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INTRODUCTION

This project wae undertaken to find suitsble method
or methods for the preparation of spray dried colloidal
substances, in an effort to improve their physical and
pharmacological properties, Spray drying has been found
useful in producing pharmaceutical substances in a dried
form which is free flowing, more easily wetted, and upon
dispersion yleld a stable monodispersion. Since spray
drying ylelde powders of smaller particle size and hence
of larger surface area, we might expect an inoreased
pharmacological activity, Solubility of a substance
also depends upon the surface area exposed to the solvent
and 1t will be quite legitimste to expect that spray
dried subetances would go into solution much quicker
than the same substance before spray dried,

The wetting and dispersing characteristice of the
spray dried powders can be improved by adding some sur-
face active agente to the slurry before being -apray
dried, Use of protective colloide would stabilize the
suspension upon redispersion of powders. The redis-
persion can be made without much difficulty. The sprey
dried powder will be coated with an extremely small,



but significent amount which would prevent or slow down
the settling of the original material,

Spray drying 18 an useful means to obtaein powder
free from aggregates, Such a type of powder ig very use-
ful trom?bh&rmaceutlual point of view,

Rate of sedimentation varies directly with the par-
ticle size., According to the Stoke's law the sedimenta-
tion rate ig directly proportional to the square of the
particle's radius considering the particle to be spheri-
cal in eize, An aggregate of particles actsas if 1t were
a single partiecle of large radius and hence the rate of
sedimentation is greatly enhanced over that of a single
particle, The common tools available to a pharmacist,
e.g., the morter and pestle, the spatula, and the muller
are not quite effective to break up aggregation even
with the use of dispersing agents,

It has been established that the surface area is
an important phyeical charscteristic of a drug, especielly
a8 an index of the rate of solubllity and therapeutic
activity.

Thus the problems encountered were:

(1) to find suitable manufacturing methods to prepare
colloidal Sulfur;
(2) to find optimum percentage of Tragacanth and Methyl

cellulose as protective colloids and dispersing agents;



(3) quantitative determinations of the substances in
presence of protective colloids in the spray dried
products;

(4) to correlate the particle size of spray dried Sulfa-
thiazole with the concentration of it in solution when
spray dried;

(5) to compare the rate of solution of spray dried

Sulfathiazole with that of the U,S,P, sample.



COLLOIDAL SULFUR

It has been already established thafﬂ:pray drying
procesgs is useful in improving physical characteristios
of druge. Increase in the rate of solution of the powders
ie one of the properties improved by spray drying. It
ie also possible to obtain spray dried colloidsl sulfur
which would rorﬁahoncdisparaad suspension, *

The first part of the work wse mainly concerned
with duplicating the previous work done by Mr, Riegelman
in thie department, The spray dried colloidal sulfur
obtained before developed an odor of hydrogen sulfide
on keeping. It was, therefore, necessary to find the
cause of this odor snd rectify it.

One of the probable reassons wes thought thet
the odor of hydrogen'sulfide wag produced due to the
action of certain sulfur bacteria, e.g., Thiobacteriales.
The spray dried materisl always contains considerable
amount of moisture unless kept in a vacuum desiccator

after spray drying. Thie assumption proved correct,

* FPor detalls regarding previous work reference may be
made to the Ph.D, thesis of Sidney Rilegelman at
this University.



Method A - Batches of colloidal sulfur were prepared
according to the methed worked out by the previocus
worker, employing sodium thiosulfate and hydrochloric

acid, tragacanth being used as suspending agent,

es r chloride 1 « The usual silver nitrate test
for chloride ions in presence of colloidal sulfur was
found particularly difficult - almost an impossible
proposition, The following different methods were tried
with some success:

(1) 15 ce. of colloidal suspension of sulfur was taken
in an evaporating dish and carefully heated over a dull
flame to oxidize the sulfur to sulfur dioxide, The
heating wae done ineide the hood and took about half an
hour, The residue was digested with water and filtered.
The solution was acidified with nitric acid and tested
for chloride ion with silver nitrate solution, The test
sometimes gave brownish black precipitate on addition
of silver nitrate, which was supposed to be silver
sulfide,
{2) About 10 ce. o;ﬂzalleidal suspension were taken and
centrifuged for half an hour in a Sorvell type centri-
fuge. The clear liquid from the top was taken out care-
fully, acidified with nitric acid, and then tested for
chloride with silver nitrate solution. This test was

found unsuitable since it always gave & brownish black

precipitate of silver sulfide,



(3) The sulfur present in the suspension was tried to be
oxidized to sulfur dioxide by making the solution alka-
line, adding sodium peroxide and heating to drynees in
a low flame. The results were not quite satisfactory.

Four batches of colloidal sulfur prepared in the
above procedure were combined together and spray dried,
The inlet temperature was kept at 400° F (= 205°C).

The temperature inside the chamber stayed between 65°-
68°C. The slurry was pumped up to the feed of the
atomizer. In order to obtain a steady flow, an empty
200 oe. round-bottom flask attached to an inverted T-
tube wae interposed in the feed line. This device took
care of the back pressure and the feed was continuous,
The feed rate could be varied by ecleosing or opening the
needle valve, The feed rate of the slurry was kept at
about 10-~15 cc. per minute, The feed rate was 8o
controlled that no liquid slurry would collect on the
wall of the spray dryer., However, it was found quite
difficult to keep the wall dry at all times,

As soon as the spray drying was over, the col-
lecting vessel was removed and the spray dried product
taken out and kept in a vacuum desiccator for several
days to get rid of the last traces of molsture. After
a week the powders were taken out of the desiccator
and kxept in bottles. Even after several months no

odor could be detected.



A method was devised to dlalyse large quantities
of solutione. Four wire screens, 1#' in dismeter, were
taken, each with two holes 1" in diameter. The soreens
were arranged one on top of the other and were fixed %o
s ring stand, About 10' of dialysing sac was arranged
spirally on the screens thus permitting a greater volume
of liquid to be dialysed, The whole set-up, screens,
ring stand, and the sae was placed inside a 10 gallon
erock. The dlalysing sac was Tilled with the suspension
of ecolloidal sulfur to be dialysed and the dialysation
was carried out against distilled water. The set-up was
not found to be too useful since the sac used was not
strong enough to hold so much of the liquid, the wire
gsoreens Tormed rust in water, and the ferric lons d4if-
fused into the sac giving a brownish color to the sus-

peneion,

Method B - Since dialysing large quantities of solutions
became & problem, other methods were sought to avold 1%,
One of these methods was to use methyl cellulose which
could be cosgulated by heating. This coagulum could

be collected on a filter, washed with hot water, there-
by removing impurities of the reaction. The coagulum

would then redisperse in cold water and would once agein



reproduc@%ﬁono«disparsed sulfur suspension. Working
with this method, it wae observed that much of the finer
colloidal meterials were lost while filtering the coag-
ulated uuapannion?‘ The concentration of methyl cellulose
4000 ¢.p.s. was raised from 0.5% to 1%. Even then it
wag not found to hold all the colloidal particles, Fur-
ther ralse in the concentrstion of methyl cellulose was
not attempted as it would decrease considerably the con-
centration of sulfur in the final product., Five 1 liter
batches were made by this method and spray dried., The
spray dried product was found to be quite fluffy in
nature and when redispersed in water gave mostly mono-

diepersed particles,.

Method C - Attempts were made to utilize some other
methods in which dialysation would not be necessary and
also the colloidal sulfur could be obtained without much
difficulty. Special attention was given to the method
which could be used for manufacturing purposes. Thus,
it was found that the method utilizing sulfur dioxide
and hydrogen sulfide to prepare colloidal sulfur could
be used without much difficulty.’ |

% This method of purifying colloidal suspensions has
been reported in literature and a U.8, patent no.
1,444 257 (February, 1923) issued to L. Lillienfeld,
Poland,



This method has been worked out before. According
to H, Vogel, the two gasee, sulfur dioxide and hydrogen
sulfide, are passed simultaneously into water containing
a protective colloid. The hydrogen esulfide is kept in
excess in order to incresse the yield of colloidsl sul-
fur and to reduce the formstion of polythioniec acide,
The size of the psrticles depende on the temperature of
the 1liquid, and is less than 25 Pp when the temperature
18 kept between -3° end 4°C, However, Harry 8. Young, to
whon a patent wae issued (U,8, 1,917,351, July 11), pre-
fers to use sulfur dioxide in such a manner that a

glight excess is maintained in the reaction mixture,

Chemistry of the reaction - The final products of the
reaction between hydrogen sulfide and sulfur dloxide

are sulfur and water, The reaction can be represented:

2He8 + 805 = 38 + 2Hg0

The polythionic scide are the intermediate products.

Methyl cellulose 4000 c.p.s. was used as proteo-
tive colloid. Different concentrations of methyl cel-
lulose were tried, The object wes to find the lowest
concentration of methyl cellulose which would give ade-
quate amount of protection. It was observed thaé?ﬁus-
pension containing ss low as 0,5% methyl cellulose would
give sufficient protection. Batches were made in whieh

hydrogen sulfide was kept in excess and in others sulfur
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dioxide wes kept in excess, and the colloidality of the
sulfur obteined wes compared, There was no aporeciable
4ifference in the colloidal suspension, However, sfter
the suspensions were spray dried, the one containing
excess hydrogen sulfide gave out less odor than the other.
It wes assumed that the odor was due to the adsorbed
sulfur dioxide on the spray dried powder.

The golubility of hydrogen sulfide in water is
0.7063 gram and that of sulfur dioxide 1s 22,83 grams
per 100 grams of water at 0°C, Batches were prepared
containing enocugh of hydrogen sulfide in solution and
equivalent amount of sulfur dioxide according to the

equation:
2Ha8 + 80, = 2Ha0 + 38

Quantitative estimations were made on samples to find
the total solid ecnt;nt since, for effective spray dry-
ing of sulfur slurrys, at least 1.5 - 2,0% of total
80114 content is necessary, The total so0lid content was
found to come out as low ae 0,75 - 0,84, Thus, it was
necessary to use hydrogen sulfide in excess ot the amount
that goes into solution,

11,750 cc. of distilled water were taken in a five
gallon orock equipped with a stirrer (Waco, 1/16 h.p.).
The erock was put inside a bigger vessgsel and the space

in between was filled up with ice., After about half an
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hour when the temperature of the water came down to 8°C,
hydrogen sulfide was passed in through two gas disper-
gion tubes for an hour, It was assumed that the water
became saturated with hydrogen sulfide by that time.

1,250 ce. of methyl cellulose solution contalning 75 grams
of methyi}oelluloso, 4000 o.p.8. were added to the mix-
ture and the stirring continued for another fifteen min-
utes, Hydrogen sulfide wae passed continuously, 2000 ce,
of sulfur dioxide saturated water at 3°C were added to
the mixture, 200 ce. were added in each addition at
intervale of half an hour, After all the solution wae
ueed up, the mixture wae stirred for one hour more and
then let stand 11l the next day. Adding 200 cec. of sul-
fur dloride saturated water each time, there always
remained exeess of hydrogen sulfide in the mixture., The
whole operation wes -carried out inside the hood .

Next day the mixture wae filtered through cheese
cloth 20 that any ef the larger particles of sulfur were
separated from the mixture. The suspension was now
almost white and emelled of the excess hydrogen sulfide,
Before the guepension wae epray dried, alr was bubbled
through it for two hours to get rid of some excess hydro-
gen sulfide, However, this was not found %o be a too

JOL
gsatisfactory method.
The svray drying was scocomplished in the usual

wsy. The inlet temperature was kept at 350°F, The soray
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dried product was of light yellowish color and gave a
11ttle odor of burnt sulfur, The powder was kept inslde
e vacuum desiccator for several days. The powder was
then taken out and spread thinnly over a glass plate and
kept outeide. In a few days most of the odor seemed %o
have gone,

The spray dried powder, when taken up in water
and & little glycerine, stayed in suspension for several
weeks . together, Even after that just a 1ittle shaking
was necessary to get back the suspension,

Several batches were made following the above pro-
cess and the product came out quite uniform in ite color,
particle size, and in sulfur content, However, several
factors determine the colloidality of the suspeneion.

It wae observed that if the addition of sulfur dioxlde
gsaturated water is made drop by drop, the color of the
solution turne yellow showing the prepondrance of larger
particles, Temperature is another vital fector. The
lower the temperature, the higher the colloidality of
the particles was observed, However, the lowest temper-
sture that could be obtained with the set-up worked with
was 8°C,

Tragacanth was tried instead of methyl cellulose
gsince it was found to be more viscous on per cent weight
basis. A 13 liter aqueous solution of tragacanth

a
(0.5%) was made up and cooled over night in,refrigerator,
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The procedure Tollowed has alreedy been described. One
advantage of using tragacanth ie that 1t does not foam
as much as methyl cellulose solution when gas 18 passed
into the solution., It is for this reason that one can
start witﬁ?tragauanth solution instead of pure water
where methyl cellulose is used.

The yield of the powder after spray drylng was
2bout 100 gramg for every 15 liter bateh, Much of the
aulfur was lost as it formed scales on the wall of the

gpray dryer,

Assay for sulfur in the spray dried sample - The method
of assay prescribed by the U.8.P, XIII for Precipitated

Sulfur with some modifications was used, After addition
of alcoholie potassium hydroxide it was necessary to
heat the mixture for about an hour and let stand for
overnight %o dlssolve out all the sulfur. The clear
solution was decanted off and the residue in the flask
washed with more water. The washings were sdded to the
earlier solution, Two to three washings were necessary.
Again, after scidification and before diluting with
water, the solution was filtered to get rid 6? some of
the white precipitate formed due to the presence of
methyl cellulose., The filter paper was washed a couple
of times to be sure no sulfate was lost., The filtrate

was diluted with 200 ce, of water and the assay followed
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agccording to the directions. The sulfur content of the
gpray dried material came uniformly as much as 74 - 75%

in contraet to 66 - 69% in samples obtained by following
Methods A and B,
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AMMONIATED MURCURY

It wae observed that the spray dried Ammoniated
Mercury prepared by the previous worker gave conflicting
results when the substance wee subjected to bacterio-
logical tests, However, the paste obtained from centri-
fuging the slurry of ammonlated merocury before apray
drying was bascteriologically superior to the ammoniated
mercury U.8.P,

It was firet thought that the method of preparsa-
tion mey have something to do with it, Different methods
of preparation with different concentrations of methyl
cellulose 4000 ¢,p.s. ranging from 0,25 - 1% were used,
Small batches were prepared and the particle sizes and
the amount of aggregation were compared by observing
through the microscope. It was found that 0,.5% of methyl
cellulose 4000 e.p.s. was sultable to reduce aggregation,

The resction essentially is:

Hglls +2NHOH = NH, 01 + HgNHgCl + 2Hg0

Hovever;tﬁonsultingAlitorature it was felt that
the reaction ie not as simple s2e it seems to be, It
hae been reported that®’'®’'*® HgNH4Cl is not the only mer-
cury compound formed by the interaction of HgClp and
NH4OH, Other compounde like HgClg.2NHy, Hglly. NHgHgCl,
(HggNCl)g.HgCly, are also formed.
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Metho f Preparat

Eight grame of methyl cellulose 4000 e¢.p.s. were
dissolved in 400 ce. of water and then 9.2 cc, of ammon-
ium hydroxide (28% w/v) were added to 1t. The solution
was then made up to 600 ce., and stirred by an electric
stirrer, At the same time it was cooled by keeping in
an ice-bath,

Ten grams of Mercuric Chloride (Merck) were dis-
solved in 400 cc. of water, This solution wes also
cooled in the ice-bath,

This eolution of mercuric chloride was added to
the former one, 5 cc. in each addition at an interval of
5 minutes. ?he resultant solution was white and quite
viscous, A drop of the suspension when observed under
the high power lens of the microscope showed the presence
of very minute particles with brownian movement. There
was no aggregation of paftiolea.

Efforts were mede to increase the concentration of
emmoniated mercury by starting with larger quantities of
merouric chloride and ammonium hydroxide. It was possible
to start with 20 grams of mercurie chloride and equiva-
lent amount of ammonium hydroxide for 800 sc. of final
solution., The method followed was the same except thlt
the mercuric chloride solution had to be heated in order
to get all the solid into solution and was then rapidly

gcooled.
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The order of sddition was slso reversed to find
out whether there was sny advantage in adding ammonium
hydroxide to mercuriec chloride solution in methyl cel-
lulose. The resultant mixture was the same white,semi-
viaoo;:;.:;z'the particles under the microscope looked
the same as before, Thus, there 18 no special advantage
in reversing the order of addition,

The slurry as obtained after the reactlion was cen-
trifuged in a Sharples super-centrifuge. The solid phase
wee obtained as & paste form and weighed 8 grams for an
800 occ. bateh, The wash was slightly whitish at first
showing that it was not possible to separate completely
all the suspended ammoniated mercury particles., These
particles were evidently smeller than 15 mu in diameter
as the machine is intended to retain 21l particles up to
15 ﬁp.when operated at 50,000 revolutions per minute,

The paste obtained was dried in a vecuum desiccator
for several days and then assayed for ammoniated mercury
by the process given in B,P, (1932) and found to contain
98,.46% which compares favorsbly with the Ammoniated
Mercury U.8.P,

A b liter batch of the ammoniated mercury slurry
was epray dried at 400°F, The spray dried product was
very fluffy.

S8ince we started with 75 grams of mercuric chloride,

in the reaction mixture we should have about 73 grams of
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ammoniated mercury, 20 grams of methyl cellulose, and

15 grams of ammonium chloride. Thus, in the spray dried
powder the concentration of ammoniated mercury should hove
bcavoﬁ. The assay was run on the spray dried powder and
1t wae found to contain 52.3% of ammoniated mercury.

The loss in the HgNH30l content wae explained by
assuming that Qs heating wae continued during the opera-
tion of drying the concentration of NH(Cl increased. 'Tho
inereased concentration of NH.C1l in presence of HgNHZCl

reversed the equation:
HgCly +2 NHOH = |HgNHgCl + NH,Cl+ 2 H0

Thus, the product, after drying, contalned a nixtﬁre
of HgCly, HgNHgzCl, and NH.Cl; ammonium hydroxide appar-
ently lost by heat, There 1g esome possibility of forma-
tion of complexes like (NH,)pHgCl,.

Seme loss of HgNHZCl content a2lso occurred when
25 cc. of the slurry formed by the reaction was dried in
the oven,

The explanation of the lose of HgNHZCl was proved
true by the fact that vheﬁfboneaatrated golution of am-
monium chloride was added to a suspension of ammoniated
mercury with heating, the ammoniated mercury went into
golution immediately with evolution of ammonia, Thus,
it wes experimentally proved that ammoniated mercury can

not be spray dried in presence of ammonium chloride,
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The ammonium chloride formed in the resction mixture must
be removed completely before the latter could be spray

dried,

Assay

It was reported by the previous worker that 4if-
ficulty was observed in applying the method of assay for
ammoniated mercury given in U.2.P, XITII, However, method
of assay given in B,P, 1932 was found to give good results,
The assay requires addition of 3 grams of KI to 0.25 grams
of sample in 50 cc., water end shaken until clear solution
results, After that the solution is to be titrated
against N/10 hydrochloric acid using solution of methyl
orange as indicator,

The ammoniated mercury does not go into solution
in KI in the presence of methyl cellulose, However, on
keeping overnight, the ammoniated mercury goes into solu-
tion leaving methyl ceilulose behind. The rate of solu-
tion could be made faster if the solution is kept in an
ice-bath as methyl cellulose is more soluble in cold

water,
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BULFANILAMIDES

Sulfethiazole wee chosen as representative of this
clase of drugs., The object wes to find ways and means
to obtain these drugs in smaller particle size and also

in a form which can be essily wetted.
NH,,
74

O

*
having an acidie H is quite soluble at pH 9, It was

Sulfethiszole -

skv

reasoned that a solution of Sulfathiazole in ammonia
water when spray dried would yield pure Sulfathiazole
with ammonia escaping in the exhaust gas,.

The solubility of Sulfathiazole can be determined
theoretically at different pH knowing the ionization
constant, K,, and apparent solubility, Ky, of Sulfathia-

zole. The calculations may be made in the following way.

8 (total solubility) = K, + 8'
where S8' is the emount of Sulfathlazole lonized
£§:1.£Ei. = Kg = 5.0 x 1lo~®
HS
Kg = 0.500 gm/1%t at 25°C.
at pH 9

(msl

[g'-;j x 5.0 x 10-®

1.0 x 10~°
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[S_'] » [H8 x 5.0 x 10-e
1.0 2 19%°

(#d = Kg since very little is ionized
= 0,500

[8] = 0.500 x 5.0 x 107® . 259
10~®

Total Solubility = 250 + 0,500 = 25.5 gm/1t

The reaction between ammonia and Sulfathiazole may be

written, Ni: NHa,
) sl

The equilibrium conetant for the reaction can be written

in the ralldwing way,

[a7) Dweg*] | N,
[BA]  (wE,0H]

where A~ representsd N[j
and HA represents NG - N‘J\S
N
Sozf“t" ‘“\CJ
- Ky

or (B (a7 [wm7 [omf 7
[HA| [ NH,0H]

or Kg x Ky = K , Ky

r « KoK
Ky
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_ 5,0 x lo~® x 1.8 x 10°°
1 x lo*ie

= 9.0 x 107 x 10 **

= 90 x 10 = 90

Experimental Procedure

Different concentrstions of Bulfathiazole solutions,
0.5, 1.0, 2,0, 3.0, 5.0%, were made up in ammonia water,

The solutions were prepared in the following way.
A 3% Sulfathiazole solution was made in thies cese. 150
grams of Bulfathiazole U.8.P, (Mallinekrodt) were weighed
and suspended in 3,500 cc. of water, Enough ammonium
hydroxide (about 95 ce¢.) was added so that all the Sulfa-
thiazole ;:g: into solution, More of Sulfathiazole was
added to the solution to neutralize excess ammonia, The
solution was then filtered through cheese cloth and
spray dried immediately., The pH of the solution wae
determined uaingtaeokman pH meter and was found to be
9.0, The spray dried product was very fluffy in nature,
It wee kept in 2 vecuum desiccator for several days to
get rid of the last traces of moisture, |

Two batches were made up and kept overnight before
being epray dried. The spray dried product contained
the same amount of Sulfathiazole and the melting point
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ag determined was found to be the same as Sulfathiazole
U,8,P, Hence, the stability of Sulfathiazole is not
altered easily in ammonia water,

The epray dried Sulfathiaszole obtained did not
wet quite readily and incorporation of some surface ac-
tive agents was neceseary. Agar, sodium arabate as pre-
pared by the ion exchange method in thie department, and
ammonium stearate were used as surface asctive agents,
They were added to the 2% colution of Sulfathiszole in
emmonia water before spray drying. From the preliminery
studiee, the wetting sction of sodium arabate seemed to
be better then the other two, Different concentrations,
2, 5, 10 parte of eodium erabate per 100 parts of Sulfa-
thiezole were used. Increase in the concentration of
frodium arabate increased the wetting chearacteristics of
the powder,

All the batches of Sulfathiszole obtained after
spray drying were slightly tinged yellowish., However,
the melting points of the powders were between 198 -
200°C which proves that there was no appreciable amount
of decomposition,

A batch was prepared contalning:

Sulfathiazole 60 gms,
Amm, hydroxide (28 w/v) 32 cec.
l-ascorbic acid 0.5 gm

water to make 2 1t
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The above batch was spray dried at 350°F and the spray
dried product had no trace of any coloration. Thus, the
color which was produced before may be due to the oxi-
dation of Sulfathiazole while being spray dried and was
stopped by adding an antioxidant like l-ascorbic acid,

F mmonia in 8pr i oduct - The amount of
free ammonia present in the spray dried Sulfathiazole was
determined, A weighed amount of sample wae taken in a
Kjedahl flask and 100 cec. of NaOH (8% w/v) wes added. A
few granules of zinc were added and the mixture distilled,
125 cc., of distillate were collected in an erlenmeyer
containing 25 cc. of N/10 hydrochloric acid, with a few
drops of methyl red added to 1t as indicator, The excess
acld was titrated back with gtandard sodium hydroxide,
The samples were found to contain 0.08% w/v of free

-

ammonia.
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Surface sres determinations - Surface areas of 0.5%, 1%,
3%, 5% batches of spray dried Sulfathiazole were deter-
mined by low temperature nitrogen adsorption method.®
Following are the results obtained:

% aq&:~0priy Surface Area
Frly‘ in ms/ gram Average
| 1,06 1.08
0.5 p ¥ = §
: 1.16
1.0 : 1.18 1.1y
1.16
0.973 0.99
3.0 1.00
: 0.756 0.78
5.0 0.802

The surface ares of commgrcially available Sulfathiazole
(Merck, Lot No. 42099) wae found to be 0,486 m®/ gm,

The values of the surface area of the particles
were plotted against the concentration of golution spray
dried. From the graph it is evident that as the concen~-
tration of the solutione are increased the surface area

becomes smaller,
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The Preparation of Arsbic Acid and Sodium Arabete
Powder by the Spray Drying Process X

S8ince the commonly used methods of drying solutionse
of arabic acid produce an insoluble meta-arablc acid, the
epray drying process, because of 1ts extremely rapid
drying, wae applied to the preparation of the powdered
form of erable acid and sodium arabate, Physical con-
stante were determined and indicate that no changes
occurred in the compound during the spray drying process,

Up to the present time no successful attempte at
the large scale production of arabic scid in the powdered
state has been reported, To date, it has been obtainable
only in the solution form which hae been limited more or
lese to 20% or lower concentration which maskes for the
necessity of transporting large volumes of weter, There~
fore, 1t was eontldéfed desirable to investigate the use
of the spray dryer to evaporate solutions of thie acid
and 1ts salts in order to obtain them in the powdered
form which, 1f'poss1ble, would make this useful substance
much more readily available.

Preparation of arabic acld solution was accom-

the
plished by applyinéhion—exohange method,

% For details, refer to Mr., R. Schleif's work done in
this department,
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The srabie acid solution obtained wae spray dried
vitﬁ?tnlet temperature kept at %00°F and at the rate of
12 eec, per minute,

The spray drying of areble escid wse compared with
other processes of drying in order to determine its use-
fulness, Samples were dried at 25° and 50°C under
vacuum, The 80114 product obtained in each case wae
insoluble, Thue, spray drying of arabic ascid solution
has definite advantagesover other methods of drying.

The spray dried powder was white and of a fine
consistency. It proved to be water soluble. Viscosity
studies, pH titration curves, and equivalent weight
determinations were made before and after spray drying
as a check on possible changes which may have occcurred
in the compound, From the resulte it may be noted that
no significant change occurred,

Sodlum arabate wae prepared by neutralizing solution
of arabiec acid with sodium hydroxide and then epray dried
at 400°F, The powder form of sodium arabate as obtained
by spray drying wae white and fluffy in nature., Hone of
the physical constante of sodium arabate seemed to have

changed due to spray drying,
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APPARATUS

The apparatus used for the spray drylng was a
table model Bowen SBpray Dryer,

Spray dryers consist essentlally of a2 drying
chamber, a source of hot gases, a means of atomizing
the liquid feed, and & method of separating the dry
product from the exhaust gases.

The Bowen Laboratory Spray Dryer used in these
experimente consisted of stainless steel drying chamber
about three feet in dlameter and approximately two and
one-half feet in height., The heating source 1s & gas
burner at the side of the main drying chamber and is
connected to it by & conduit leading to the top of the
chamber. The air temperature is controlled by a2 mercury
thermal element wor&ing on a2 pressure control switeh
which automatically adjuste the flow of gas to the burner,
The atomization is accomplished by the use of & centri-
fugal stomizer run at 50,000 revolutione per minute by
compregsed air at one hundred pounds pressure, The
compreesed air is furnished by & specleally 1ﬁntallea com~
pressor, The separation is accomplished by a cyclone
collector. The entire system is under a suction fan,

Hot gases enter around the centrifugal atomizer

and are given a swirling motion by fixed vanes. This
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aide in the intimate mixing between the hot gases and
the spray. Cold air inlets at the side of the drying
chamber near the bottom allow for more rapid cooling of
the dry product if it be desired., The gases convey the
dry product to the cyclone collector., An alir sweeper,
driven by the resction of high velocity air jete lssuing
from i1te tralling edge, keeps the chamber floor clean by
blowing any product which accumulates on the floor into
the exhaust ges, The atomizer disk is of the inverted
gaucer type with a two-inch dlameter,

From the outeset the apparatus was not intended
to serve as an engineering tool, Instead, 1t was used
to investigate the properties of the dry products
resulting from the spray drying.
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RESULTS AND DISCUSSION

From the results obtained in this work it is quite
evident that spray drying process is a very efficient
and handy tool to improve some of the physical character-
iatics of powders, However, it has been found that the
gubstence muet be in solution or in very small particles
in the slurry before spray drying.

The eddition of suspending agents or wetting egents
further improves the spray dried powder, Among the sus-
pending sgente Methyl Cellulose and Trsgacenth have been
found to be quite suiteble for our purposes while sodium
arabate, dreft, and sger serve well as wetting agents,

In spray drying slurries of colloidal sulfur it
hes been found that the total solld content of the
slurries must be abo;a 1.5% to ensure effective 8pray
drying. However, in ocase of spray drying of Sulfathia=-
zole solution in ammonis water, the lower concentration
yields powder with larger surface area. Thue, 1t has to
be berne in mind the effective concentration of a sub-
stance before spray drying to ensure succesaful spray
drying and at the eame time powders with large surface

ares,
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STUDY OF THE RATE OF SOLUTION OF
SPRAY DRIED SULFATHIAZOLE

Thie study was undertaken to compare the rate of
solution of spray dried Sulfathiszole with that of the
U.8.P, material. It is slready established that solu-
bility of a substance is dependent on the p@rtiole size,®

In the present work investigation wae carried out
(1) to eompareﬁ;ata of solution of spray dried Sulfathis-
zole with that of U.8.P, material;

(2) to correlate the results obtained with the surface

area of the particles,
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ggggg;meggsl Procedure

Material - A batch containing

Sulfathiazole 20 gm
Ammonium hydroxide 10.5 ce
Water to make 2 1t

wae spray dried. The spray dried product was used for
this investigetion. (For further detaile please refer
to page 22 of thies thesis.)

For the purpose of the inveetigation, 50 mg of
gpray dried Sulfathiazole of the above batch were weighed
into & 100 oo volumetric flask containing 75 cc of boiled
distilled water. The flask was suspended in a constant
temperature water bath, kept at 25°C and could be sheken
at a constant rate by means of a mechanical device.

Samples were withdrawn by means of & pipette at
definite intervals of time, filtered through fine sinter-
ed glass funnels (F 15, Corning Glass Co.). Concentra-
tione of Sulfathiszole in the filtrate were determined
by means of a Beckman Spectrophotometer,

All determinations were made at 285 mfh a wave-
length at which maximum adsorption of Sulfathiazole
ocours with Corex cells. The extinetion coefficient at
this wave length was determined and was found %o be
69.5.

It may be mentioned here that the extinction coef~
ficlent of spray dried Sulfathlazole at 285 m,xdid not

differ from the above value,
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RESULTS AND DISCUSSION

Table A
Time Sulfethiazole(Merck Lot No.42099) |
s
8 U.B.P Recrystallized Bgﬁ;‘gﬁ;ﬁh
min. .B.P, ool
0.388 T+
° ' Q.
SIEY - Shoveiin 0.181 0417 o.438
ot
. 0. .
" o.u29 0-459 0.298 o'zgg 0.471
0.471
0.471
20 ggzg 0.k62 0. 442 g.:gli 0. 480
: 0.491
0,468 Sl i
‘e 0. 0. 9
» o upp 0-#70 0.462 9.%29 3
; 0.501
o g':ﬁ% 0.476 0.486 g-ggg 0.501
j 0.484

All the above solubilities are expressed in gme per liter,
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The solubility of Sulfathiazole at equilibrium wass deter-
mined. 50 mg of Sulfathiazole, recrystallized from water,
was put in & volumetric flask containing 75 cc. of boiled
dietilled water, The flask was suspended in a constant Yemp.
water bath, kept at 25°C and shaken, After four days,
sllowing the contents of the flask to come to an equilib-
rium point, the solution was filtered thmughf“!’me"
sintered glase funnel. Quantitative determinations were
made on the filtrate and wae found to be 0,502 gme per
1t, at 25°C.

Assuming that,
(1) rate of solution follows Fick's Law, and
(2) the ares of the solid phase does not change,

we oan show that,

log Ceq -~ Ct - kt
Ceq 2.303
where,

Ceq = oconc, at equilibrium point,
ct = oone. at time t minutes after start.
t = time in minutes

X = gonstant,

Graphs were drawn plotting log (Ceq-Ct) againet
t (min) for Sulfathiszole; U,8 .P,; spray dried, and

recrystallized,
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The greph, in the case of recrystallized Sulfa-
thiazole is a stralght line, wheress in the case of U.8.P.
and spray dried samples the graph seems to follow a
curvature. This 1s probably due to the decrease 1n the
area of 80lid phase with the time contrary to our assump-
tion made before.

The results given in Table A seem to point %o the
fact thet the rate of solution of spray dried 8uifath1a-
gole in water may be faster than that showed by Sulfa-
thiszole U.8.P, or Sulfathiazole recrystallized. The
inereased rate of solution is probably due to the exiat-
ence of more smaller particles in spray dried powder
than that in U.S.P, or recrystallized powders, These
gmaller perticles may be assumed to heve lower activa-
tion energy and thus, goes into solution much faster
than bigger orystals. Thus, in the course of time,
when most of the emaller particles have gone into solu~
tion leaving large particles in solid phase, the spray
dried material probably behaves like U.S8.P, powder.

It was necessary to find out whether the concen-
tration of the filtrate would change 1'r°:r1ner filter
was used, The fllter sﬁﬂi“ﬁﬁs used was 'Ultra Fine'
f1lter (60 U,F, Corning Glass Company) which keeps back
all particles bigger than 1P in contrast to the 'Fine’
filter used in the earlier part of the experiment which
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filters all particles smaller than 10p.. The procedure

JATe
followed wae the same as before., The following %s the
~n

average resulte obtained:

Table B
Time Sulfathiazole Sulfathiszole
in u,e.p, Spray Dried
min, gms /1t . gme /1t
5 0.321 0.380
10 0.342 0.410
20 0.361 0.443
19 hra. 0.538 0.546

Results obtained in Table B seem to point to the assump-
tion previously made, that the smaller particles existing
in the spray dried msterisl are responsible for the
inoreased rate of solution,

pevmits
However, since tho‘ultru fino’flltar fidéers only

To po-ss thyouqh
particlee smaller than IQPK some of the particles which
passed through the fine filter were kept back and thus
showed & lower concentration in the filtrate. Compar-
ing the results, 1t seems that the spray dried material
has & definite increased rate of solution over U.S.P,

or recrystallized materials,
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