig . I. Silicate garden een under the micro cope, by 
immerSing a rnall crystal 0/ dried ferrous ulphate 
ht'prahydrare ill 20wt% sodium silicate solution ( ;0]/ 

a1 0 = 3): the cry tal appears as the dark phere from 
which the fibrils grail' 
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Pig . 2. S econdary fihrillar grtm'(h , (/ 11 '(/)' from (he crys(al 
(saine composition as Fig . I ) 

Wea ker membrane, composed of larger parti Ie ' , 
give way more easily a nd enlarge the membrane in a 
gradual way, retaining the spherical shape of the start­
ing 0 motic clemen!. In between these extremes, 
tructure of a ton ishing shape may be een (Fig 2 

and 3) , 
In ilicate garden experiment under the micro-

scopes the fibri ll a r habit em to dominate at the 
tar!, when the largest dilTerence 0 cur in the chemi­

ca l com po ition between inner and outer liquid; th is 
results in precipitation of the mallest pa rti cles. At a 
later stage larger tubu lar form, limited in number, 
begin their lower extension into the outer liquid. 
The e tubes may be 0 large in the case of si licate 
gardens tha t they ac tually u e the upper and lower 
gla wall a c nfinemen t of the treaming inner 
liquid , together with wall consisti ng of the large pre­
cipita ted particles, 

Owing to the weakened 0 motic drive a t this tage, 
a nd the large izc of the particle, thi i the right time 
to tud y the mechani m of tubular growth in detail 
(Fig. 4). The two liq uid meet a t the tip o f the tube, 
resulting in a c loud of precipi tatcd particles in the 

Fig. 3. Coarse colloidal pre('ipi((l(ion around a ferrous 
sulphtlfe hep(ahydrtlfe crys(al in IOw(% sodium sili(,a (e 
sO/II(ion . giving rise to a 't/uck:foo( ' pa((em 
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Fig. 4. Coarse colloidal precipi(a(io/l with growth of large 
(lIhul ': ferrolls slIlpha(e heprahytira(e in 511'(% , odiulII 
silica(e sollllion 

form of a half- phere. Pa rticles are of the Brownian 
ize and can be seen to exhibit cha racteristic motion, 

in addition to following the macroscopic movement of 
the advancing cloud . Panicles at the 'north pole' will 
a t ome later tage find themselve at the 'equator' , 
and now comes the time to decide whether to contri­
bute to the wall-bu ilding or to leave a independent 
particle randomly traversing the ocean . Wh~(her to 
ti k or to leave depends on how near the particle get 

to the tube wall. The particle - sticking are een at the 
last stage to be d ragged toward the wall. and once 
captured they irreversibly become member of the 
wall -builder . The particle , not near enough to the 
drag from the wall-end are left behind to join later the 
random 'glue-builder' which probab ly contribu te the 
greate t portion of strength , in the context of cement 
hydration , 

In thi picture there is no conceptual difference in 
topoehemical growt h a nd ' through-solution precipi­
tation'. Some particle (maybe even the majority) are 
simply et free from the slalu na cendi and coagulate 
a t o ther places, depending o n where they a re taken by 
the random Brown ia n motion. 

That abundancies o f particle are e t free i obviou 
from the beautiful tree-like pattern of co lloida l par­
ticles adheri ng to the cover gla e, The structu ral 
habit of the e coagulated precipitation is again proof 
of the preferenti a l sites o f ad herence when the e par­
ticles come together. 

In one case the cry ta lli za tion of a tree- like mor, 
phology wa observed . The tree wa amorphous from 
the beginning, as een between cro ed nicol . At a 
certa in point the tree bega n to tran mit light , as a 
re ult of incipient crystallization. The border between 
the amorphous a nd cry ta \line area moved teadit y 
ahead, and at the end the tree was completely ordered 
into one cry tal. One amorphous particle a fter the 
other must have been pulled and re ha ped so a to 
take part in the o rderly pa ttern at molecular level 
ca lied a crystal. 

In my early days of physical chemist ry I worked 
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with people on liquid model . I remember one saying 
')fyour model eems to work with water, forget about 
it. 0 model will ever picturc the amazing capability 
of liquid water in forming liquid tructures at the 
molecular level!' 

Likewi e I ay 'If a theory trie to give a deta iled 
account of what i oing on during hydration a t 
the colloidal level, forget about it. The structural 
behaviour of hydration is much too complicated for a 
model to be able to accou nt for in detail!' 
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Reply by the author 
[ read the discus ion contribution by Knud en 

towards our paper with great intere l. The analogy 
with ilicate garden ' is a very u'ful one in illu trating 
in a very elegant manner the way in which emi­
permeable membranes develop and initiate osmo is, 
and the nature of the structures which develop. AI 0, 

the va luable ea rl y contribution by people uch a 
Double and Birchall arc often neglected by curren t 
workers in the field . 

The ob ervation by Knudsen that fine colloidal 
particles give rise to strong envelopes and that coarser 
colloida l particle produce weaker envelopes tend to 
be borne out by sub equent work carried out by 
myself. I That paper deal with the influence of gypsum 
on the micro tructural development a nd expan ion of 
cured PFA- lime mixe . 

[n that work we observed that the addition of cal­
cium sulphate tended to promote membrane forma­
tion,o motic swell ing and expan ion. The amount of 
expan ion increa ed with an increa e in gyp um con­
tent, up to a maximum value and then declined . In 
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Fig. 5. TEM microKraph ~r 'he reaction product from a 
PFA - 10II·t% lime- 411·t% KJpSlI1II specimen curedfor 1 
hours at 90 C in 100% relatil'(' humidity 

add ition the amount of colloidal gel relative to fibrou 
gel al 0 increa 'ed, and at high gyp um contents the 
ize of the colloidal particle increased. 

AI ·o . we frequently ob erved tubular tructures 
characteri tic of those referred to by Knudsen as being 
typica l of an 0 mOlic proce . The TEM micrograph 
in Fig. 5 below show uch tubes in the reaction pro­
duct from a PFA- (20wt% lime)- (4wt% gypsum) 
pecimen cured for I hour at 90°C in 100% relative 

humidity . 
Although our work po itively confirm that the 

pre ence of calcium ulphalc in uch y lem promotes 
membrane development and the formation of globular 
colloidal particle. it doe not explain the cherni try of 
this proce and why it occur. Po ibly the final tale­
ment of Knudsen' discussion contribu tion should 
deter u from a king thi que tion . 
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