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A co~a:~on problem associated with the fluid resins is the pre sence  of v~~i d ~;
t~

-
~~ finished restoration . Theic’ voids are thou.~ht to be d-~~ en dent  upon t~i~

. i a w  characteristics o~ the r e s in .  These characteristics , i n  turn , are govc~ r.~~L
largel y by rheological phenomena . Unfortunatel y, sufficient information rel~ ’.’:~nt
to the flow properties of fluid resins has been heretofore unavailable.

The present investigation determined the flow properties of several f lu i d
denture base resins . The resultant data permits the establishment of definitive

~ritcria for selection of materials suitable for military use. Additionally,
techniques relevant to the laboratory manipulation of the fluid resins have been
delineated . Dissemination of such information regarding the fluid resins will

~.id in the devleopment of new and improved materials for military dentistry .
This study determined the r’neological properties of six commercial fluid

resins by rotational viscometric techniques. The viscosity of Hyflo (A),
Pronto 11 (B), Pro-Fit (C), Pon t  (D), TruPour (B), and Pour-n-Cure (F) was
neasured as a function of time and rotationa l speed at a temperature of 23±O.OSC
A calibrated spindle was rotated at rates of 10, 20 and 50 revolutions per min-
ute (rpm). The viscosity in cent ipoise (cp) was recorded for 6 mm after ini-
tiation of mixing or until the viscosity of the products exceeded the range o~
the recorder . Data were evaluated by analysis of variance and means were com-
pared by Scheffe ’s method at the 95% level of confidence. The initial vis-
cosities at 10 rpm were : A , 67 cp; B, 104 cp; C, 133 cp; D, 133 cp; E, 267 cp;
and F, 575 cp. The Scheffe interval was 21 cp. The viscosity of all materials
increased with time . At 3 mm after the start of mixing the viscosities at 10
rpm were : A, 342 cp; B, 371 cp; C , 282 cp; D, 475 cp; B , 625 cp, and F, 2,933 c
Tne Scheffe interval was 129 cp. At increased rotational speeds Material F was
pseudoplastic. Initiall y, however , behavior of the other resins was character-
i:ed by dilatancy. At 50 rpm the initial viscosities were : A , 87 cp; ~~~, 133 cp;
C, 160 cp; D, 155 cp; E, 301 cp; and F, 322 cp. The Scheffe ’ interval was 21 cp
for materials and ii cp for rotational speed . Changes in viscosity with in-
creased rotational speed appear to reflect the effects of rheotog ic behavior ~uJ
the rate of the setting reaction of each material
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Synopsis

The rheological properties of six commercial fluid denture

resins were determined by rotational viscometry. Initial viscosity

ranged from 67 to 575 centipoise at a rotational speed of 10 revolu—

tions per minute. All resins showed initial non—Newtonian flow

behavior and increased viscosity with time.
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The use of D o u r — t y p e  ( f l u i d )  resins fo r  the  f a b ricat i o n  of

denture  bases has increased markedly over thu oast decade . Advan-

tages o f fer ed  by the f lu id  resins include:  (1) Reduction of proces-

sing t ime ; s impl i f ica t ion of fla sk ing  and def lasking orocedures ;

and (3) reduction of time required fo r  f in ishing and nolishing the

cured prostheses.1

Previous studies on fluid resins have been addressed to measure-

ment of physical and mechanical properties , modification and refinement

of processing procedures , and assessment of the effect of investment

materials on the qual i ty of the f inished restoration.
2 8  

Products

made from pour—type resins often exhibit voids and other surface im-

perfections. It has been suggested that the defects may be the result

of pouring a resin that is too viscous.
5 Unfortunately, sufficient

in forma t ion  regarding the viscous pro~ er ties  of the  uour  r~~sins i ;

not available.

The present investigation was conducted to determine the apDarent

viscosity of several pour—type denture base resins as a f u n c t i o n  of

time and rotational speed at a constant temperature .

Materials and Methods

Six pour—type denture base resins were obtained from proprietary

sources. The manufacturers and batch numbers are listed in Table 1.

The polymer and monomer components of the materials were pro--

portioned in accordance with manufacturer ’s recommended powder—liquid

ratios to yield mixtures of approximately 40 cc. All mh:tures and

measurements were made within a constant temperature chamber maintained

at 23±O.05C.

— 1.-



VL ,c o s i ty  o~ the test r’ .~ius wjs determin ed with a rotat ion*L

*
vis c’a~ ter. Sh~ aring w;i~; caused by the rotation 0 1 a d i s c  (di imeter

2.12 cm) and r e t  ( d i a m e t e r  0 .45  cm) sp indle  assemblv + at r a tes  of 10 ,

20 and 50 r e v o l u t i o n s  per  m inute ( rpm) . Three t r i al s  wi~re ma de w i t h

each material at each shear rate. Tha pneumatic output of the visco—

meter ~,as converted to an electrical signal by a oneumatic—electric

converter
# 
and recorded on a y—time recorder.~ Data were obtained as

viscosities in centiposie (cp) by calibration of the spind le with a

Newtonian standard.~ Recording of the viscosities ot five materials

(A, B, D, E, F) was begun 45 seconds after the start of mixing. Initial

measurements for one resin (C) were made 90 seconds after commencement

of sample preparation . The viscosity of each mate r i a l  was recorded con-

t inuous ly  for a period of six minu tes  fo l low ing the i n i t i at i o n  of m i x i ng

or u n t i l  Une  v i  ~~~~~ Ltv o t t~h- n ix  ex ce~ c1~ d the ; : ~~ e ~~ie r

All data were evaluated statistically by analysis of variance

and means compared using Scheffe ’’s method at the 95 percent level of

confidence.
9

* Rheolog Model 1/4 RVT—RL—199. Brookfield Engineering Corp .,
Stoughton , MA 02074.

+ Spind le No. 5, Brookileld Engineering Corp., Sto~’ghton . MA 02 0 14.

# P n e um a t i c — E l e c t r i c  Conver t er , Brookf  b i d  1~n g in e~~r [n g  C or p .
Stoughton , MA 02072.

ç] Model XY53 OTM , F.sterline Angus , U n i t  of Ester] inc Corn .,
Indianapolis , IN 46404.

§ V i s c o s i t y  S tand , ird  No. N 3~,00 , Lot N o . 7 .025 p ,  Cannon 1natrtin ~.~iit Co.
Sta t e  Collego , PA 16801.
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Results

The viscosity of each material increased  m arkedly w i t h  Lime . The

changes in the viscosities of the resins w i t h  time ci 10 r um are shot~n

in Vigure 1. InItial viscosity values ranged from 67 co for material A

~~575 cp for material F. The mean values of the initial viscosity at 10

rpm of C and D were statistically eouivalent at the 95 percent level of

confidence (Table 2). The mean values of the viscosity of A , B, F., and

F were statistically different from each othe r and from those of the other

materials at this rotational speed. The Scheffe interval wa~ 21 CD .

At three minutes (materials A , B, D, E, and F) and 3 1/2 minutes

(material  C) ,  a f t e r  the s tar t  of mixing (Table 2 ) ,  the visco~~itv of

F had increased to 2 ,933 cm, . The viscosi t ies  of the o ther  ma te r i a l s  had

incr~ a~ ed to  values oni’.’ s~ i~ htlv ~ihovp (‘~25 c~~, ~.
‘t ~~ m -‘.~~~t1 y helo ’~

(283 cp, C) the initial viscosity of F (575 cu). The mean values of

the viscosity of A , B, and C were statistically equivalent at the 95

percent level of confidence. The viscosities of B and 1) were also

equivalent at this confidence level. The Scheffe interval was 129 en .

The effect of rotational speed on the initial viscosity of the

resins is shown in ~‘{gure 2. The viscosity at a rotational speed of

50 rpm ranged from 0.6 times (i~) to 1.3 times (A) the v i s c o s i t y

measured at 10 rpm . Materials A , B, C , D, and K demonstr~n~’d signi fi—

cant increases In  v iscos i ty  with increased rotational speed’; in~ticatin~

dil a tan t  flow behavior .  M at e r i a l  ~ exhibited nseudonlasticitv or shear

t h i n n i n g  over the range of r o tat i o nal  speeds emp loy e d .  The ~ c ho I  i t’ ’

— 3—
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interval was 11 cp. As the t ime  f rom the  s t a r t  o~ m i x i n g

increased , the effect of rotational speed on the viscosity of all

but  one of the resins (F) , decreased. The changas in v i scos i ty  wi th

rotational speed at three minutes after the start of mixing are shown

in Figure 3. At this time , the viscosity at 50 rpm ranged from 0.6

times (F) to 1.03 times (B) the viscosity measured at 10 rpm.

Materials A , B, C, and D behaved as Newtonian liquids while materials

E and F exhibited pseudoplastic flow. The Scheffe interval was 66 cp.

Discussion

The viscosity of a polymerizing monomer—polymer mixture is

affected by many factors . The particle size, molecular weight , and

initiator content of the nolymer as well as the molecular weight , and

preseac~ of c r o s s— l i n k i n g  u~ en t ; , ir ihib i~ o r and tcc~~1er -i tor  i a

monomer influence the rate of polymerization and contribute to the

viscous properties of the mixed resins.

The statistical differences between the initial viscosities of

some of the resins may re f lec t  these compositional variations but

possess little practical significance. A range of viscosities for

the optimal clinical use of the pour resins has not been established.

Though the initial viscosity of F is nearly nine times that of A ,

it is probably still low enough to allow th~ resin to be poured into

the orepared mold.

The viscosity of the mixed resin as the t ine f rom t h e  s t a r t  of

mix ing  increases is a much more impor tan t  f a c t o r  in the  ci inical

handling of these materials . A resin possessing a low viscosity for

—4—
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a s u i t a ble  p e r t o d  of t in e  would be c o n v e ni e nt  where multin Ic molds

were to be poured f rom a s ingle m i x .  The lower values of v i scos i ty

for  A , B. C , D , and K at three  minu tes  from the s t a r t  o~ nixiu~

suggest tha t  a longer working time may be available with these

materials than with F.

The effect of rotational speed on the viscosity of the mixed

resins may be due to the combined effects of rheological behavior and

reaction rate. The mixed materials are essentially powder—liquid

slurries. At low rotational speeds , the nowder narticles may be

able to slide past one another as the 1i~ uid acts as an interstitial

lubricant. As the rotational sneed increases, the oowder narticles

become oacked together wi th  no intervening l iqu id .  The f o rc e  reoui red

to maintain a constant rotational speed increases and a higher  vis-

cosity is recorded at these Lncr eased r a tes  of shear .

Additionally, the continued stirring action of the rotating

spindle may increase the rate of polymerization . At higher rotational

speeds the interaction of the monomer with the accelerator and other

monomer molecules may be enhanced . The resultant accelerated reaction

rate  results  in an increase in viscosity.  Thus , the combined e f f ec t s

of powder narticle interaction and accelerated nolymeri~ at ion  may

produce the shear thickening or dilatant flow observed exuerimentalk’

with materials, A , B, C, D, and F.

As the t ime f rom the s t a r t  of mixing increases , the continued

mixing action of the spindle may interfere with the f o r ma t i o n  of t he

polymer chains. Once the rate of polymerization has reached a maximum ,

continued mix ing  wi l l  no longer acce lera te  the reaction , hut instead

—5—
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reduce the v i s cos i t y  of the mix .  Thus , the phenomena of poi~der

p~irticle interaction and reaction rate become antagonistic and the

magni tude  of the shear rate e f f e c t  is reduced. The pseudop lastici ty

observed initially with material F and at 3 minutes wi th  materials  E

~~d F  may reflect  this antagonism. A balance between the p~mr t i c le

interaction—reaction rate phenomena and the interference with the

developing polymer chains may result in the Newtonian behavior

observed with materials A, B , C , and D.

Clinically , the initial dilatant behavior of the fluid resins

A , B, C, D, and E suggests that the introduction of the mixed resin

into the mold should be accomp lished slowly. Rapid pouring or injection

of these ma terials may crea te hi gh shear rates and increase the vis—

co.;ity such that  f low into the f i ne  details of the m old  is p r oh i b i t e d .

The pseudoplasticity observed with material F indicates that

rapid pouring of the resin may enhance the flow into the fine details

of the mold. However, high shear rates which result in apparent pseudo—

plastic behavior may adversely affect the mechanical prop er ties of

the cured resin. Further research into the effects of shear rate on

the detail reproduction of the fluid resins and on their mechanical

properties would be invaluable in establishing guidelines for the

clinical handling of these materials .

Conclusions

The rheological behavior of six pour—type denture base resins

was studied by rotational viscometric techniques .

—6— 



Cons iderable va r i a t ion  exis ted in the i n i t ia l  vj sc o s lt i e~;

of the ~;ater ials evaluated . The values of the ini t ia l  viscosit ieS

ranged f r o m  67 to 575 cp at a ro ta t iona l  speed of 10 revo lu t ions

per minute.

The initial viscosity of all but one of the materials (F)

increased significantly with increases in rotational speed ,

suggesting dilatant flow behavior.

The viscosity of each material increased markedly with time .

The viscosity of material F increased at a faster ra te than did

those of the other materials .

Early introduction of the mixed materials into the prepared

mold may help minimize the presence of voids and the loss of fine

detai l  in the f inal r e s t o r a t i o n .

—7—
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*
TA3L~~ 2: Viscosity of the Fluid Re s i n s

~~ ter ial  i n i t i a l  Viscos i ty  (cp )  Viscos i ty  at 3 M i n u t i s
A tt e r  t he  S t a r t  of Mixing (cp)

A 67 (l4)~ 342 (29)

B 104 ( 7 )  371 (8)

C 133 (14) 283 (38)
1

D 133 (14) 475 (25)

E 267 (29)  625 (43)

F 575 (0) 2 ,933 (260)

* The viscosities were obtained at a rotational speed of 10
revolutions per minute.

+ Means with ‘tandard deviations in parontheses werc~ deter~ . Ined
tron three repticatiens. Sch~~ te 

- intervals w~ r ’ (OapUt Cd t j

be 21 cp for the initial viscosities and 129 cp for the vis-
cosities at three minutes from the start of mixing .

Viscosity (ce) at three and one—half minutes after start of mixing . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Legends for  ~i gures

Figure 1. The Change in Viscosity c~’Lth Time at 10 rp~i.

Figure 2. The Initial Viscosity of Each Material ~is a ~
‘unction

of Rotational Speed.

Figure 3. The Viscosity of Each Material at Three Minutes after the

Beg inning of Mixing as a Function of Rotational Speed.
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VISCOSITY, lO2cp
-J

Ui 0 Ui 0 Ui C
. p.~i:~~1.i :~1LI iI: .LI:I: .:r:J.::i . -

.

.

- J __
~~

_ . - -

HUIUIJII ~
> hh ,JJj hj Jj J~~

UhJHhJO~
g 

_ _ _ _ _ _ _ _ _  _ _ _  _ _ _  _ _ _ _ _ _ _

Jill 11111 hJ~ ~
w UhJl Ih iIH~~10111001 ~ g

ininia ~-IHh l i l l  0 0uuililli

(~~~ 11]UJ1~~1111111 ~ U’1B1JI1 ~~ o

UlUHUhIllh l ~
0 IIIHIIOIIIIII

0011h IuhhhlI ~~o 

_ _ _ _  _ _ _

UIIIIUUIIIIIUIII ~
rn

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

hil l 11 hhhhhhhhl 111111111 IIIHHIHIII ] fl DI 111111 11]h ]IJflhlflh ]BIIUIB
,‘ ‘IIIUUIHHUHIIIIIII IIUIIU IUI IIIHIHIIUI IHfflIHIHIH ~ 

0

— — 

Ihhhhh1llhhIhhhh hhI 1lUhhhhl1UhIHhhIHIH1H 1hi H Hh1ll 1HI ~~~ 

- - - - - 

-5 -~~~~~~ . - — ~~~ - -- -- - - -  ~~~~~- .--- - ---- .--- - -_-~~~~~~~~~- - - --



-~~ -~~~~~~~-- -— - .  --~~~~~~~~~~~ -- - - -—- --5~~~-~~~~~~~~~~~~~~ , - -. -- —-5- ---~~~~~ - --—- - .-

— ~ ~ .C)~~a • U

0.
C.) 

_ _  _ _
-

~~~~~~~~~~~~ D

2 — ~~~~~~~~~~~~~~ 1

—.1 0 ’ I ’ D !
F— 25-  ~~‘~~E !

— — —°~~~~•~~~ F 1 0

o 10
C) I ii

2 0—  
I

> I fl~
15- 1

/ 
‘7

/
10- /

/
/ ,if.9

I- 0.~ 
/ 

_
lP’~
_ 

~~~ 4~~
— ~Illp._ ~_~~•

— ~, _ ,r,

~~~~~~~~~ ~ øA’1 #~~ ‘ 
• 
.~~

A

__________________________ I ~~L
_ I

1 2 3 4 5 6~TIME , MIN UTES 



VISCOSiTY , lO 2cp
-J 

(~) Ui

—— —~~~~~~ -— I - - - 1 — - -

~II1IJI ~
~~~ JII I H I D ~

~hhhh1Ihh hl ~
Ul ih lhhh Ihl ~

w IlilUllIllIl ~
hIHhh 1 1hhI h I1I l  ~ I.,)

0

flllhh Ihhh I IIU I ~
(~~~~ DUIHIIIUII ~

IUHIJ0000I ~
0 ~1IUh1IJ l1lIJl1Jl ~hhhJl0I0JHUhI H ~ 

-
___________________________________________________

IIIUIIHU1HJUIIUH II I IIIIIH ~
ru HIIIIIIIIIIIIIIHHHIHUJHIIUIII ~IIIIIHIIUIUIIIUHUIIIIII1IHIIUI ~~~ 

- ___________

~~~~~~~~~~~~~~~~~~~~Il1Dh11Hlhlh 1Il11 lIh1I lIIHllfllhhhlIhhhh ] lhIUlhhlll1ll IllH1 lHulhI ~
~1~ !] IIIIIIIII I II1JI1IIII IIIIIIIIIIUIIUIIIIUJIHI H IIH III ~

~
ihhhlllHhlIhhl1h1IIHh!hihIIh J Ih IIhI ~~ -



- -- —---—--—-~~~~~~~~-— --- ---- - - - ~~~~~~~~~~
--- - ---

~~~~~ 
-—--

~~~~~

VISCOSITY, l02cp
-J

Ui 0 Ui 0 Ui 0
- - -- -r -

Illilhhlill ~
> 1H1JlJlH1~~~

________ 
~hhhlUHh1 ~

~J0lHJ0JJ~ ~w IDhIHUlI ~UIIIUUII ~
11111111 ~ -J j ill iH ~ 0

C’) l1hliIh~~1111111 ~ UI

JIIIIIIIIIIUII ~
0 IHUI000III ~flIlUlUllIlO ~ o 

______ __________

U IUUHhhI J uhhhhi ~ii, 1U J U1IhIHhhhhhh i ~

hhIlhhhIHIHhhIlHUIhhhhhIHIUUUHhhJJ1llh1hlU1I1hI]II1HHhh1h1I~l1HiH]JIi]H]]]]U1
~1~ IIIIUUIIIHIhIIIUHIIIUIIIIIIIIU1IUIIIHU]IlIlHhIHHhiHhI ~
- — 

IhhlIHhIII1hIhhIlIlIllU1HHhlHUIilhhhIU11Ul1hI1UI~H 
~~~ 

- - —— - -

L _ _  _  --~~~~~~~~-—
- ,


