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The kinet ics  of s t r u c t u r e  fo rmat ion  and the w a t e r - r e t e n t i o n  abili ty of a cement  pas te  a re  
invest igated by measu r ing  its r e l a x a t i o n - p o l a r i z a t i o n  c h a r a c t e r i s t i c s .  

Moist  bodies containing smal l  pores  a r e  r e l a x a t i o n - p o l a r i z a t i o n  s y s t e m s  as r e g a r d s  the effect  of a 
magnet ic  field [1]. 

In studying the r e l a x a t i o n - p o l a r i z a t i o n  p rope r t i e s  of a c e m e n t - w a t e r  s y s t e m  it is n e c e s s a r y  to take 
account  of the fact  that  during the sol idif icat ion p roce s s  the physical  s ta te  of the s y s t e m  f r o m  an elast ic  
- p l a s t i c - v i s c o u s  cement  pas te  to a solid c rys ta l l ine  body. Accordingly we divide the whole hardening 
p r o c e s s  into two per iods  [2]. The f i r s t ,  or  s t r u c t u r e - f o r m a t i o n  per iod,  begins immedia t e ly  a f te r  the mixing 
of the cement  pas te  and p roceeds  with a p redominance  of coagulation p r o c e s s e s .  It  is cha rac t e r i zed  by 
the gradual  t r a n s f o r m a t i o n  of all  wa t e r  into the bound s ta te .  The second,  or  s t ruc tu re - s t r eng then ing  per iod,  
p roceeds  with a p redominance  of c rys ta l l i za t ion  p r o c e s s e s  in which s t r u c t u r e  s t rengthening occurs  as a 
r e su l t  of an i nc rea se  in the number  of pa r t i c l e s  of colloidal d imensions  of the solid phase  pe r  unit volume.  

To study the re laxat ion  c h a r a c t e r i s t i c s  in the polar iza t ion of the s y s t e m  in a magnet ic  field it was 
n e c e s s a r y  to d e t e r m i n e t h e  kinetics of the change and the absolute magnitude of the specif ic  magnet ic  
suscept ib i l i ty  during these  two c h a r a c t e r i s t i c  s tages  of hardening of the c e m e n t - w a t e r  s y s t e m .  

The :magnetic suscept ib i l i ty  was measu red  on a bal l is t ic  a r r a n g e m e n t  for  de termining  the suscept ib i l i ty  
of weakly magnetic  ma te r i a l s  [4] using a magnet ic  field of 320 Oe in the magnet iz ing solenoid.  

The expe r imen t s  we re  p e r f o r m e d  with cements  of var ious  c h e m i c a l - m i n e r a l o g i c a l  composi t ion 
(Table 1) and industr ial  wa t e r  of fixed composi t ion and t e m p e r a t u r e .  The c e m e n t - w a t e r  s y s t e m  was 
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Fig.  1. Specific magnet ic  suscept ib i l i ty  of cement  pas te  as a func-  
t ion of the t ime  of hardening (h) for :  a) W/C = 1.0 KNC; b) W/C 
= 1.8 KNC. 1) Init ial  values of suscept ib i l i ty ;  2) values of ~t a f te r  
re laxat ion;  b lack points m a r k  the beginning of set t ing according  
to Vicat. 
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Fig .  2. Magnetic l a g K  l, of a cement  pas te  as a function of X. 1) Por t land cement  f r o m  Kr ichevsk  
plant;  2) Por t land cement  f r o m  Volkovisk plant;  3) su l f a t e - r e s i s t an t  cement  f r o m  Sebryakovsk  
plant .  

Fig.  3. Coefficient A as a function of the solidification t ime  (T, h) of a cement  pas te ,  a) W/C 
= 1.8 KNC; b) 1.65 KNC; c) 1.3 KNC; d) 1.0 KNC. 1) Por t land cement  f r o m  Kr ichevsk  plant;  2) 
Port land c e m e n t  f r o m  Volkovisk plant;  3) su l f a t e - r e s i s t an t  cement  f rom Sebryakovsk  plant;  4) 
beginning of set t ing according to Vicar.  

studied for  values of X (X = (W/C)/(KNc) f r o m  0.7 to 2.0 [3]. The spec imens  w e r e  made  and compacted  
in accord  with GOST 310-60. 

The study of the magnet ic  suscept ib i l i ty  of the c e m e n t - w a t e r  s y s t e m  requi red  making c o m p l e t e l y  
identical  spec imens  and pe r fo rming  a la rge  number  of expe r imen t s .  The exper iments  w e r e  repeated  many  
t imes  and the points plotted on the grgphs a re  the ave rages  of a number  of exper iments  under identical 
conditions.  

Graphs were  plotted of the change in specif ic  magnet ic  suscept ib i l i ty  during the hardening p r o c e s s .  
F igure  1 shows that during the f i r s t  s tage of the hardness  of a cement  pas te  a cer ta in  t ime  is requi red  to 
es tab l i sh  the final values of the magnet ic  suscept ib i l i ty  n in the polar iza t ion in a magnetic field.  This 
var ia t ion  of ~r can be explained by the the rmodynamic  theory  of magnet ic  lag. 

When a :material  is p01arized in a :magnetic field its magnet ic  s ta te  is not es tabl ished instantaneously 
but r equ i r e s  a cer ta in  t ime  which is s o m e t i m e s  v e r y  apprec iab le .  The delay in es tabl ishing the magnet ic  
s ta te ,  called the :magnetic lag, depends on the s t ruc tu ra l  f ea tu res  of the sy s t em.  Data in the l i t e r a tu re  
indicates that the phenomenon of magnet ic  lag has been invest igated mainly  for  magnet ica l ly  soft  f e r r o -  
magnet ics  in which the new magnetic s ta te  is es tabl ished in seconds or  f rac t ions  of a second.  

In our exper iments  on magnet ic  lag (magnetic viscosi ty)  the t ime  to es tab l i sh  a new :magnetic s ta te  
is measu red  in minutes ,  and the phenomenon is cal led supe rv i scos i ty .  Superv i scos i ty  is cha r ac t e r i z ed  
by slow re laxat ion p r o c e s s e s  and is commonly  observed  in such complex mul t iphase  s y s t e m s  as cement  
pas te .  

To ra te  the magnitude of the magnet ic  lag we introduce the coefficient  of :magnetic lag Kl: 

Au 

where  ~ '  is t h e  s teady reading of the speci f ic  :magnetic suscept ib i l i ty  and A n  is the inc rease  in su scep -  
t ib i l i ty  with t ime .  

F igure  2 shows A n / n '  as a function of the re la t ive  wa te r  content of the s y s t e m  X; this enables one 
to judge the magnitude of the magnetic lag of the cement  pas te .  

The data show that the phenomenon of magnet ic  lag appears  during the fo rmat ion  of coagulation 
s t ruc tu re  of the cement  pas te .  The m a x i m u m  of the magnetic lag which occurs  for  a cement  paste  of 
normal  cons is tency  (W/C = 1.0 KNC), coincides with the m a x i m u m  of the specif ic  magnet ic  suscept ibi l i ty .  
F o r  W/C = 0.7 KNC and W/C = 1.65 KNC the re  is no magnet ic  lag. 
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TABLE 1. Chemical Composition of Cements 

Cement Si02 

Portland cement from 
Volkovisk plant 25,75 

Portland cement from 
t<tichevsk plant 25,50 

Sulfate-resistant cement 
from Sebryakovsk plant 26,79 

AI~O~ 

5,29 

4,28 

4,56 

Chemical corn )osRion 

Fe20a [ CaO 

4,8 58,86 

5,7 61,15 

4,99 57,22 

Mgo 

2,37 

0,84 

0,82 

SO~ 

2,09 

1,99 

1,52 

L . ~ ,  ILl KNC 
l 

2,25 0,27 

1,64 0,276 

2,52 0,25 

The study of the phenomenon of magnetic lag makes it possible to determine the water - re ta in ing  
ability of a cement paste.  This is one of its mos t  important  charac te r i s t i c s ,  determining the formation 
and subsequent development of the coagulation s t ruc ture  of the cement paste.  

F r o m  Fig.  2 it is seen that for  K 1 = 0, the l i m i t i n g w a t e r - c e m e n t  rat io K L ~ 1.65 KNC which cha rac -  
t e r izes  the wa te r - re ta in ing  ability of the cement  paste, agrees  with the data of I. N. Akhverdov [3]. The 
lower value of wate r - re ta in ing  ability 0.76 KNC can be called the minimum capaci ty  of the cement  KW rain. 
Fo r  W/C = K W rain solvation sheaths are  formed around the cement  grains ,  but these sheaths a re  so thin 
and elastic that there  is a repulsion between individual solvated par t ic les .  When water  is added the thick-  
ness of the water  f i lms is increased,  and at W/C = KMW = 0.876 KNC the prerequis i tes  for the format ion of 
a s t rong coagulation s t ruc tu re  are  established. For  W/C < K w rain the water  in the sys tem is insufficient 
for  the formation of solvation sheaths.  In this case there  is no magnetic lag and the specific magnetic 
susceptibi l i ty readings do not change with t ime.  

It should be noted that during polar izat ion in a magnetic field individual domains of the sys tem are 
instantaneously aligned with the field. For  a cement  paste with KW rain -> W/C _> K L these are  p r imar i ly  
f ree  (unbounded) water  and cement  grains which do not have water sheaths.  In this case the polarization 
occurs  instantaneously and is equal to the magnetization ni l .  The magnetic lag is la rges t  for cement paste 
of normal  consis tency.  This can be explained by the fact that for W/C = 1.0 KNC the sys tem is most tightly 
packed and a long t ime is required to overcome the forces  of interaction between solvated part icles  and to 
establish a new magnetic state in the polarization of the sys tem in a magnetic field. When the water  content 
of the sys tem is increased the coefficient of magnetic lag is decreased  since f ree  water  appears in the 
sys tem.  The phenomenon of magnetic lag is most  interest ing for W/C >_ K L (Fig. lb). In this case the 
solvated par t ic les  of cement  paste are  so far  apart  that they do not interact  with one another.  Since the 
cement grains remain  separated and the suspending medium is viscous the suspension in unstable and 
sedimentation (water separation) occurs ,  charac ter ized  by the t ranspor t  of matter  with a relat ive velocity 
proport ional  to the accelerat ion due to gravi ty .  Therefore  there is no magnetic lag in cement  pastes of 
such composition immediately after  mixing, and the new magnetic state of the sys tem is established in- 
stantaneously.  Only after  the sedimentation processes  have ceased (45 min for a mixture with W/C = 1.65 
KNC and 65 min for  W/C = 1.8 KNC, Fig.  lb) and a sediment has formed in which the par t ic les  can interact  
with one another,  does the phenomenon of magnetic lag appear.  

Magnetic lag is charac te r ized  by the t ime to establish a new magnetic state in the polarization of the 
sys tem in a magnetic field, i . e . ,  by the relaxation t ime Tre 1. Relaxation processes  in a magnetic field 
are  observed during the f i rs t  period of solidification (the s t ruc tu re - fo rmat ion  period) of the cement paste.  
During the s t ruc ture -s t rengthening  stage the sys tem is no longer a r e l axa t ion-po la r i za t ion  sys tem and 
we have to deal with ord inary  polarization (magnetization) in a field. Studies per formed in the la ter  stages 
of solidification (1-28 days) also showed no relaxation phenomena. During the s t ruc tu re - fo rmat ion  stage 
the relaxation t ime for cement pastes of various composit ions varies f rom 0 to 30 rain. Figure 1 shows 
that ~rel dec reases  as the sys tem hardens,  and vanishes at the instant of t ransi t ion f rom the s t ruc tu re -  
formation stage to the s t ruc ture-s t rengthening  stage.  The angle between the axis of absc issas  and the 
s traight  line connecting the initial and steady readings of the specific magnetic susceptibil i ty increases  
and becomes 90~ at the instant of t ransi t ion.  After this there  is a jump in the values of the magnetic 
susceptibil i ty charac te r iz ing  the instant of transit ion to the s t ruc ture-s t rengthening  stage. 

We introduce a coefficient A charac te r iz ing  the kinetics of the relaxation processes  in the sys tem 
and equal to the rat io of the relaxation t ime to the specific magnetic susceptibil i ty (~-rel/~) at the same 
time instant. 
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The dependence of the coefficient  A = T r e l / n  on the t ime  of solidification of a cement  pas te  is shown 
in Fig.  3 fo r  W/C = (1.0-1.8) KNC. It can be se~en that  A inc reases  with W/C.  F o r  a fixed W/C the value 
of ~ r e l / n  d e c r e a s e s  in the solidification p roces s  and vanishes at the instant of t rans i t ion  to the second stage 
of hardening.  

Thus f r o m  the r e l a x a t i o n - p o l a r i z a t i o n  c h a r a c t e r i s t i c s  it is poss ib le  to study the kinetics of s t ruc tu re  
fo rmat ion  of the c e m e n t - w a t e r  s y s t em  and in par t i cu la r  to de te rmine  the duration of the s t r u c t u r e - f o r m a -  
tion period and the instant of t rans i t ion  to the s t ruc tu re - s t r eng then ing  s tage.  Knowledge of the l a t t e r  is 
n e c e s s a r y  in concre te  technology to set  a t ime  l imit  on the use of var ious  externa l  ac t ions  such as forming,  
vibrating,  centr ifuging,  compres s ing ,  impre s s ing  magnetic and e lec t r i c  f ields etc .  which can lower  the 
s t rength  c h a r a c t e r i s t i c s  if p e r f o r m e d  at inopportune t imes .  

Our  exper iments  c o r r o b o r a t e  the views of N. V. Mikhailov [2].on the question of dividing s t ruc tu re  
fo rmat ion  in a c e m e n t - w a t e r  s y s t em  into a fo rmat ion  s tage and a s trengthening s tage .  

During the f i r s t  per iod the cement  pas te  is a r e l a x a t i o n - p o l a r i z a t i o n  s y s t e m  exhibiting a magnet ic  
lag.  The smooth var ia t ion  (Fig.  1) of the s tabi l ized readings of the magnet ic  suscept ib i l i ty  during this 
per iod (curve 2) can apparent ly  be explained by the gradual  t r ans fo rma t ion  of wa t e r  into the bound s ta te  
during the s t r u c t u r e - f o r m a t i o n  s tage .  The binding of wa t e r  ceases  at the beginning of the second s tage of 
hardening (the s t ruc tu re - s t r eng then ing  stage) which is marked  by the p redominance  of c rys ta l l i za t ion  
p r o c e s s e s .  In this per iod,  in con t ras t  with the f i r s t  s tage ,  the sys t em does  not exhibit re laxat ion p rop -  
e r t i e s  during polar iza t ion  in a magnet ic  field.  A t  the instant  tha t  the sy s t em makes  the t rans i t ion  between 
fo rms  of binding m o i s t u r e  to the ma te r i a l ,  the re  is a jump in the s teady values of the :magnetic suscept ib i l i ty  
(Fig.  1). The t rans i t ion  of the s y s t e m  f r o m  the s t ruc tu r e - fo rma t ion  s tage to the s t ruc tu re - s t r eng then ing  
s tage is also fixed by the point of in tersect ion of the curve  for  ~rel/~r = f(T) with the axis of a b s c i s s a s  
(Fig.  3). The la t t e r  is in good ag reemen t  with the data of P. Selwood [5] which show that  the magnetic 
suscept ib i l i ty  of d iamagnet ic  and pa ramagne t i c  ma te r i a l s  can v a r y  rapidly  during phase  t rans i t ions  in the 
sys t em.  

The resu l t s  for  all  cements  and composi t ions  of cement  pas te  studied show that  the instant of t rans i t ion  
of the s y s t e m  f r o m  the s t r u c t u r e - f o r m a t i o n  s tage  to the s t ruc tu re - s t r eng then ing  s tage can be fixed with 
sufficient a ccu racy  by the jump in the specif ic  magnetic suscept ibi l i ty .  It should be noted that our d e t e r -  
mination of this instant does not agree  with the beginning of set t ing as de te rmined  by the Vicar t e s t .  
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re laxa t ion  t ime ;  
magnet ic  field intensity;  
specif ic  magnet ic  suscept ib i l i ty ;  
coefficient  of normal  cons i s tencyof  a cement  paste  (W/C for  a pas te  of s tandard  mobili ty);  
r e l a t ive  wa te r  content of the sys t em;  
max imum wate r  content of the cement ;  
ra t io  of the weight of wa te r  to that of cement ;  
minimum wa te r  content of the cement ;  
l imit ing wa t e r - r e t a i n i ng  abil i ty of a cement  pas te ;  
coefficient  of magnet ic  lag.  
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