
UNINTE 

From the 1)cpnrtnicnt of  I k n t a l  Technology, 
the I\oynl Deirtal Collcgc, Cttpctilingen, 
I)c ii inn rk. 

JDED HYGROSCOPIC EXPANSION OF 
DENTAL STONE AND INVESTMENT 
b :I 

KARES H o w r  

It is well known that  the setting expansion of gypsuni mite-  
rials is increased when the setting t:ikes phce  under water. This 
additional expansion is called hygroscopic expansion1 ) . The pur- 
pose of the present study was to investigate whether hygro- 
scopic exp:insion occurs when :I sainple of setting gypsum m:tte- 
rial is brought into contact with :I freshly mixed s:uiiple, :is i t  is 
in practice when :I base is cast on a stone or plaster model, :ind 
in double investment technique. As far as is known, this clues- 
tion hns not been investigated so far. 

11 ETHOD S 

The arrangenient used for iiieasuring the expnnsion is shown 
diagrnmmntically in Fig. 1.  The iiieasuring instrument was :I dial 
gaugez) attached to a rigid frame. The test specimen was placed 
in a flat-bottomed glass dish stunding on the plate on the frunie 
base. The lower end of the vertically niovable dial gauge rod was 
provided with :I brass plate, which was p:ir:illel to the flat plate 
on the fr:iiiie base. The brass plute was 20 111111 in diaiiieter. The 

1) Iiegarciing hygroscopic exp:ui\ion the reatlcr i s  referred t o  Iirilctl I)rcger 
. I~ ) ryense i i ,  1960: The Hygrowopic Setting Exp:riision of Gyp5uni. A c l n  odont. 
scand. 18: 161-477. 

2 )  Mndc by Carl AIalir, Germany. 
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~)ress'ure o f  the t i i d  gauge was 75 -i- 5 gr:ims. h complete turn of 
the din1 g:iuge pointer corresponded l o  :I vertic:il tiioveme~it of the 
rod of 1.000 i i i ~ i i .  The circular sc:ile on the di:iI w;is divided into 
100 intervals, so that  the distance between two graduation in:irlis 
corresponded to :I iiioveiiient of 0.01 ni i i i .  As the iii:irl<s were 

widely s p i c e d  a s  con ip red  to the width of the pointer, it was 
possible to read iiioveiiients of  0.002 i i i t i i  with certainty, and 
iiioveiiients of 0.00 1 i i i i i i  with :ipl)roxiin:rte :~ccur:icy. According 
to the tiinni1f:icturer the  tiieusuring :iccur:icy was greater than 
the rending :iccur:icy. 

All the experiments were carried out at  teiiiperntures of 23"--- 
26" C, and the procedure was :is follows: 'I'he upper part of the 
h i s s  plate :ind the lower part of the dial g:iiige rod were care- 
fully coated with vaseline. Fifty grains of dental stone or invest- 
inent w7ere iiiixed with the proper proportion of distilled water. 
After (50 seconds' sp:itulation the iiiixlure was poured into a 
cylinder of  thin, o111y slightly hygroscopic p i p e r ,  standing i n  the 
flat-bottomed glass dish. The paper cylinder, which was 4 ciii 

high nnd 4.6 cin in diameter, w a s  now :ibout Ii:ilf filled. The $:iss 
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dish was then placed on the plate on the dial gauge frame. The 
dial gauge was lowered until the hr:\ss plate was in close contact 
with the surface of the mix. As soon a s  the setting mass was 
barely able to support the dial gauge pressure, the dial gauge w:is 
inoved soiiie way farther down. Thereby the verticd rod was 
lifted, and the pointer travelled forward on the scale. A deflec- 
tion of about one turn was intended. By means of :I screw the 
dial gauge was held in this position, and the iiioveiiient of the 
pointer was observed. During the first 30-60 seconds the pointer 
moved slightly backward, indicating penetration of the brass plate 
into the iiiass. Then it stopped for :I iiionient, after which i t  
moved forward - the exp:tnsiion had started. Readings were now 
taken :it regu1:ir intervals during the two hours of the experi- 
ment. 

A t  :I predeterniined time during the experiinent :I freshly niixed 
saiiiple of stone or investment, of the same size :is the initial 
niixture, was gently vibrated down on top of the first sample 
with ;I spatula, s o  that the upper half of the paper cylinder be- 
c:inie filled up. At the end of the experiiiient the test speciiiien 
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was removed from the d i d  gauge by unscrcwing the brass plate 
embedded in the gypsuin 1n:iss. 13y 1ne:ins of  t i  hainiiier and :I 

sharp knife the two gypsuin I:iyers were separiited. The length 
(IA,.) o f  the test speciiiien, i.e. the  distance froin the hottoin to  the 
impression of the brass plate, was ineasured with a sliding caliper 
after the raised r im of gypsuiii hiid been cut o f f .  The original 
length ( IA, ) )  of the test specimen was found  by su1)tr:icting the 
expinsion troin I,,,, :ind the expi is ion w:is cnlriilnted in per cent 
o f  L,). 

4.2 .. ~- . 

Erpcinsioii t e s f s  intitie on EPI I )ent t i l  S t o n e  @ 

Firs t  the setting expmsion in  air  :ind the ~ i i ;~xi i i iun~ hygro- 
scopic expinsion were determined. Then three cxperiments fol- 
lowed, in which the freshly mixed stone w a s  :iddecl 5 ininutcs 
after skirt  of mixing the first s:iinl)le. In siipplenientary cxperi- 
inents the  fresh ]nix w a s  added after (i inin., 7 iiiin., etc. The 
results :tppe:ir in Table I :ind in Fig. 2. 
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The findings show th:it in d l  the  cases addition of freshly 
mixed stone gave 21 higher expniision than setting in air. The 
effect of the added stone was greatest for :iddition (i-7 minutes 
after stnrt of  mixing the first s:irnple. This tiiiie is :tpproxiinately 
coinciding with the stage :it which the first sample was beginning 
to iinbibe water. Obviously, the e x p i s i o n  value for addition :it 
the tiiiie zero ( 0 )  must  he e c p l  to the setting expansion in air. 
As the curve slope in the interwl  5-6 ininutes is known too, it 
must he warrantable to plot the curve segnient froin 0-5 niinutes, 
:is shown in  Fig. 2. 

I t  was then ex:iiiiiiied whether the expansion would becoiiie 
still greater if the second iiiixture was twice the :~iuount of the  
first one. Such w:is not the case. The percentage expunsion in 
these tests was the s;iiiie :IS found in the first experiiuent:il series 
for addition :it the s:iiiie tiiiie. If, on the  other hand, the :idtled 
sainple was only half a s  large :is the initial inixture, :I slight de- 
crease in the total setting exp:insion was observed (Table 11). 

'l'ahlc I 1  

1:'xpansion of EPI 8 i i i i t h  ircrrying rulio be i i rw n the first and 
the  srcond sainplra. 

33 g first sample, ti5 g 
65 g I see. \ample, 35 g 

I 0.76 % 

Ratio 

khpa~ision 0.97 % 
1.00 % 1 0.75 7b 

~ ~ ~~ 

T r s t  m d r  on /)izrotrrii i  I i i / ~ e s l i r i e n f @ .  

In this case too, t he  setting expansion :ind the iii:~xiiiiuiii hygro- 
scopic expinsion were deteriiiined first. In  subsequent experi- 
ments the freshly inixed investment w a s  :idded 5 minutes after 
start  of niixing the initi:il snniple, then experiiiient s were carried 
out with addition of the second xilnple after A, 7 mid 8 ininutes, 
respectively. In  this experiiiien1:il series too, the expmsion was 
consit1er:ihly incre:ised ('l'uble 1 1 1 ) .  

CONCLI'SIONS 

It inust he considered est:iblished th:it EI'I Dental Stone@ :is 
well :IS Ihroter in  Investiiient@ iii:iy show :I pronounced hygro- 
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’rable I 1 1  
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scopic expinsion when :illowed lo  ahsorh water from freshly 
mixed stone or investment during the setting period. Although 
the experitiient:il investigation W;IS concerned with Ell18 and 
DuroterinB only, it is retison:ible to  conclude tfint the less the 
difference he t wee n nor III:I 1 setting ex pi n sion and niaximu i n  

hygroscopic expinsion of a given gypsuiii product, the less signi- 
ficant will he the dr:iwh:\clts involved. 

s “JIB1 A 111’ 

The purpose of this w ~ r l c  was to  investigate whether hygro- 
scopic expansion occurs i l  two snniples of gypsii~n inoterial, one 
in the process of setting, the other freshly mixed, :ire hrought 
into contact with each other. This question i s  of pr:icticnl interest, 
e.g. when :I base is cast on :i stone iiiodel, and  in double invest- 
ment techniques. The experinient:il nrr:tngeinent is shown in 
Fig. 1 .  ‘The exp:insiion of EPI 1)ent:il Stone@ appears in l‘ahles I- 
I1 and in Fig. 2. The results for Duroterm Investment@ :ire given 
in T:ihle 111. 

The findings show that :i considerahle increase in expnnsion 
occurred of the dental stone and investment tested in these ex- 
periments, :rnd that  this increase depends upon the time :it which 
the freshly mixed s:iinple is added. 
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IMSY Ill? 

EXPANSION HYGHOSCOPIQUE ININTENTIONNELLE DANS LE P L ~ T R E  
PIERRE ET LE REVBTEMENT 

Le but de ce travail est d’exaininer s’il se produit une e x p n -  
sion hygroscopique lorsque, pendant la prise, du pliitre ou du 
revkteiiient entre en contact nvec du  pliitre frais &h6 ou  d u  
revtteiiient fraichemeiit m6lang6. Cette question prCsente un  
int6rCt pratique lors de la coulCe d’une base sur iiiodCle de platre 
pierre ou dans la technique de mise en revttement nvec noyiu 
central. La disposition de I’essai est montrbe sur la figure 1. L’ex- 
pansion trouvCe pour le pliitre pierre EPI rksulte des tables I et 
I1 et de la figure 2. Les rksultats pour le rev6tement Duroteriii 
sont prCsentCs sur la table 111. On w i t  qu’il se produit une aug- 
inentation considCrable de I’expnnsion et clue cette expansion d@- 
pend du  moinent oil le pliitre frais gdchC o ~ i  I n  inasse de revGte- 
iuent nouvelleiiient iii4lnngi. sont :ijout6s. 

ZLJSARIJIENFASSL‘NG 

UNREABSICHTIGTE HYGKOSKOPISCHE EXPANSION VON GIPS UND 
EINRBTTUNGSMASSE 

Zweck dieser Arbeit w i r  x u  untersuchen ob hygrosltopische 
E x p i s i o n  vorl<oinmt, wenn Gips otler Einbettun~stiinsse wahrend 
des Abbindens in Verbindung iiiit frisch angeriihrtein (;ips oder 
Einbetluiigsmasse koiiiiiien. Diese Frage k i t  pr:ilctisches Interesse 
beiiii Giessen \Ton Gipsiiiodellen und in Gusstechnik nach der 
I<erneinhettunasiiiethode. Die \Tersuchsaufstelluiig ist in Abb. 1 
gezeigt. Die gefundene Expansion des Modellgipses EP1 geht n u s  
die Tabellen I und I1 uncl :\us Ahb. 2 hervor. Die Ergebnisse fur 
die Einbettungsiiinsse Duroterni sinti in der Tabelle 111 ange- 
geben. Es geht von dieseii Messungen hervor, dass eine erliebliche 
Vergrijsserung der Abbindeexpmsion hervcirgerufen wird, und 
dass diese Vergrdsserung von deli1 Zeitpunkt nbhiingt, wo der 
frisch nngeriihrte Gips bzw. Einhettungsiii;isse i n  Verbindung iiiit 
deni ahhindenden Materinl koiiiiiit. 
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