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Influence of wet activation of used inorganic 
binder on cyclically refreshed water glass 
moulding sands hardened by microwaves

* M a t eu s z S t a c h ow i c z
Male, born in 1982, Ph.D. Eng. Manager of Molding Sands Research 
Laboratory in Wrocław University of Technology. His research activities are 
focused on foundry moulding and core sands, die casting process, drying 
equipment and microwave heating applications in the foundry industry.

E-mail: Mateusz.Stachowicz@pwr.edu.pl

R ec ei ved :  2015 - 12- 05 ;  A c c ep t ed :  2016- 08 - 11

*Mateusz Stachowicz and Kazimierz Granat
Department of Foundry, Plastics and Automation, Wrocław University of Technology, Wybrzeże Wyspiańskiego 25, 50-370 Wrocław, Poland

S  odi um  si l i c at e ( i . e.  w at er- g l ass) ,  an i norg ani c  b i nder 
ap p l i ed i n f oundry i ndust ry,  i s c h arac t eri sed b y l ow  

c ost  and l ow  h arm f ul ness.  H ow ever,  i t  h as c onsi derab l e 
di sadvant ag es suc h  as p oor k noc k i ng - out  p rop ert i es [ 1 ] ,  
t oug h  c ast i ng  c l eani ng  w i t h  used m oul di ng  sand and 
difficult waste sand reclamation. 

It is hard to find examples in literature concerning the 
ef f ec t i ve rec l am at i on of  w at er- g l ass m oul di ng  sands,  
w h i c h  c an ac t i vat e t h e w ast e b i nder and rest ore t h ei r 

Abstract: The paper presents the research results of using an innovative method to reclaim the waste moulding 
sands containing water glass. Two of the examined processes are connected with “dry” or “wet” activation of 
inorganic binder in waste moulding sand mixtures physically hardened by microwave radiation. The sand mixtures 
consisting of high-silica sand and water-glass with average molar module 2.5, were subjected to the following 
cyclical process: mixing the components, compacting, microwave heating, cooling-down, thermally loading the 
mould to 800 °C, cooling-down to ambient temperature, and knocking-out. After being knocked-out, the waste 
moulding sands were subjected to either dry or wet activation of the binder. To activate thermally treated inorganic 
binder, each of the examined processes employed the surface phenomenon usually associated to mechanical 
reclamation. The study also covered possible use of some elements of wet reclamation to rehydrate waste 
binder. To evaluate the effectiveness of the two proposed methods of waste binder activation, selected strength 
and technological parameters were measured. After each subsequent processing cycle, the permeability, tensile 
strength and bending strength were determined. In addition, the surface of activated sand grains was examined 
with a scanning electron microscope. Analysis of the results indicates that it is possible to re-activate the used 
binder such as sodium silicate, and to stabilize the strength parameters in both activation processes. Permeability 
of the refreshed moulding sands strongly depends on the surface condition of high-silica grains. The wet activation 
process by wetting and buffering knocked-out moulding sands in closed humid environment makes it possible to 
reduce the content of refreshing additive in water-glass. The moulding sands cyclically prepared in both processes 
do not require the addition of fresh high-silica sand. The relatively high quality achieved in the refreshed moulding 
sands allows them to be reused for manufacture of next moulds. Thus, the two proposed methods for cyclically 
processing used moulding sands containing sodium silicate, subject to microwave hardening, are suitable for 
economic and ecological circulation moulding mixtures.
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initial bonding properties. One example of refreshing by 
c ool i ng  and m oi st eni ng  ap p ears t o b e a p rop er p roc ess 
f or g reen m oul di ng  sands [ 2 ] .  T h e rep ort ed ref resh ab l e 
moulding sand mixtures other than green moulding 
sands are t h ose c ont ai ni ng  a p ol ym eri c  b i nder suc h  as 
B i oC o2  

[ 3 ] .  I n t h e c ase of  m i c row ave h ardeni ng ,  i t  w as 
p ossi b l e t o rest ore t h e i ni t i al  b ondi ng  p rop ert i es p ri or 
t o t h e c ross- l i nk i ng  p roc ess.  R ec l am at i on of  t h e B i oC o2  
b i nder w as p erf orm ed b y c om p l em ent i ng  c om p osi t i on of  
the moulding mixture with proper amount of refreshing 
w at er.  L i t erat ure dat a ab out  rec l am at i on of  b ondi ng  
m at eri al s l i k e sodi um  si l i c at e are h ardl y avai l ab l e.  A n 
exception is the Ref. [4, 5], where preliminary research 
resul t s w ere p resent ed on t h e p ossi b i l i t y t o rec l ai m  
i norg ani c  b i nder i n w ast e m oul di ng  sands c ont ai ni ng  
sodi um  si l i c at e,  m i c row ave h ardened or t radi t i onal l y 
dri ed [ 6 ] .  T h e ref resh i ng  p roc ess w as c arri ed out  i n t h e 
chamber of a laboratory roll mixer. Mixing and crushing 
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resul t  i n t h e sec ondary h ydrat i on of  t h e b i nder.  T o m ai nt ai n 
and st ab i l i z e t h e m ec h ani c al  and t ec h nol og i c al  p aram et ers,  i t  
ap p ears nec essary t o add sm al l  am ount s of  f resh  c om p onent s of  
the moulding mixture, including the binder. Introducing specific 
refreshing additives enabled starting the so-far unexplained 
m ec h ani sm s t o ac t i vat e t h e f i l m  of  t h erm al l y t reat ed b i nder,  
c overi ng  t h e surf ac es of  h i g h - si l i c a g rai ns.  

T h e m os t  u p - t o - da t e and t e c h no l o g i c a l l y advan c ed 
desc ri p t i ons c onc erni ng  ut i l i si ng  t h e sec ondary h ydrat i on of  
w at er- g l ass c an b e f ound i n p at ent s and p at ent  ap p l i c at i ons.  
T h e m ost  of t en desc ri b ed m et h ods i nc l ude t h e w et  rec l am at i on 
of  h i g h - si l i c a b ase sand b y sec ondary h ydrat i on of  c h em i c al l y 
hardened inorganic binders. An example is given in one patent 
ap p l i c at i on [ 7 ]  w h ere used m oul di ng  sand c ont ai ni ng  w at er- g l ass,  
di si nt egr at ed i n a vi br at i ng  m i l l ,  i s rec l ai m ed by  ri nsi ng  w i t h  
w at er at  9 0  ° C .  T h e p rel i m i nari l y c l eaned b ase sand i s sub j ec t ed 
t o i nt ensi ve st i rri ng  i n w at er.  A not h er p at ent  ap p l i c at i on [ 8 ]  

i ndi c at es t h at  sec ondary h ydrat i on c an b e al so af f ec t ed,  ap art  
from intensive wetting, by keeping the moulding mixture in a 
c ont ai ner at  a h i g h er p ressure and t h e c l eani ng  of  t h e sand i s 
p erf orm ed b y p urg i ng  i t  w i t h  overh eat ed w at er st eam ,  l i k e i n t h e 
ap p l i c at i on i n R ef .  [ 9 ] .  Ot h er p at ent  ap p l i c at i ons [ 1 0 , 1 1 ]  desc ri b ed 
the processes where used moulding mixture is subjected to dry 
and/or wet reclamation in special buffer tanks [ 1 2 , 1 3 ]  desi g ned f or 
rem ovi ng  t h e reac t ed b i nder.

T h e l at est  devel op m ent  of  t ec h nol og y of  m oul di ng  sands 
c ont ai ni ng  w at er- g l ass i s m ai nl y f oc used on m anuf ac t ure 
of  i nnovat i ve and ec onom i c al  rec l am at i on ap p l i anc es and 
on det er m i n i n g  p aram e t ers of  t h e m e t h ods g uarant eei ng  
effective separation of the film of physically and chemically 
h ardened,  overh eat ed b ondi ng  m at eri al s p resent  on surf ac es 
of  b ase g rai ns [14, 15, 16, 17] .  Ot h er st udi es on m oul di ng  sands 
c ont ai ni ng  w at er- g l ass are f oc used on i m p rovi ng  t h ei r k noc k i ng -
out  p rop ert i es.  A m ong  t h em ,  usi ng  sp ec i al  addi t i ves [ 1 8 ]  or 
limiting binder volume in the moulding mixture was mentioned, 
sup p ort ed b y an advanc ed h ardeni ng  p roc ess [ 1 9 ,  2 0 ,  2 1 ] .  T h e m odern 
w ay of  m anuf ac t uri ng  c ast i ng  m oul ds and c ores of  m oul di ng  
sands c ont ai ni ng  w at er- g l ass,  w h i c h  em p l oys h ardeni ng  b y 
ec onom i c al  and ec o- f ri endl y m i c row ave h eat i ng ,  m ay c h ang e 
t h e c urrent  c l assi f i c at i on of  t h e b i nder.  B ased on p revi ous 
researc h ,  t h e h ardeni ng  b y m i c row ave h eat i ng  m ak es i t  p ossi b l e 
t o ob t ai n very g ood m ec h ani c al  and t ec h nol og i c al  p aram et ers of  
moulding mixtures, with very limited content of water-glass to 
only 1.5% [ 2 2 ] .

T h e researc h  w as ai m ed at  eval uat i ng  t h e m et h odol og y of  
rec l ai m i ng  m i c row ave- h ardened m oul di ng  sands c ont ai ni ng  
w at er- g l ass.  T h e w ast e m oul di ng  sand w as f i rst  w et t ed and 
buffered in a closed chamber. This treatment triggers the “wet 
activation” of the film, the hydrophilic binder deposited on the 
si l i c a sand surf ac e.  T h e p roc esses of  t h e b i nder rec l am at i on 
by mechanical “dry activation” or “wet activation” are shown 
i n Fi g .  1 ,  and t h e ob t ai ned resul t s are eval uat ed b y m eans of  
sel ec t ed m ec h ani c al  c ri t eri a desi g ned f or f resh  m oul di ng  sands.  
H ow ever,  i nf l uenc es of  ot h er f ac t ors,  suc h  as b uf f eri ng  t i m e 
i n t h e c l osed h um i d envi ronm ent  at  c onst ant  t em p erat ure and 

pressure are still unexplained. The purpose of the proposed 
m et h odol og y of  ac t i vat i on i s t o rest ore t h e b ondi ng  p rop ert i es of  
the used binder with a high efficiency.

As a base for the laboratory examinations, it was assumed 
t h a t ,  b y p ro p er se l e c t i on o f  t h e p ro c ess p ara m e t ers and 
introduction of an experimentally determined small quantity of 
ref resh i ng  c om p onent s ( see Fi g .  1 ) ,  i t  w i l l  b e p ossi b l e t o em p l oy 
the microwave-hardened moulding mixture containing grade 
145 sodium silicate as the circulating moulding sand, which 
i s of  a gr eat  i m por t anc e f rom  t he  ec onom i c al ,  ec ol ogi c al  and 
t ec h nol og i c al  p oi nt s of  vi ew .  

1 Experimental procedure
B ased on t h e p revi ous researc h  [4,5],   t h e c ont ent  of  t h e w at er-
glass grade 145 (average molar module = 2.5) in fresh moulding 
sands was set at 1.5wt.%. Moreover, to improve spreading 
ab i l i t y of  t h e b i nder on surf a c es of  t h e h i g h - s i l i c a sand,  
0.5wt.% of water was added to the ribbon laboratory mixer 
duri ng  t h e p rep arat i on of  t h e m oul di ng  sands ( S t ag e 0 ) .  T h e 
specimens for mechanical testing were made in a box specially 
adapted for work in electromagnetic field [ 2 3 ] .  T h e sp ec i m ens 
and moulds made of fresh moulding mixtures were cooled-
down after rapid microwave hardening. Next, the moulds were 
thermally loaded at 800 °C ± 5 °C (Stage VI), as shown in 
Fig. 1. In this way, a specific degree of thermal load (overheating 
range between: minimum at 100 ± 5 °C and maximum at 800 
± 5 °C) was achieved for the first time. After cooling down the 
moulds to about 40 °C, the used and preliminarily reclaimed 
moulding sands (Stage VII) underwent one of the two proposed 
rec l am at i on p roc esses.  

The first process, described in details in Ref. [4, 5] referred 
as “dry activation”, consisted of dry mechanical activation 
of  g l assy sodi um  si l i c at e usi ng  a di si nt eg rat i ng  and g ri ndi ng  
devi c e,  ac c om p ani ed b y c ont rol l ed c ont i nuous rem ovi ng  of  
t h e c reat ed dust y f rac t i ons ( S t ag e I ) .  T h e sec ond m et h od so 
called “wet activation” began from wetting (with addition of 
water at 2.3wt.%) the knocked-out waste moulding sand and 
buffering it at ambient temperature in a closed chamber for 240 
m i nut es ( S t ag e I ) .  A t  " S t ag e I I " ,  el em ent s w ere i nt roduc ed t o 
i ni t i at e m ec h ani c al  ac t i vat i on of  g rai n surf ac es suc h  as i nt ensi ve 
mixing with stirring. At "Stage III", a small amount (about 
0.6wt.%) of refreshing binder (see Fig. 1) of the same grade was 
introduced. During each of five processing cycles, tensile and 
b endi ng  st reng t h  val ues,  Rm

U  and Rg
U  and p erm eab i l i t y of  b ot h  

reclaimed sands were determined after the "Stage IV". On the 
basis of these examinations, an attempt was made to determine 
t h e num b er of  t h e rec l am at i on c yc l es duri ng  b ot h  ac t i vat i on 
p roc esses i n l ab orat ory c ondi t i ons.  

2 Results
Test results after “Stage IV”, combined with their linear 
regression, are shown in Figs. 2, 3 and 4. The cycle "0" marked 
on ab sc i ssa desc ri b es t h e p aram et ers of  t h e f resh  and m i c row ave 
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F i g . 1:   S c h ema t i c  p res en t a t i on  of  t w o p roc es s i n g  c y c les  of  d ry  a c t i va t i on  [ 4 , 5 ]  or w et  a c t i va t i on  of  w a s t e mou ld i n g  s a n d s  i n  
laboratory conditions with specific amounts of refreshing additives

h ardened sands.
T ak i ng  i nt o ac c ount  m ec h ani c al  p aram et ers of  t h e c yc l i c al l y 

processed moulding mixtures, it is possible – by proper selection 
of activation methods (wet or dry) and sequence of operations, 
to indicate that the effective reclamation based on wet activation 
can be carried out at least five times (Figs. 2 and 3). In each of 

F i g . 2:   T en s i le s t ren g t h  Rm
U  of  a c t i va t ed  a n d  ref res h ed  

moulding mixtures after "Stage IV" in each of five 
p roc es s i n g  c y c les

F i g . 3:   B en d i n g  s t ren g t h  Rg
U  of  a c t i va t ed  a n d  ref res h ed  

moulding mixtures after "Stage IV" in each of five 
p roc es s i n g  c y c les

t h e p rop osed ac t i vat i on p roc esses,  i t  i s p ossi b l e t o m ai nt ai n t h e 
m ec h ani c al  p rop ert i es of  t h e c yc l i c al l y ref resh ed m oul di ng  sands 
by refreshing them with constant quantities of water and binder. 
H ow ever,  t h e p rop osed l i near reg ressi on m odel s sh ow  rel at i vel y 
l ow  c orrel at i on c oef f i c i ent s,  w h i c h  c an b e assoc i at ed w i t h  
vari ous deg rees of  overh eat i ng  [ 6 ]  i n eac h  c yc l e.  I t  c an b e assum ed 
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F i g . 4 :   P ermea bi li t y  P U  of  a c t i va t ed  a n d  ref res h ed  
moulding mixtures after "Stage IV" in each of five 
p roc es s i n g  c y c les

that other methods of approximation, like polynomial, would 
b e m ore m at c h ed.  B ut ,  t h e p ri m ary ob j ec t i ve t o st ab i l i z e t h e t est  
t ec h nol og i c al  and st reng t h  p aram et ers h ave b een ac h i eved.  

The wet activated moulding mixture consistently has lower 
val ues of  t ensi l e and b endi ng  st reng t h .  T h e di f f erenc e m ay 
resul t  f rom  a f ew  reasons.  T h e f i rst  one not i c ed i s t h e sm al l  
difference between initial strength values measured for both fresh 
moulding mixtures in cycle “0” (see Figs. 2 and 3). Moreover, 
due t o h yg rosc op i c i t y of  t h e b i nder resul t i ng  f rom  i t s h ydrop h i l i c  
nat ure,  ref resh i ng  addi t i on of  t h e b i nder i n t h e w et  ac t i vat i on 
process could be reduced to less than 0.6wt.% [24].  T o eval uat e t h e 
effectiveness of the wet activation, attention should also be paid to 
t h e addi t i on of  f resh  w at er i nt roduc ed t o reh ydrat e t h e t h erm al l y 

t reat ed b i nder.  T h e c ont ent  of  w at er i nt roduc ed t o t h e k noc k ed-
out and buffered waste moulding mixture is nearly 1wt.% higher 
(Fig. 1) than that in the dry activated process. Higher effectiveness 
of  w et  ac t i vat i on does not  f ul l y c om p ensat e t h e sm al l  l osses 
i n c ase of  b endi ng  st reng t h  ( Fi g .  3 ) .  W at er addi t i on [25] al so 
c h ang es rh eol og i c al  p rop ert i es of  eac h  m oul di ng  sand duri ng  
t h e p rep arat i on of  sp ec i m ens f or t ensi l e and b endi ng  t est s ( i n 
Stage IV), which is reflected in technological parameters such as 
p erm eab i l i t y of  t h e ac t i vat ed m oul di ng  sands.  

The permeability trend line (Fig. 4) of the wet activated 
m oul di ng  sand sh ow s f ast er g row t h  t h an t h at  of  dry ac t i vat i on.  
I t  sh oul d b e al so not ed t h at  h i g h er dynam i sm  of  p erm eab i l i t y 
changes of wet activated moulding mixtures can be also caused 
b y surf ac e- ac t i vat ed l i nk i ng  b ri dg es t h at  w ere not  p rop erl y 
rubbed-off during mechanical dry activation, which is confirmed 
by subsequent SEM observations.

The SEM images of sand grains analysed after “Stage I” 
i n eac h  of  t h e w et  ac t i vat i on c yc l es sh ow  rep eat ab l e c oat i ng  
of sand grains with the binder (Fig. 5), which is followed by 
intensive mixing and stirring at “Stage II”. As the previous 
st udi es sh ow ed [4,5,6], it is important to keep the film of binder 
remained after effective disintegration of waste moulding sand, 
w h i c h  i s susc ep t i b l e t o reh ydrat i ng .  T h e ob servat i ons of  t h e 
reclamation after the second, third, fourth and fifth processing 
c yc l es reveal ed l arg er num b ers of  c ong l om erat es of  si l i c a 
grains. This phenomenon may also explain the increase in 
p erm eab i l i t y P U  (Fig. 4), particularly pronounced in the case 
of  t h e ref resh ed m oul di ng  sand sub j ec t ed t o w et  ac t i vat i on.  
These observations suggest necessary modifications in stirring 
parameters of reclaimed moulding mixtures (Fig. 1), which are 
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b i nder sh oul d b e c om p ensat ed b y l arg er am ount  of  ref resh i ng  
sodi um  si l i c at e.

(5) The amount of the refreshing water should be associated 
w i t h  t h e m et h ods of  p roc essi ng  w ast e m oul di ng  sands,  i . e.  t h e 
cyclically wet activated and refreshed moulding sand requires 
less addition of binder (<0.6wt.%) thanks to buffering in a 
c l osed c h am b er,  w h i c h  p erm i t s a m ore ef f ec t i ve p roc ess of  
b i nder reh ydrat i on.

(6) Introduction of small quantity of fresh "activating" 
c om p onent s ( w at er and b i nder)  m ak es i t  p ossi b l e t o m ai nt ai n t h e 
m ec h ani c al  and t ec h nol og i c al  p aram et ers of  ref resh ed m oul di ng  
mixtures during the five processing cycles. Better stabilisation 
of mechanical and technological parameters requires a deeper 
underst andi ng  on t h e w et  ac t i vat i on p roc ess.

(7) Cyclically prepared moulding sand does not require the 
addition of fresh high-silica sand, because the quality of the 
obtained reclaim (base and binder) permits its 100% use as next 
m oul di ng  sands.
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Fig. 5:  SEM images of high-silica base. Conglomerates and concentration places of wet activated film of glassy sodium 
silicate are marked with arrows: (a) fresh high-silica sand; (b) after first cycle; (c) after second cycle; (d) after 
third cycle; (e) after fourth cycle; (f) after fifth cycle of reclamation

now insufficient for complete disintegration of the regenerate.
Introducing to the moulding mixture small quantities of 

f resh  c om p onent s ( w at er and ref resh i ng  b i nder)  at  t h e st ag es 
I ,  I I  and I I I  c an i nt ensi f y t h e dry m ec h ani c al  p roc ess of  b i nder 
rec l am at i on c ont ai ni ng  sec ondary h ydrat i on ( reh ydrat i on)  of  
sodium silicate film, designated by the authors as the operation 
of  " ac t i vat i on" .  S m al l  addi t i on of  w at er m ak es i t  p ossi b l e 
t o st art  som e of  t h e unc l ear m ec h ani sm s of  ac t i vat i ng  f i l m  
of microwave-hardened binder. Experimentally determined 
am ount s of  t h e ac t i vat i ng  and ref resh i ng  addi t i ves c an b e 
t reat ed as a st art i ng  p oi nt  t o i m p rove t h e p rop osed m et h ods 
of  p roc essi ng  w ast e m oul di ng  sands.  A t  t h e c urrent  l evel  of  
k now l edg e,  t h ese i nnovat i ve t ec h nol og i es of  p roc essi ng  and 
activating moulding mixtures containing water-glass and 
hardened by physical methods, require further studies, including 
on knocking-out properties of refreshed moulding mixtures, 
their residual strength and abrasion resistance. Full explanation 
of  al l  t h e p h enom ena ac c om p anyi ng  c yc l i c  p roc essi ng  of  t h ese 
m oul di ng  sands,  as w el l  as on t h e rel at i on b et w een p H  of  
regenerate and quality of castings, provides a base to carry out 
t ec h nol og i c al  t est s out si de t h e l ab orat ory,  w h i c h  t h e aut h ors 
c urrent l y c onsi der.

3  Conclusions
( 1 )  T h e p resent  researc h  on t h e p ossi b i l i t y t o ref resh  i norg ani c  

b i nders c onf i rm ed t h e oc c urrenc e of  t h e sec ondary h ydrat i on 
( reh ydrat i on)  p h enom enon under t h e i nf l uenc e of  dry or w et  
ac t i vat i on of  w ast e m oul di ng  sands c ont ai ni ng  w at er- g l ass and 
h ardened b y m i c row aves.

( 2 )  T h e p re l i m i nary l a b ora t ory resear c h  i nd i c a t ed t h e 
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