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1..2%.2 The titration can be conducted with 0.1 N 
bexizoic acid in benzene using thyniol blue T.S. labeled amount of tybamate. 
eliminating the addition of neutralized alcohol. In 
this instance. care must be exercised to orevent ab- 
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sulcs gave an average value of 97.2 f 1.2ojo2 of the  
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(3) Wright, F., Wallace Laboiatories, private communica- 
tion. 2 Maxiuium deviatiun fruni Llie mran value. 

Technical A rtZcles 

Particle Size Distribution and Hopper Flow Rates 

By EDWARD D. SUMNER*, HERMAN 0. THOMPSON, WILLIAM K. POOLE, 
and JAMES E. GRIZZLE 

The rate of flow of varying ratios of four sieve size fractions of rock salt through the 
hopper of a rotary press was represented by a second degree polynomial equation. 
This fitted polynomial accounted for 90 per cent of the variation in the mean flow 
rates. No correlation was found between the tangent of the angle of repose and 
flow rate. High positive correlation was found between flow rate and bulk density, 
while high negative correlation between flow rate and porosity was observed. There 
was no significant increase or decrease in flow rates with regard to the quantity of 

rock salt remaining in the hopper. 

NE OF THE most important considerations in 0 pharmaceutical manufacturing is the flow of 
particulate solids through hoppers and feeders. 
Capsules, di rided powders, and tablets are ex- 
amples of solid dosage forms which requirc 
measured filling for the production of each unit. 
Thus, the uniformity of the final product requires 
a uniform flow rate of these solid mixtures. 
Modern tablet machines are capable of com- 
pressing from 5000 (1) to 22,000 ( 2 )  tablets per 
minute. Uniformity of flow rate and flow rate 
uf  particulate solids must be considered in order 
to  nieet the requirements of these high speed 
units. 

The laws which govern static pressures ol fluids 
do riot apply to particulate masses. Some prop- 
erties of liquids in containers are: pressure is 
identical throughout a t  the same depth, pressure 
exerted on any point is transmitted undiminished 
to every portion of the enclosed liquid, and pres- 
sure exerted by a liquid on the walls of the con- 
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tainer is always a t  right angles to the surface of 
the container. 

Unlike liquids, pressures of bulk solids con- 
tained in hoppers varies with direction at differ- 
ent points, pressure is dependent on the shape 
and size of the receptacle, and the weight of a 
solid is transferred to the walls by shearing be- 
tween particles in addition to pressure. 

The principal factors affecting flow rates of 
particulate solids are : particle size, particle size 
distribution, particlc shape, density, surface 
characteristics, and relative size and geometry 
of the hopper (3). 

A review of the literature (3-15) revcals thal 
the rnajority of the investigations and research 
on flow of particulate solids have been conducted 
nn rnonodispersc systems and hoppers of niucli 
largcr or smallcr dimensions than those ordinarily 
used in snme pharmaceutical manufacturing 
processes. This work was conducted to ascertain 
what relationship existed between particle size 
distribution, bulk density, porosity, and tangent 
of angle of repose in regard to flow rates and 
uniformity of flow rates. 

MATERIALS AND METHODS 

Material.--The particulate solid used was rock 
salt in the following sieve size fractions: 8/10, 
10/20,20/40,40/60. 
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rock salt was used over again aftcr subjecting. it to 
sieving to  removc fractured ma.teria1. 

Bulk Density.-Thc bulk density was deterrnincd 
by the procedure set forth by Butler and Kamsey 
(16). The reported valuc is a n  average of thrce 
determinations. 

Porosity.-Porosity wts calculatcd from tlie fol- 
lowing formula (17): 

where V b  and V ,  represent the bulk and true 
volumes, respectively. 

Moisture Determination.-All moisture deter- 
minations were made 011 thc Ohaus moisture balance, 
model 6000. Thc heater was set a t  a distance of 1.25 
in. from tlie pan, and the samples were dried for a 
period of 1 hr. Onc smnplc was taken initially and 
the second was tdkcn after total discharge of rock 
salt from the hopper. The perceritage of ixoisture 
never exceeded 0.3y0, and the initial and final s:ttn- 
pies seldom varicd. 

Angle of Repose Measurements.-hstrumellta- 
tion for measuring the angle of rcpose is shown in 
Fig. 2. The glass cylinder was charged with 1000 
Grn. of the respective rock salt combirlation. The 
funnel on top of the cylinder permitted uniform 
loading from batch to batch. The plug in the center 
of the base was removed, and the material flowed 
out of the orificc. The height of the cone remaining 
on the platform was measured to the nearest =tO.05 
cm. A total of threc dcterInindtions was made and 
the reported value is an average of these. The 
tangent, @, was calculated from the formula (18): 
tangent + = H/R, where H is the licight of tlie cone, 
and K is the radius of the platform. 

Determination of Hydrostatic Pressures.-AI- 
though some relationships have bcen determined 
between height of particulate solids and unit pres- 
sure in hoppers (5), it seemed desirable to conduct 
some work utilizing the rotary press hopper. 

The rolary press hopper was leveled and clamped 
in such a manner that thc orificc rested on the tablc 

%'Ue = Vb - vn/P/vb x 100 

Fig. 1.-Pictorial view of flow apparatus. 

Preliminary Investigation.-Since the distance 
bet.ween thc hopper orifice and die table of the 
Stokes rotary press, model D-3, has some regulatory 
effect on flow rates ol particulate solids, the position 
of the hopper must be stabilized in order to eliminate 
sagging when the hopper is charged. Preliminary 
studies revcaled that if the hopper height was not 
controlled, the flow ratcs gradually increased as the 
hopper emptics due to an increasc in the hopper 
orificc-die table height. Classification studies of 
rock salt flowing from the rotary press hopper could 
not be carried out because of fracturing and attri- 
tion in the feed frame and cyclone separator. 

Flow Rate.-An over-all view of the experimental 
layout for measuring the rate of flow is shown in 
Fig. 1. The rotary press, model D-3, was run a t  a 
speed of 13.3 r.p.m. throughout the study. The 
upper puiichcs were left out and the lower punches 
were adjusted to a depth of 2 cm. The height of the 
hopper orifice was set a t  a distance of 0.7 cm. from 
the die plate. 

The hopper supplicd with the iiiachiiic was 
charged with 22 Kg. of rock salt for each run. Thc 
iiiaiu vacuum nozzle arid the auxiliary nozzle werc 
placed in  sucli ;L position to make collcctioris of all 
itiatcrial falliiy 011 the tlic g1:ttr as wcll :ts in;ttcrial 
filliug the dics. 'Uir vacuuit~ for tlic cgclo~~c scp- 
anttor was furiiislicd by a vacuulii cleaner ecluil)pctl 
witli 1.5-lip. motor. 

After pIaciii/: a ~ ~ ~ O ~ ) - i i i l .  coiiical flask in positiori 
uiitlrr thc cyclone separator, the vacuum systclli 
and machine were started. The initial I-min. 
collection was discardcd and not used in the data. 
This was done in order to allow the machine and 
flow to become stabilized. 

At 1 min., the shut-off valve on the separator was 
closed, the flask removed, an empty flask was agaiu 
placed bcneath the separator, and the shut-off 
valve was opened. The samples were numbered 1, 
2, etc., in the order collected. This procedure was 
continued until the hopper was nearly empty or as 
long as 1-min. collections could be removed. The 

8.4 S". 

\ / 

I 
F-.?%". 

~~ +I - 
.6 err. c-- 

Fig 2.-Instrumentation for dcterrnining angle of 
repose. 
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where 

Y = flow rate for a givcii set of X ' s  ( i e ,  a given 

p = regression coefficients (unknown), 
X, = proportions of each sieve. size rock salt, 
E = random uncontrollable error. 

The substance at any filling may bc represented IJY 

mixture ), 

XI + xz + XK + XI  = 1 

where X i  = '% of 8/10, X z  = % of 10/20, XI = ';.b 
of 20/40, Xa = 7 0  of 40/60. Pcrccntages are es- 
prcsscd in dccimals. 

Much work has been done in setting up designs 
in rcsponsc surfaces, and in these works optimum 
properties are achieved by properly placing the 
design points (ie., X I ,  XZ, Xa, X4). However, no 
one semis to have considered thc case where thc 
independent variables are restricted by incqualities 
as in this experiment. This being the case, it was 
felt that the best that could be donc would be to 
choose a design which ( a )  permits estimation of all 
regression coefficients of the equation (a's) and ( b )  
permits analysis of the variability in response a t  
different combinations of the Xi 's .  

The design of the experiment chosen was one in 
which ( a )  each sieve size was run scparately, ( b )  
sicvc sizcs wcre run in pairs, (c- )  sieve sizes were run 
im triplets, and ( d )  all sicvc sizcs were run at  the 
samc time. l'hese various combinations are shown 
in Table I. Note that somc of the tnisturcs were 
run twicc, (Le . ,  7 and 24 are the same, 15 and 25, 
etc.). 

RESULTS AND DISCUSSION 

-4 sununary of the average flow rates and standard 
errors, tangent of the anglc of rcpose, bulk density, 

16 om. 1 :  ' I  

liig. 3.- Alrl~ratus  lor tlctenuiuiug hydrostatic yres- 
x m s .  

surface. :It first, the hopper was partially filled 
with rock salt. This was done to determine pressures 
i n  thc largcr section of the hopper. 

The diaphragms were made from cylindrical metal 
containers which were covered ou the top surface 
with a sheet of thin rubber. A combination of 
eoppcr and gllass tubing w-as used for retaining the 
water from the diaphragms. The diaphragms and 
tubing were filled to  an arbitrary point. 

The bottom diaphragm rested on a metal plate 
above the stationary level of material. The posi- 
tions of thc diaphragms are shown in Fig. 3 .  Fif- 
teen kilogrami:; of the respective rock salt combina- 
tion was 1oade:d into the hopper atid lightly leveled 
omn the surface. IJnder pressure of the loaded mate- 
rial, the rubber covering was compressed which 
resulted in an increase of the water level in the tub- 
ing. The waiter levels of the vcrtical and lateral 
diaphragms were measured from the initial markings 
within 1 min. after the hopper was charged. The 
experiment was carried out a t  27 fl". 

STATISTICAL ASPECTS OF THE 
INVESTIGATION 

Design of the Experiment. ~ 1I the assunilitioii is 
i i i u l e  tIia1 coii~liti~iis iii tlie inacliiiic. sucli :is s l ~ ~ d ,  
I J ; I I  tide hize tlistribiitiuii o f  ;t siveii ini\tiirc, ~ I O ~ J p ~ r  
Iiciglil, ctc . ,  rciiiuiii coiislaiit Llirougliout tlic, ciilil-c 
c\i)criiiiciitatioiii, it is 1-casoiiable to :tssu~~ic tliat tlic 
rl.'SplJliSC (rntc:) may be rclireseiitetl by 5oiiie niatlic- 
iii;itical Functioti of the coiistitucnts heiiig usc(1. 
I his gives risc to what is commonly called a respotise 
surface. In this experimcnt, it was decided that a 
second degree equation should be. tried, and then 
uuneeded temis of this equation could be eliminated. 
The proposed iriodel (-1 ) is shown below. 

,, 

:1 

2 3 

T A B L ~   COMBINATIONS OF ROCK SALT USED FOR 
PLOW STUDIES 

~ ~- ~ 

Comhina- 
tiun 
1 
2 
3 
4 
5 
6 
7 
S 
!I 

I 0  
11 
13 
I .'i 
I d  
1.; 
I f i  
17 
18 
19 
2020" 
21 
22. 
23= 
24" 
25CL 
ZG'b 

7- 

XI 
8/10 

1.000 
. . .  
. . .  

0:  so0 
0 ,500 
0.500 

. . .  

. . .  

1 ) :  i i 3  
I) ,  :KK% 
I I ,  :33:j 

0,251) 
0 . 7 l X  
0 .  (194 
0.094 
0.094 
0,100 
0.179 
0.250 
0.1100 
0,500 
0 660 
0 . 3 8 3  

. . .  

-Proportions- 
x2 X? 

1 O / P O  20140 
. . .  

1 : 000 
. .  , 1:ooo 

... 
0:5i0 . . .  

. . .  0.500 

0.500 0.500 
0.500 

( I .  :3:<:j 0,3:33 
0 .  :u:3 . . .  

. . 0 .  :3:n 

, , . o:ii10 

i 1 . ;u:$ ( ) . :<:u 
(1.250 0 . 2 3 0  
I). 093 0.00.1 
0.718 0.094 
0.094 0.718 
0.094 0.094 

. . .  . . .  

. . .  . . .  
0.250 0 .  650 

( 1  . :3:3:3 , . . 

.Y4 
40160 
. . .  
. . .  

1 : 000 

0 :  500 

0 : ,500 

. . .  

0 ,  500 

( ) ,  :w 
( I ,  :n:: 
( J .  :<X5 
0.250 
0 .  iN.1 
0 .  OY3 
0. OY 4 
0.718 
0.900 
0.821 
0.750 
0.600 
0 . 500 
( I .  " 0  
0. 3:33 

. . .  

a Indicates that these combinations were run alter the ex- 
peiirnental data were processed for the first 19 combinations. 
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DENSITY, POROSITY, AND S.D. OF MEAN FLOW KATE 
TABLE II.-SUMMAKY OR DATA OBTAINED FOR MEAN FLOW RATE, TANGENT ANGLE O F  REPOSE, BULK 

~~~ 

Av. Flow Rate, Tangent Angle Bulk Density, Porosity, S.E. a 
Combination Gm. /min. of Reoose Gm./ml. % Gm./Lin. 

1 1167.843 
2 1675. mn 
3 1768.958 
4 1903.550 
5 1542.428 
6 1832.136 
7 2064. 666 
8 1788.458 
9 1955.550 

10 1883.850 
11 1844,750 

13 
14 
15 

1969.850 
1937 ,722 
1981.950 

16 1827.333 
17 1794.850 
1 x  i8fii.im ~~ 

19 
20 

i96z .iff 
1890.600 

21 1942.400 
22 1944.800 
23 1991 -833 
24 
25 
26 

26%. 389 
1960. i5n 
1957.600 

0.7870 
0.7110 
0.7100 
1.1310 
0.7940 
0.8170 
0.9137 
0.7492 
0.8616 
0.8166 
0.8616 
0.8912 
0.7640 
0.7043 
0.7865 
0.9213 
0.8840 

0.8013 
1.0920 
0.82'10 
0.7560 

0.7115 

n. 7560 
n ,7640 
0.7870 
0.7330 

1.10 
1.17 
1.16 
1.14 
1.17 
1.24 
1.31 
1.21 
1.28 
1.21 
1.23 
1.25 
1.29 
1.27 
1.29 
1.24 
1.21 
1.24 
1.27 
1.20 
1.25 
1.30 
1.32 
1.32 
1.28 
1 29 

49. no 13.8786 
46.00 3.6703 
46.20 8.9768 
47.25 6.1750 
46.00 8.4208 
42.80 4.8683 
39.38 1.4560 
44.12 7.9189 
40.53 4.7476 

43.19 6.4506 
42.08 8.1443 
40.01 2.1633 
41.03 8.3917 
40.25 4.5640 

43.89 2.7821 
42.80 3,4569 
41.36 3 .  6083 
44.34 6.3443 
42.00 3.7881 
40.00 4.9619 
39.10 9.0576 
38.75 6 ,9340 
40.60 5.7280 
40.10 7.6883 

44.02 0.4109 

42.61 6,47137 

Standard deviation of mean tlow rate. 

and porosity is shown in Table 11. Table 111 shows 
the results of the hydrostatic pressure measurements. 

Statistical Analysis.-In the discussion, the fol- 
lowing conventions have been adopted: obsevz,ation, 
a single determination for a specific combination; 
sample, the aggregate of observations for a specific 
combination; expeviwzent, the totality of samples for 
all combinations. After running the first 19 com- 
binations shown in Table I, plots of each sample 
were made on a time scale and on separate pieces of 
graph paper. The main purpose of this was to 
determine if any trend existed iii flow rate from the 
first observation taken in each sample to the last. 
It is noted that the model proposed assumes no such 
trend ( i e . ,  it assumes each observation in a sample 
to be about like any other observation, apart from 
random error). The plots suggested that in some 
instances there appeared to  be trends. Statistical 
tests showed, howevcr, that the "apparent trcnds" 
could be attributed to  chance variation in the data, 
aud thus, model A was considcrcd adequate. 

As a by-product of this irivestigatiou rricutionrd 
above, a preliminary fit1 of a modified fonri of the 
proposed model was obtained. This modified 
model is shown as model B. 

Y = B o f  
3 3 

i = 1  i = l  
BiXi + PiiXt2 + E (Model B )  

This fitted equation provided an estimate (perhaps 
rough) of the design point which would produce the 
greatest flow rate. This was: 

1 The term "fit" refers to the estimation of the unknown 
The least squares technique was used in 6's from the data. 

estimating these coefficients. 

TABLE IIT.-HYDROSTATIC PRESSURES OF ROCK 
SALT IN ROTARY PRESS HOPPER 

Increase of 
Sieve Pressure in cm. Water" Lateral Above 
Size Vertical Lateral 8/10 Fraction, yo 
8/10 6.35 1.45 

40 j6n 8.65 1.85 27.6 
8/10 6.60 2.03 40.0 

40/60* 

a Glass tubing with inside diameter nf 0.3 cm. 50% of 
each mixed together. 

21 = 0.1794 ('/"o 8/t(J fraction) bz = 0.0000 (';"o 10/20 fraction) 
XB = 0.0000 (Yo 20/40 fraction) 
Xn = 0.8206 (% 40/60 fraction) 

It is noted that the design point tested produciug 
the maxiinurn flow rate in the experiment was 

XI = 0.5000 (yo 8/10 fraction) 
X? = 0.0000 (% 10/20 fraction) 

X4 = 0.5000 (yo 40/60 fraction) 

At this point in the investigation it seemed ad- 
visable to take a few more samples in order to get a 
good fit of model A in the region of the suspectcd 
maximum flow rate (ie., the predicted maximum) 
and so that differences in flow rate and variation 
could be examined for repeated sampling of the same 
mixture. Since no trend existed with regard to the 
timc an observation was taken, tlic means of the 
flow rates were thought to  be indicative of the per- 
formance of a particular combination. Also, in 
using the means of the flow rates a source of varia- 

XI = 0.0000 ( 7 0  20/40 frdctiorl) 
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tion was climinated in fitting the model ( i e . ,  within 
combination variation). 

With this in mind, model A was Fitted to  themeans 
arising froni samples 1 through 26. Tests were 
carried out to  determine whether any of the regres- 
sion coe6cieni.s could be eliminated, and the rcsults 
indicatcd that b3 and p33 could be considered as zero. 
If thcse coefficients are set equal to zero in model 
‘1, the resulting model may be called model A‘. 

Model A ‘ then is the one that should be used for 
this experimcnt. The data were fitted to model A’ 
( i .e . ,  model A with pa = paa = O ) ,  and the resulting 
fitted equation along with the standard deviation of 
the estimated parameters (in parentheses) are given 
below. 
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where Xi, Xz,  . . . , X ,  are the mean flow rates of the 
26 samples and Y I ,  Y2,. . . , Y ,  are the values cor- 
responding to  the variable whose linear correlation 
with flow rate is to be investigated. 

Tangent of Angle of Repose.--r, = +0.1022. A 
statistical tcst showed that the true correlation 
could be considered zero, and thc conclusion was 
made that the tangent angle of repose is uncorre- 
lated with flow rate. 

Bulk Density.--re = +0.8123. This suggests a 
positive correlation arid hence the conclusion was 
made that flow rate is positively correlated with 
bulk density. 

Porosity--ra = -0.8160. This indicates a nega- 
tive correlation with flow rate. 

Variation of Flow Rates.-The usual standard 
deviation of the mean was computed for each rom- 
billation and used as a measure of variation of flow 
rate (see Table 11). A statistical comparison re- 
vcalcd that not only are there significant differenccs 
in tlie variation for different mixtures (Le . ,  com- 
binations 1 and 23) ,  but there are also significant 
differences in the variation of flow rate of the same 
mixture run two different times (k, combinations 
13 and 26) .  The differences in the first case wcre 
not so surprising as those in the second case due to 
changing bulk density, porosity, and particle size 
in the former. No explanation can be offered a t  
this time as to why combinations 1, 7, and 10 had 
the greatest standard deviation. The variation of 
the standard error in the second case (i.e., combina- 
tion 13 and 26) was probably due primarily to differ- 
ctices in the particle size distribution at different 
tirncs. This, however, was not verified. 

1818 7531 (32 3132) 
1311 3.557 (187 9531) 
778.7229 (248 3857) 

- 1878 3369 (194 3749 j 
-933 3388 1857 8770) 

-510 4626 (262 2961) 
-589 934s (340 8922) 

-2261 2628 (408 3998) 

The estiiiiates of the X,’s from tlic above equation 
which would produce the maxiinurn flow rate were 
calculated to be: 

x’ A _. - 0.3491 (cjh 8/10 fraction) 

T2 ==: 0 ,  0000 ( c / b  10/20 fraction) 
XJ == 0.0000 (% 20/40 fraction) 
A’ ’ ‘4 -- -. 0.6509 (% 40/60 fraction) 

Since model A’ has fewer parameters than model 
A ,  it  is natural to inquire. as to  what is lost, if any- 
thing, by choosing thc simpler model. This qms- 
tion is generally answered by using the multiple 
correlation coefficient, M, associated with each 
fitted model. The square of is actually the per- 
centage of the total variation in the sample means 
which is accounted for by the fitted model. Thc &I 
corresponding to the fitting of A was found to be 
0.9552, while that for A’  was 0.9501; hence, the 
fitted A’ is just about as good a predictor o f  flow 
r:tte as is the Iitted A .  I n  fact, i t  was found that if 
al l  regression coeflicicnts with a thrw in tlic sub- 
script wcrc sct  equal t o  zcru (i.e., 03 = & = 01.l 
=: Bed = O), then the fitted ~riodel had a i i  ill o f  
(J.9270. This nieaiis that knowledge of Xa helps 
w r y  littlc in predicting meail flow rates. 111 othcr 
words, the abxnce or presence of the 2J/qu fraction 
in the mixture has little effect on thc nicaii of the 
flow rates. 

Linear Correlation of Mow Rates with Angle of 
Repose, Bulk Density, and Porosity.-The sample 
correlation coefficient between flow rate and various 
other measurc:ments is defined as 

M c ( X *  - R)  (Yi -- Y )  

SUMMARY 

Plow rates wcre obtained from constantly flowing 
material which approached tableting operations. 
There was a maximum point a t  which the further 
addition of 40/60 fraction of rock salt to the 8/10 
fraction decreased the flow rate. This maximum 
point, among those tested, was when 50% each 
were mixed. The fitted model places the maximum 
at 357, of the 8/10 fraction and 65% of the 40/60 
fraction. No correlation was found to exist between 
the angle of repose and flow rate. 

Bulk 
density incrcased with a decrease in porosity when 
different particle size systems wcre mixed. Hence, 
flow rate was increased due to Inore weight per unit 
volume hcing dclivcrcd from the hopper orifice. 
The flow rate was incrcased by the addition of 
smaller partick? to  larger particles which appeared 
to act as a lubricant when tlic voids wcre partially 
filled. Lateral hydrostatic prcssurc rncasurcrnents 
on 8/10, 40/D0, and 50y0 of 8/10 and 40/60 frac- 
tions of rock salt showed that the flow rate incrcased 
with increasing pressures, though the same relation- 
ship with vertical hydrostatic pressure does not 
seem to exist. 

Thc standard error varied from a low of 2.1633 to 
a high of 13.8786 for various combinatioris of rock 
salt. There is an apparent difference in the uni- 
formity of flow rate from one combination to an- 
other. However, no obvious simple trend exists 
since the highest variability was associated with the 
lowest flow rate, while the second highest variability 
was associated with the highest flow rate. 

Other factors had an effect on tlie flow ratc. 



1446 Jouraal of PhamaceuticaE Sciences 

REFERENCES 

( I )  “Stokes New Model 552 ’Tri-Pact’ Rotary Tablet 
Press,” Bulletin No. 100, F. J. Stokes Corp., Philadelphia, 
Pa. 

(2) “Colton Pharmaceutical and Tableting Equipment,” 
Arthur Colton Co.,  Detroit, Mich. 

(3) Crosby, E. J., A m .  Pwfumev,  75, 43(1960). 
(4) Ketchum. M. S., “The Design of Walls, Bins and 

Grain Elevators,” 3rd ed., McGraw-Hill Book Co., lnc., New 
York, N. Y. ,  1925. 

( 5 )  p n i k e ,  A.  W.,  Chem. Eng. 61 (No. 12), 175(1954). 
(6) Plow Properties of Disierse Systems,” Hermans, 

J. J.. ed.. North-Holland Publishing Co., Amsterdam, The 
Netherlands, 1953. Chap. 10. 

(7) Brown, R. L., and Hawksley, P. G. W., Fuel, 26, I59 
(1947). 

(8) Jenike. A. W., Eng. Mining J . ,  156 (No. 3a). 83(1955). 

(9) Smalley, I. J., Nntuvc, 201, 173(1964). 
(10) Brown, 11. L., SOC. Chem. Ind. (London) Monograph, 

(11) Fowlcr. K. T., and Glastonbury, J. R.. Chem. Eng. 

(12) Ringbarn, E. C., and Wikoff, R.  W., J .  Rkeol., 2, 395 

(13) Brown, li. L. ,  and Richards, J. C., Trans. Inst. Chem. 

(14) Beverloo, W. A , ,  Leniger, H. A., and van de Velde, J., 
Chum. Ena.  Sci., 15, 260(1961). 

(15) Laforge, R .  NI., and Roruff, R. K.,  7izd.  Eifg .  C/ir.in., 
56 (No .  2 ) ,  42(1964). 
,_ ~ (16) Butler, A. Q., and Kamsey, J. C.. Drug Sld. ,  20,  217 

KO. 14, 1961, 15S166. 

SCL. 10, 150(1959). 

(1931). 

I l n g . ,  37, 108(1959). 

jl!,sa), 
(17)  Maitin, A. N., “Physical Pharmacy,” Lea & Febigrr, 

Philadelphia, Pa.,  1960, pp. 584, 585. 
(18) h-elson, E., J .  Am.  Phorm. Assoc., Sci. Ed., 44, 435 

(1955). 

Notes 

Direct Titrimetric Determination of Aromatic Quaternary 
Ammonium Salts and Long Chain Aliphatic 

Sulfates and Sulfonates 
By JOYE A. BILLOW and H. WELDON BAKER 

Aromatic quaternary ammonium salts and long chain aliphatic sulfates and sulfo- 
nates can be assayed by arapid, single phase aqueous titration. Sodium tetraphenyl- 
boron serves as a direct standard in  the assay of the quaternaries and benzalkonium 
chloride as the tirrant for anionic detergents. Bromophenol blue indicator gives a 
purple to blue color change when the anionic substances are titrated in strongly 
alkaline solution. The  results of this method show excellent agreement with the 

standard chloroform extraction titration. 

HE aromatic quaternary ammonium salts official T in U.S.P. XVII and N.F. XI1 are assayed by 
many different methods Sodium lauryl sulfate, the 
only official long chain aliphatic sulfate, is not directly 
assayed. It was believed that a siugle method type, 
direct titration of large anions with large cations, 
could be used for all aromatic quaternary ammonium 
salts and for the long chain aliphatic sulfates and 
sulfonates. 

A direct titration of sodium tetraphenylboron \vitli 
~etyltrimethylammonium bromide using bromo- 
phenol blue indicator was used by Schall (1) in the de- 
termination of potassium. This suggested that 
aromatic quaternary arnniouiurn compounds could 
be assayed by direct titration of sodium tetra- 
phenylboron, and, conversely, that large anions 
could be titrated directly with quaternary ammo- 
nium compounds. 

Cetylpyridinium chloride is officially assayed 
(2) by titration with standard sodium tetraphenyl- 
boron using bromophenol blue indicator. The official 
method differs from that proposed by Schall in 
that the end point depends upon the extraction of 
the indicator from a chloroform layer. 
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A similar chloroform extraction titration, using 
tetrabutylanimonium iodide as the standard, is 
official (3) for the assay of the aliphatic sulfonate 
dioctyl sodium sulfosuccinate. This method is 
adapted in method A as the general chloroform 
extraction method against which the proposed 
method is compared. 

REAGENTS 

Tetrabutylammonium Iodide (Primary Stand- 
ard Cation).-A 0.01000 .M solutioii prepared coil- 
sidering the rnatcrial to be lOOc% 1)urc. Titration 
iri triplicate against sodium t ~ t r a p l i ~ n y l b r ~ n ~ i ~  by 
method 21 gave 0.01000 M f 0.00005 M .  

Sodium Tetraphenylboron (Primary Standard 
Anion).--A 0.01000 M solution prepared on tlic 
basis of labeled 99.6y0 assay. This should be freshly 
prepared before each use because of decompositiou 
on standing in solution. 

Benzalkonium Chloride (Secondary Standard 
Cation).-Approximately 0.01 M solution prepared 
by diluting about 30 ml. of 12.8y0 benzalkonium 
chloride’ to  1 L. and standardized against sodium 
tetrapheuylboron by N.F. XI1 procedure for cetyl- 
pyridinium chloride (2). 
-~ 

1 Marketed as Zephirin Chloride by Winthr op Lato1 a- 
tories, New York, N .  Y. 




