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ABSTRACT 

A spec a l l y  des gned spray box was cons t ruc ted  t h a t  a l l o w s  

spray ing  aqueous based f i l m  c o a t i n g  fo rmulas  under c a r e f u l l y  
c o n t r o l l e d  and r e p r o d u c i b l e  c o n d i t i o n s .  

s tud ied  i nc luded :  
a tomiz ing  a i r  pressure,  and spray  r a t e .  

g loss  s o l u t i o n s  were prepared us ing  hydroxypropyl  methyl  c e l l  u lose .  
The v i s c o s i t y  grade, su r face  t e n s i o n  and concen t ra t i on  o f  polymer 
i n  s o l u t i o n  were t h e  fo rmula  v a r i a b l e s  s tud ied .  The su r face  
t e x t u r e  o f  f i l m  coated t a b l e t s  be fo re  and a f t e r  sp ray ing  w i t h  t h e  

g loss  s o l u t i o n s  was analyzed w i t h  a s t y l u s  t ype  su r face  roughness 
analyzer.  
a l s o  assessed by  measurement o f  t h e  t r i s t i m u l u s  c o l o r  d i f f e r e n c e  
ob ta ined f rom c o l o r i m e t e r  read ings  on t h e  t a b l e t s ,  e x c l u d i n g  
versus i n c l u d i n g  t h e  s p e c u l a r l y  r e f l e c t e d  l i g h t  f rom t h e  g lossed 

surface. 

The process v a r i a b l e s  

Aqueous f i l m  c o a t i n g  
spray  d is tance,  d r y i n g  temperature, a i r  cap, 

The e f f e c t  o f  t h e  fo rmula  and process v a r i a b l e s  was 

Wi th in  t h e  ranges o f  t h e  v a r i a b l e s  s tud ied ,  t h e  most 

* 
Presented i n  p a r t  a t  t h e  Academy o f  Pharmaceut ical  Sciences 
37 th  Na t iona l  Meeting, P h i l .  PA, Oct. 28 - Nov. 1, 1984. 
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232 REILAND AND EBER 

s i g n i f i c a n t  e f f e c t s  on t h e  sur face  t e x t u r e  were f rom t h e  nozz le  

s e t  up used and t h e  spray d is tance.  

INTRODUCTION 

F i l m  c o a t i n g  has l a r g e l y  rep laced sugar c o a t i n g  as t h e  

p r e f e r r e d  cho ice  when uncoated tab1 e t s  a r e  u n s a t i s f a c t o r y  f o r  
a e s t h e t i c  o r  f u n c t i o n a l  reasons. The o r i g i n a l  f i l m  coated dosage 
forms were f rom o rgan ic  based s o l v e n t  systems. 

t h e r e  has been a changeover underway t o  aqueous based systems 
p r i m a r i l y  f o r  economic and environmental  reasons. A1 though 
numerous advantages f o r  f i l m  c o a t i n g  versus sugar c o a t i n g  can be 
claimed, t h e  elegance o r  l u s t e r  o f  t h e  f i n a l  p roduc t  i s  

g e n e r a l l y  n o t  one o f  them.’ 
a p p l i c a t i o n  as a f i n a l  coa t  i n  f i l m  c o a t i n g  i n  o r d e r  t o  o p t i m i z e  

t h e  appearance o f  t h e  dosage fo rm i s  commonly needed. 
enhancing t h e  elegance o f  t h e  dosage form, g loss  s o l u t i o n  
a p p l i c a t i o n  t o  f i l m  coated t a b l e t s  can g r e a t l y  f a c i l i t a t e  t h e  

p r i n t i n g  o f  dosage fo rm i d e n t i f i c a t i o n  markings. 
t h i s  work was t o  i n v e s t i g a t e  some fo rmula  and process v a r i a b l e s  
e f f e c t s  on t h e  sur face  t e x t u r e  o f  aqueous g loss  f i l m  coated  
t a b l e t s  t o  p rov ide  a r a t i o n a l  bas i s  f o r  p o t e n t i a l  o p t i m i z a t i o n  o f  

g loss  s o l u t i o n  a p p l i c a t i o n .  
The roughness o f  a su r face  i s  h i g h l y  c o r r e l a t e d  w i t h  t h e  

observed gloss.  S t y l u s  t y p e  su r face  roughness ana lyze rs  p r o v i d e  
a convenient means o f  q u a n t i t a t i n g  changes i n  su r face  t e x t u r e .  3-5 
The a r i t h m e t i c  mean roughness, Ra, i s  a lmost  u n i v e r s a l l y  used i n  
paramet r ic  e s t i m a t i o n s  o f  su r face  t e x t u r e .  A g raph ica l  d e s c r i p t i o n  
o f  Ra i s  i l l u s t r a t e d  i n  F igu re  1.6 The roughness o f  a su r face  
such as t h a t  on a compressed t a b l e t  o b v i o u s l y  cannot be t o t a l l y  
descr ibed w i t h  a s i n g l e  number. Some a d d i t i o n a l  measureable para- 
meters o f  i n t e r e s t  i n c l u d e  Rpm and Rtm. 
of t h e  maximum p r o f i l e  h e i g h t  f rom t h e  p r o f i l e  cen te r  l i n e  ove r  f i v e  
sampling l e n g t h s  (See F igu re  2 ) . 7  Rtm i s  t h e  average, measured 
over  f i v e  consecut ive  sampl ing lengths ,  o f  t h e  maximum peak - to -va l l ey  
h e i g h t  i n  each sampl ing l e n g t h  (See F i g u r e  3 ) . 8  Rpm can be 

considered a peak h e i g h t  parameter and Rtm a peak - to -va l l ey  o r  

More r e c e n t l y ,  

For t h i s  reason, a g loss  s o l u t i o n  

Besides 

The purpose o f  

Rpm i s  t h e  mean va lue  
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AQUEOUS GLOSS SOLUTIONS 233  

A Center Line 

I 
L 

C 

, I  

Center Line 

FIGURE 1. 

(A) Profile with center line 
(6) Lower portions of profile inverted 
(C) Ra is the mean height of the profile 

GRAPHICAL DERIVATION OF Ra 

(Reproduced with permission of the publisher; Rank Taylor Hobson, Leicester, England) 

FIGURE 2. 
Rp,, PEAK HEIGHT PARAMETER 

(Reproduced with the permisssion of publisher; Rank Taylor Hobson. Leicester, England) 
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REILAND AND EBER 234 

1 Assessment Length -4 
Rmax, + Rmaxn + Rmaxs + Rmax4 + Rmax5 

5 
Rtm = 

1 - -  - CRmax, 
5 1 = 1  

FIGURE 3. 
Rtm, PEAKTO-VALLEY PARAMETER 

(Reproduced with permission of publisher; Rank Taylor Hobson, Leicester, England) 

maximum dis tance i n d i c a t o r .  

meaning t o  selected r a t i o s  between surface roughness parameters.’ 

Changes i n  surface t e x t u r e  on f i l m  coated t a b l e t s  as a r e s u l t  o f  
a p p l i c a t i o n  of g loss ing  so lu t i ons  would be expected t o  decrease 
the  Ra, Rpm, and Rtm parameters. 

I n  a d d i t i o n  t o  surface roughness analys is ,  o p t i c a l  methods 
based on t h e  re f l ec tance  p roper t i es  o f  a surface can be p a r t i c u l a r l y  

usefu l  when the v i s u a l  appearance o f  a surface i s  important.  The 

p r i n c i p l e  o f  a g loss meter i s  t o  determine how a p a r a l l e l  beam o f  
l i g h t  i n c i d e n t  a t  an angle on the  surface i s  r e f l e c t e d .  When t h e  
surface i s  p e r f e c t l y  r e f l e c t i v e  a l l  t h e  l i g h t  i s  specu la r l y  
r e f l e c t e d  ( i .e. ,  angle o f  r e f l e c t i o n  equals angle o f  incidence).”  
I n  t h i s  study both roughness and r e f l e c t i v i t y  o f  t h e  g loss  coated 
surface were assessed t o  q u a n t i t a t e  e f f e c t s  o f  t he  formula and 
process va r iab les  on surface tex tu re .  

Rowe has attempted t o  assign a d d i t i o n a l  

EXPERIMENTAL 

To f a c i l i t a t e  t h e  study o f  t h e  i n f l u e n c e  o f  formula and process 
condi t ions on c h a r a c t e r i s t i c s  o f  f i l m  coated tab le ts ,  a specia l  
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AQUEOUS GLOSS SOLUTIONS 235 

A 

U I I  I 
U 

B 

A 

B 

FIGURE 4. 
SCHEMATIC DRAWING OF SPRAY BOX 

(A) Exhaust  filter; 
(6) Rotat ing sample holder; 
(C) Spray gun assembly. 

spray box was cons t ruc ted .  
i n  F igu re  4. The box was cons t ruc ted  o u t  o f  s t a i n l e s s  s t e e l  w i t h  
a removable p l e x i g l a s s  t o p  p l a t e  f o r  v iew ing  o f  t h e  spray  process. 
Any des i red  spray  gun and nozz le  set-up can be e a s i l y  mounted on a 
moveable t r a c k  used t o  a d j u s t  t h e  sp ray ing  d is tance.  
Systems Model 1/4 JAUCO spray gun was used f o r  a l l  g l o s s  s o l u t i o n  
a p p l i c a t i o n s .  Heated i n l e t  a i r ,  conver ted  f rom a pan pour c o a t e r  
opera t ion ,  e n t e r s  t h e  f r o n t  o f  t h e  box. A removeable mesh f i l t e r  
covers t h e  opening t o  t h e  exhaust duc t  work. Temperature and a i r  
v e l o c i t y  c o n t r o l  i n  t h e  range o f  i n t e r e s t  t o  t a b l e t  f i l m  c o a t i n g  
a re  ach ievab le  and rep roduc ib le .  
was used t o  r e v o l v e  t h e  sample h o l d i n g  assembly a t  30 RPM. T h i s  
r e v o l v i n g  speed produces a c a l c u l a t e d  exposure t o  t h e  f l a t  spray  
p a t t e r n  f o r  approx imate ly  t h e  same amount o f  t i m e  as t h a t  seen f o r  
a t a b l e t  i n  a 24 i n c h  Accela-Cota (based on t h e  0.12 second 

The spray  box i s  shown s c h e m a t i c a l l y  

A Spray ing  

A M a s t e r f l e x  Servodyne C o n t r o l l e r  
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236 REILAND AND EBER 

exposure t ime repor ted by Prater,  e t .  a l . ) . ”  To s imulate the  
i n t e r m i t t e n t  exposure o f  a t a b l e t  surface i n  a pe r fo ra ted  pan type 
coat ing system, a Texas Instruments PM 510 Programmable C o n t r o l l e r  
was used t o  c o n t r o l  t h e  spraying process. The spraying was 
s t a r t e d  before t h e  t a b l e t  samples passed through i t  t o  c l o s e l y  
mimic the spraying mode a c t u a l l y  used i n  t a b l e t  f i l m  coat ing.  
A f t e r  each spray a programed d r y  c y c l e  was executed. 
number o f  spray-dry cyc les inc luded i n  the  c o n t r o l l e r  program 
determined the  coa t ing  durat ion.  
simulated i n  the  spray box model. 

twenty run Plackett-Burman experimental design are shown i n  Table 1. l2 
The v i s c o s i t y  o f  t he  coa t ing  l i q u i d s  was measured w i t h  a B r o o k f i e l d  
viscometer. 
surface tensiometer. A l l  g loss coat ings were app l i ed  t o  5/8“ 
round f l a t - f a c e d  placebo t a b l e t s  p r e v i o u s l y  coated i n  a 24 i n c h  
Accela-Cota w i t h  an aqueous hydroxypropyl methylcel  l u l o s e  based 
coat ing.  
i n i t i a l l y  i t  was f e l t  a l l  o f  t h e  l i s t e d  independent va r iab les  
could p o t e n t i a l l y  be impor tant  and s u f f i c i e n t  degrees o f  freedom 
f o r  es t ima t ing  experimental e r r o r  were desired. 
t a b l e t  f rom each o f  these twenty runs was analyzed f o r  i t s  sur face 
roughness and r e f l e c t i v i t y .  
Roughness Analyzer and at tached Parameter Module were used t o  
ob ta in  Ra, Rpm, and Rtm surface roughness parameters. A t  l e a s t  
s i x  measurements were taken on each t a b l e t  us ing an inst rument  
c u t - o f f  value o f  0.8 microns. The c u t - o f f  value determines t h e  
actual  s i ze  o f  t h e  sampling l e n g t h  on the  t a b l e t  surface. 

obtained using a MacBeth 1500 Color Measurement System. 
s t imulus c o l o r  values us ing  t h e  C I E  LAB c o l o r  coord inate system 
were measured on each t a b l e t ,  f i r s t  exc lud ing then i n c l u d i n g  t h e  
specular ly  r e f l e c t e d  l i g h t  component. 
i t s  own c o l o r  c o n t r o l  t he  c o l o r  d i f f e r e n c e  value obtained between 
t h e  two measurements i s  e x c l u s i v e l y  due t o  r e f l e c t e d  l i g h t .  
t o t a l  c o l o r  d i f ference,AE,  obtained from measuring a f l a t  t a b l e t  
i n  t h i s  manner was a very reproducib le  i n d i c a t i o n  o f  t h e  r e f l e c t i v i t y  
o f  the t a b l e t  surface. 

The t o t a l  

Tablet  t o  t a b l e t  contact  i s  n o t  

The independent va r iab les  i n  an i n i t i a l  screening study us ing  a 

Surface tens ions were determined us ing  a Rosano 

The twenty run Plackett-Burman design was chosen because 

A g loss coated 

A Taylor-Hobson Sur t ron i c  3 Surface 

A measure o f  t he  r e f l e c t i v i t y  o f  t h e  g loss coated t a b l e t s  was 
The tri- 

Since each t a b l e t  serves as 

The 
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AQUEOUS GLOSS SOLUTIONS 

TABLE 1 

2 3 7  

Plackett-Burman Experimental Design Var iables 

Independent Va r i  a b l  e Low Level High Level 
1. Hydroxypropyl Methycel l u l o s e  5 cps 15 cps 

V i s c o s i t y  Grade (2% @ 20' C) 

2. Concentration o f  F i l m  Former 2% (w/v) 5% (w/v) 
3. Spray Distance 6 I' 10" 
4. Dry ing Temperature 40' C 60' C 

5. A i r  Cap* 67 228- 45 134255-45 
6 .  Atomizing A i r  Pressure 20 P S I  50 P S I  
7. Spray Rate 50 ml/min 100 ml/min 
*Spraying Systems, Inc. (2850 F l u i d  Nozzle was used i n  a l l  runs.) 

Table 2 conta ins the  independent va r iab les  and l e v e l s  used i n  
a r e p l i c a t e d  d5-l) h a l f  f r a c t i o n a l  f a c t o r i a l  study t o  f u r t h e r  

de f i ne  s i g n i f i c a n t  ~ a r i a b 1 e s . l ~  This  experimental design was 
chosen t o  prov ide est imates o f  two f a c t o r  i n t e r a c t i o n  e f f e c t s  t h a t  

may be impor tant  i n  t h e  g loss s o l u t i o n  spraying. 
of t he  study a f i x e d  combination o f  f l u i d  nozzle and a i r  cap was 
used tha t ,  based on t h e  screening study resu l t s ,  was expected t o  
f a c i l i t a t e  spraying t h e  g l o s s i e s t  f i l m s  possible.  

o f  hydroxypropyl me thy l ce l l u lose  (HPMC) was held constant a t  3% (w/v), 
bu t  the v i s c o s i t y  grade o f  polymer was again i nves t i ga ted  as i n  

the  screening study. 
surface tens ion o f  t h e  coat ing l i q u i d  was s tud ied by i n c l u d i n g  the  
presence o f  0 .1% B r i j  30 su r fac tan t  as a formula va r iab le .  Th is  
su r fac tan t  produced coa t ing  l i q u i d s  w i t h  surface tensions i n  t h e  
range o f  26-29 dynes/cm2. 

concentrat ions o f  HPMC ranging from 1 t o  8% (w/v) t o  examine more 

c l o s e l y  the e f f e c t  o f  polymer concentrat ion over t h i s  wide range. 
Simple so lu t i ons  o f  t h e  5 cps v i s c o s i t y  grade o f  HPMC i n  d i s t i l l e d  
water were sprayed under i d e n t i c a l  cond i t i ons  i n  the  spray box 

I n  t h i s  p o r t i o n  

The concentra- 

I n  addi t ion,  t h e  e f f e c t  o f  vary ing the  

F i l m  coated t a b l e t s  were a l so  g loss coated us ing s o l u t i o n  
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238 REILAND AND EBER 

TABLE 2 
Half Fractional Factorial Study 

Independent Variable Low Level 

2. Spray Rate 75 ml/min 
1. Drying Temperature 4 5 O  c 

3. Hydroxypropyl Methylcellulose 5 cps 
Viscosity Grade (2% P 20° C ) *  

4. Spray Distance 6.5 inches 
5. Brij 30 Surfactant Level 0% 

* 3% (w/v)  aqueous solutions were used i n  a l l  t r i a l s  

High Level 

150 ml/min 
60' C 

15 cps 

10 inches 
0.1% 

onto film coated placebo tablets and Ra values measured. 
spraying conditions used were 150 ml/min spray rate,  60° C drying 
a i r ,  60 PSI atomizing a i r  pressure, 6.5 inch spray distance, and a 
Spraying Systems 35100 fluid nozzle w i t h  a 134255-45 deg. a i r  cap. 

The 

RESULTS AND DISCUSSION 

The results of the Plackett-Burman experimental design using each 
of the roughness parameters and the color difference,AE, as the 
dependent variables are summarized i n  Table 3. 
and reflectivity measurements agreed quite closely. Air cap, spray 
distance, and drying temperature were the three variables calculated 
t o  be significant a t  the 90% confidence level. The effect  on tablet  
gloss, as measured byAE, is negative compared t o  the effect  on surface 
roughness parameters. 
w i t h  increasing smoothness, while the stylus measured parameters get 
smaller i n  magnitude under similar conditions. 

two of the glossed tablets  from the in i t ia l  Plackett-Burman 
experimental design are shown in Figure 5. Profile A i s  represent- 
ative of the surface texture present on the film coated tablets  before 
any of the gloss solution applications were applied. 

Roughness analysis 

This, of course, results from AE increasing 

Surface profiles from a color film coated unglossed tablet  and 

The tablet  from 
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AQUEOUS GLOSS SOLUTIONS 239  

TABLE 3 
Plackett-Burman Results 

Summary o f  E f f e c t s  on Surface Texture 

E f f e c t  on Surface Parameter: 

Independent Var iable  R i l R p m e  A E  
1. V iscosi ty  Grade 0.01 0.29 0.66 -0.01 
2. Concentration 0.06 0.47 1.15 -0.04 
3. Spray Distance 0.21* 0.56 1.26* -0.38* 
4.  Drying Temperature 0.19* 0.63* 1.01 -0.25* 
5.  Air Cap -0.45* -1.43* -1.89* 0.79* 
6 .  Atomizing Air Pressure -0.02 0.02 0.08 0.17 
7 .  Spray Rate -0.06 -0.19 0.84 0.15 
* Indicates a ca lculated s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t  a t  the  90% 

confidence l e v e l .  

A 

C 

FIGURE 5. 
SURFACE PROFILES 

(A) Unglossed tablet; 
(6) Gloss coated tablet with dull appearance; 
(C) Shiniest gloss coated tablet. 
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240 REILAND AND EBER 

p r o f i l e  B a c t u a l l y  appeared j u s t  as d u l l  a f t e r  g l o s s  s o l u t i o n  
a p p l i c a t i o n  as i t  d i d  i n i t i a l l y .  P r o f i l e  C shows t h e  d e s i r e d  

smoothing e f f e c t  on t h e  su r face  t e x t u r e  expected f rom g l o s s  s o l u t i o n  

a p p l i c a t i o n .  

2.8, 2,3, and 1.6 mic rons  f o r  p r o f i l e s  A, B, and C r e s p e c t i v e l y .  

sh iny  g loss  coa t ing .  
cap has a much l a r g e r  annu lar  o r i f i c e  t h a t  would r e s u l t  i n  a h i g h e r  
a i r  volume and v e l o c i t y  a t  a g iven  a tomiz ing  a i r  pressure.  
l a r g e r  r a t i o  o f  a i r  t o  c o a t i n g  l i q u i d  p rov ided  by  t h e  b i g g e r  annu la r  
o r i f i c e  would produce sma l le r  s i zed  d r o p l e t s  t h a t  impact t h e  t a b l e t  
su r face  a t  h ighe r  v e l o c i t i e s .  Another s i g n i f i c a n t  f a c t o r  due t o  t h e  

a i r  caps would be seen i n  t h e  r e s u l t i n g  spray  pa t te rns .  
i n v e s t i g a t e d  i n  t h i s  study, t h e  l a r g e r  annu la r  o r i f i c e  would be 
expected t o  produce a narrower more concent ra ted  spray p a t t e r n .  

F igu re  6 shows scanning e l e c t r o n  photomicrographs cor respond ing  t o  
t h e  sur faces  t h a t  produced t h e  p r o f i l e s  seen i n  F igu re  5. The 

smoothest sur face  was ob ta ined f rom t h e  l a r g e s t  annu la r  o r i f i c e  a i r  
cap a t  t h e  s h o r t e s t  spray  d i s tance  and lowes t  d r y i n g  tempera ture  used 

f o r  spraying. The d u l l e s t  t a b l e t  was ob ta ined  w i t h  t h e  sma l le r  

o r i f i c e  a i r  cap a t  h i g h e r  d r y i n g  temperature and a l o n g e r  spray  
d is tance.  These l a t t e r  c o n d i t i o n s  a r e  those most conducive t o  spray  

d ry ing .  For minimum su r face  roughness (maximum g loss iness ) ,  i t  

appears t h a t  i t  i s  necessary t o  g e t  t h e  c o a t i n g  d r o p l e t s  t o  t h e  
t a b l e t  sur face  and a l l o w  t h e  d r o p l e t s  t o  spread and coa lesce i n t o  a 
un i fo rm f i l m  be fo re  t h e  s o l v e n t  i s  t o t a l l y  evaporated. 

It i s  i n t e r e s t i n g  t o  no te  t h a t  n e i t h e r  o f  t h e  fo rmula  v a r i a b l e s  

( v i s c o s i t y  grade o f  HPMC and concen t ra t i on  o f  HPMC) was found t o  be 
s i g n i f i c a n t  i n  t h e  ranges s tud ied .  

i n  t h e  screen ing  s tudy  d i f f e r e d  s i g n i f i c a n t l y  i n  v i s c o s i t y .  
v i s c o s i t y  o f  t h e  2% HPMC 5 cps c o a t i n g  l i q u i d  was about 20-30 cps. 

A t  t h e  o t h e r  extreme, a 5% concen t ra t i on  o f  HPMC 15 cps c o a t i n g  
l i q u i d  has a v i s c o s i t y  approx imate ly  10 t imes  h ighe r .  The su r face  
tens ion  o f  a l l  t h e  c o a t i n g  l i q u i d s  i n  t h e  screen ing  s tudy  were i n  t h e  

range o f  40 t o  50 dynes/cm2. The l a c k  o f  s i g n i f i c a n c e  o f  any o f  
t h e  fo rmula  v a r i a b l e s  was n o t  expected. 

The Ra values measured from these 3 p r o f i l e s  were 

A i r  cap was t h e  most s i g n i f i c a n t  v a r i a b l e  i n  p roduc ing  a smooth,. 

O f  t h e  two a i r  caps examined t h e  134255-45 a i r  

The 

A l though n o t  

The c o a t i n g  l i q u i d s  i n v e s t i g a t e d  
The 
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AQUEOUS GLOSS SOLUTIONS 241  

FIGURE 6. 
SCANNING ELECTRON PHOTOMICROGRAPHS 

(A) Unglossed tablet; 
(B) Gloss coated tablet with dull appearance; 
(C) Shiniest gloss coated  tablet. 

To f u r t h e r  i n v e s t i g a t e  t h e  p r imary  e f f e c t s  o f  t h e  fo rmula  and 
process v a r i a b l e s  t h e  r e p l i c a t e d  d 5 - l )  h a l f  f r a c t i o n a l  f a c t o r i a l  
s tudy  was performed. The r e s u l t s  f o r  t h e  h a l f - f r a c t i o n a l  f a c t o r i a l  
s tudy  a re  shown i n  Table 4. The exper imenta l  des ign  p rov ided  t h e  
c a p a b i l i t y  o f  e s t i m a t i n g  t h e  s i g n i f i c a n c e  o f  two f a c t o r  i n t e r a c t i o n s  

as w e l l  as t h e  p r imary  e f f e c t s  o f  t h e  v a r i a b l e s  s tud ied .  The e f f e c t  
o f  spray  d i s tance  i n  t h e  f a c t o r i a l  s tudy  was t h e  o n l y  s t a t i s t i c a l l y  

s i g n i f i c a n t  v a r i a b l e  on bo th  su r face  roughness and r e f l e c t i v i t y  
measurements on t h e  glossed t a b l e t s .  
r a t e  were a l s o  s i g n i f i c a n t  when& was t h e  dependent v a r i a b l e  
measured. There i s  i n h e r e n t l y  more v a r i a t i o n  i n  t h e  measurement o f  

sur face  roughness parameters than i n  t h e  measurement o f A E  w i t h  t h e  
co lo r ime te r .  The roughness parameters a r e  determined f rom a s t y l u s  

D r y i n g  temperature and spray 
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2 4 2  REILAND AND EBER 

TABLE 4 
H a l f  F rac t i on  F a c t o r i a l  Resul ts 

Independent Var iables 

1. Drying Temperature 

2. Spray Rate 
3. HPMC V iscos i t y  Grade 
4. Spray Distance 
5. B r i j  30 Sur factant  Level 

E f f e c t  on Surface Parameter: 

- Ra AE 
-0.10 -0.51* 

-0.08 0.41* 
0.03 -0.06 
0.56* -0.89* 
-0.06 0.09 

Two Factor I n t e r a c t i o n s  
Temperature x Spray Distance 0.18 -0.35* 
Spray Rate x Spray Distance 0.04 0.27* 

* Ind icates a ca l cu la ted  s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t  a t  t h e  95% 
confidence l e v e l .  

type pickup drawn i n  a s ing le  l i n e  across t h e  surface and would be 

expected t o  vary somewhat across t h e  face o f  a t a b l e t .  The specular 

r e f l e c t i o n  measured from the  f l a t  surface o f  a t a b l e t  i s  a r e s u l t  o f  
t he  e n t i r e  r e f l e c t i n g  surface exposed f o r  measurement. The g rea te r  
p rec i s ion  af forded by the co lo r ime te r  readings could account f o r  t h e  

de tec t i on  o f  more s i g n i f i c a n t  va r iab les  when AE i s  t he  dependent 
var iab le.  

Two s i g n i f i c a n t  i n t e r a c t i o n  e f f e c t s  were detected (p=0.05) i n  

The i n t e r a c t i o n s  between spray d is tance and temperature 

the  r e p l i c a t e d  f a c t o r i a l  study when AE was used as the  dependent 
var iable.  

and spray r a t e  and temperature were ca l cu la ted  t o  be s i g n i f i c a n t .  
i s  o f t e n  the  case, t h e  important i n t e r a c t i o n  e f f e c t s  i nvo l ved  the  
same var iab les t h a t  demonstrated the  g rea tes t  pr imary e f f e c t s  as 
we l l .  The i n t e r p r e t a t i o n  o f  t he  pr imary e f f e c t s  when s i g n i f i c a n t  

i n t e r a c t i o n s  are detected w i t h  the  same va r iab les  must be made 
caut ious ly .  l4 The spray d is tance x temperature i n t e r a c t i o n  i s  
an i n d i c a t i o n  o f  some degree o f  spray dry ing.  
i n t e r a c t i o n  between spray r a t e  and d is tance i n d i c a t e s  t h e  b e n e f i c i a l  

e f f e c t  o f  h igher  spray ra tes  t o  produce g l o s s i e r  t a b l e t s  was more 
pronounced a t  t he  longer  spray distance. 

As 

The o t h e r  impor tant  
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FIGURE 7. 
ROUGHNESS VERSUS GLOSS 
SOLUTION CONCENTRATION 
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244 REILAND AND EBER 

The r e s u l t s  o f  t h e  h a l f  f r a c t i o n a l  f a c t o r i a l  study f a i l e d  t o  
demonstrate the e f f e c t  o f  any formula va r iab les  examined on the  
surface tex tu re  o f  t he  glossed t a b l e t s .  

t h e  i n i t i a l  screening study. The e f f e c t  o f  i nc reas ing  concentrat ions 
o f  t he  HPMC over the  broad range o f  1 t o  8% (w/v) was examined t o  at tempt 
t o  determine a t  what l e v e l  o f  polymer t h e  coa t ing  l i q u i d  formula 

would become an impor tant  f a c t o r  i n  t h e  r e s u l t i n g  sur face t e x t u r e  on 
g loss coated t a b l e t s .  F igure 7 shows g r a p h i c a l l y  t he  response o f  

surface roughness (R,) t o  the  i nc reas ing  concentrat ion o f  HPMC i n  

so lu t i on .  
concentrat ion range from 1 t o  5% (w/v) HPMC, which probably  covers t h e  
range considered f o r  p r a c t i c a l  app l i ca t i ons ,  bu t  r i s e s  sha rp l y  a t  

h igher  concentrat ions.  It i s  c l e a r  t h a t  i f  a wider concentrat ion 
range had been stud ied i n  the  screening and f a c t o r i a l  s tud ies  t h e  

e f f e c t  o f  concentrat ion would have demonstrated more importance. 

i n f l uence  o f  t a b l e t  t o  t a b l e t  contact  t h a t  i s  present t o  a l l  types o f  

product ion coa t ing  equipment. 
t h a t  coat ing cond i t i ons  t h a t  avoid t h e  extremely r a p i d  d r y i n g  o f  t he  

sprayed d rop le ts  o f  coat ing l i q u i d  tend t o  produce the  most e legant  
appearing t a b l e t s .  However, these coa t ing  cond i t i ons  which enhance 

the poss ib le  appearance o f  the i s o l a t e d  i n d i v i d u a l  t a b l e t s  are the  

same condi t ions t h a t  could generate p o t e n t i a l  compl icat ions w i t h  

s t i c k i n g  and p i c k i n g  between t a b l e t s  i n  a coat ing pan. 
operat ing range f o r  opt imal aqueous g loss coa t ing  l i q u i d  a p p l i c a t i o n  
may be q u i t e  narrow. 

This  was i n  agreement w i t h  

The roughness i s  n o t  de tec tab ly  d i f f e r e n t  over t h e  

No attempt was made i n  t h i s  study t o  i nc lude  the  compl icat ing 

The r e s u l t s  presented here i n d i c a t e  

The p r a c t i c a l  
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