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FI(~. 5.  A i r  b u b b l e s  in  c a k e  b a t t e r s .  G r i d  r e p r e s e n t s  9 m i -  
c r o n s  b e t w e e n  l ines .  

shown by Figure  5. In general, the more numerous 
the air bubbles in the batter, the higher will be the 
final volume of the cake, and the smaller the bub- 
bles, the finer will be the texture  of the cake (2).  
The batters shown in pictures 5A and 5B produced 
cakes of substandard volumes. Bat te r  5C produced 
a cake of excellent volume and texture.  Batter  5D, 
on the other hand, Was far  too f ro thy  and yielded a 
cake which rose too rapidly dur ing baking and sub- 
sequently " f e l l "  upon cooling. 

Familiarization with general microscopy and ex- 
amination of the accompanying illustrations will sug- 
gest many variations of the above applications. Fo r  
example, with a little practice, quanti tat ive approxi- 
mations of the relative proportions of various con- 
sti tuents can be estimated with a reasonable degree 
of accuracy. F rom the average crystal  size and the 
total volume of sample, the ratio of solid to liquid 
can be judged (3).  By simple calculation of the vol- 
umes of the air bubbles in a given volume of cake 
batter, the percentage of incorporated air can be 
determined. 
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Automation-Instrumental Analysis 
LEWIS MALTER, Beckman Instruments Inc., Chicago, Illinois 

T 
ODAY with the ever increasing demand on indus- 
t ry  to provide more product,  better  product  of 
more uniform qual i ty- - the  role of instrumenta- 

tion, control, and now automation takes on a new 
significance. Automation has various meanings for 

various people. This paper  
will  be conce rned  wi th  
automation as the devel- 
opmen t  of new types  of 
sensing elements that  have 
emerged from theory into 
p r a c t i c a l  l a b o r a t o r y  in- 
strunlents and then finally 
into the plant for instan- 
taneous control. 

The m o d e r n  system of 
i n s t r u m e n t a t i o n  has pro- 
duced  i m p r o v e m e n t s  in  
p l an t  process  con t ro l  in 
many industries. The need 
is apparent  for  a general 
review of some of the pres- 
ent laboratory instruments 
and methods to determine 

Lewis Malter if fu r the r  savings of money, 
time, and manpower can be 

accomplished in other industries. Ins t rumentat ion has 
outstr ipped the conventional measurements of temper- 

ature, pressure, flow, etc., and is being extended to 
measure other important  process variables used in the 
petroleum, chemical, and food industries : electrochem- 
ical, color and turbidi ty,  and chemical composition. 

I t  has become necessary for the plant  instrument  
engineers to t ransfer  the useful analytical  instru- 
ments and methods f rom the laboratory and make 
them work under  the more difficult plant  conditions. 
One of the early analytical  tools to be moved from 
the laboratory to the process plant was that for  the 
measurement of pH. During the early development 
of pH  instrumentat ion very  delicate electrometers 
were used, and for industrial  applications these were 
out of the question. Attempts were then made to use 
galvanometers with large thin-walled electrodes, but  
the extreme fragi l i ty  of the electrodes and the unsta- 
ble galvanometers again would not stand up in the 
plant. Later  with the development of stable low cur- 
rent  amplifiers the s tandard glass electrode was made 
practical  for industrial  application. 

Applications of pH  control can be found in prac- 
tically every industr ial  process where aqueous solu- 
tions are involved, pH  will affect the quali ty of the 
product  as well as the speed and yield of reactions. 
Emulsification, electrolysis, neutralization, biochemi- 
cal processing, bleaching and dyeing, coagulation and 
precipitation, and hydrolysis all require some degree 
of pH  control. The most obvious applications, of 
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course, are water-conditioning and waste and sew- 
age t reatment .  The lat ter  problem is becoming more 
impor tant  as state waste requirements become more 
demanding. 

T ODAY, more than ever, we are becoming color-con- 
scious in our every-day living. Products  are often 

classified and priced according to either a rb i t r a ry  or 
fixed color standards.  Oils, resins, pigments,  and dyes 
have to be selected with the utmost  care to mainta in  
uni form quali ty and color. The quali ty and price of 
edible oils often can be determined by color. Ins t ru-  
ments have been applied as a means of s tandardizing 
color tolerances in the laboratory and in the plant.  

Because of the great  strides af ter  the development 
of photoelectric cells, designs of direct reading and 
now automatical ly  operated spectrophotometers  have 
been developed, and product  laboratory  methods of 
color s tandardizat ion have taken hold. These instru- 
ments are now the fundamenta l  basis of eolorimetric 
analysis, standardization,  and specifications. A rou- 
tine set of specifications usual ly controlled by the 
laboratory  can be placed on the plant  s t ream to pro- 
vide continuous data for quali ty control. 

The flow colorimeter offers a means of indicating 
or controlling process s treams where in termit tent  data  
do not supply  adequate information for watching the 
process where sudden changes in concentration or con- 
taminat ion can be damaging.  In  the case of chlorine 
dioxide where the mater ial  is dangerous and difficult 
to handle, the rugged s t ream eolorimeter is used effec- 
tively. The flow colorimeter consists basically of the 
same elements which make up a laboratory  colorim- 
eter, and the principles are identical. A light source 
in the colorimeter passes through the flowing sample 
where some of the radiant  energy is absorbed and the 
remaining energy is detected by a phototube. The 
phototube then sends its signal to an amplifier, then 
to a meter,  and next possibly to a recorder-controller.  
This indication gives a relative reading of concen- 
t ra t ion to some reference fluid which has previously 
been set for  full-scale deflection. Unlike the laboratory  
where extreme care is taken to make some standardi-  
zation, checks are made frequently,  and equipment  is 
kept  clean, t h e  flow colorimeter has to live with the 
abuse of the plant  process. Maintenance and frequent  
cleaning should be made on such installations. Vari- 
ables such as tempera ture ,  pressure concentration, 
flow rate,  and flow transients  can usual ly  be compen- 
sated or engineered out of the process. 

Fo r  example, such an ins t rument  can be used to 
determine chlorophyll  in vegetable oils. Color filters 
can increase the sensitivity by  selecting the most 
sensitive port ion of the spectrum. Perhaps  where a 
filtrate or precipi tate  has to be careful ly  maintained 
for  max imum yields, a flow colorimeter measur ing 
the tu rb id i ty  of the filtrate will continue to recircu- 
late the f i l t rate unti l  a cake is built  up  on the filter 
screen. When  the colorimeter senses a preset  tur-  
bidi ty concentration, it will open the s t ream to the 
process and will now act as a " m o n i t o r "  for  possible 
breaks in the filter screen. Applicat ions can also be 
made in other than liquid streams. Successful meas- 
urements  have been made on gas s treams of chlorine 
and chlorine dioxide. 

I t  was not too long ago that  in f ra red  analysis 
changed f rom a scientific curiosity to a practical  
process control variable. I t  took Wor ld  W a r  I I  to 
provide the stimulus for  fu r the r  investigation of 

in f ra red  spectrophotometry  for  the control of buta-  
diene in synthetic rubber  product ion and the control 
of aviat ion gasoline. 

In  the ear ly instruments  the accumulat ion of data  
was slow and laborious. Sensitive galvanometers  were 
relied upon to indicate exceedingly small signals. 
Because of the extreme problem of t empera tu re  va- 
riations and vibrat ion the ins t ruments  were usual ly  
mounted in the basements on huge piers, and night  
operation was necessary for  min imum vibration.  Wi th  
the advent  of low thermal  mass thermocouples and 
bolometers, chopped beam systems came into existence 
and fas ter  scanning techniques became feasible. In  
order to build inf rared  ins t ruments  commercially, 
large quantit ies of in f ra red  t r anspa ren t  mater ia l  for  
prisms, windows, and lenses had to be produced. 
Synthet ical ly  grown salt crystals soon filled this need. 

~r manufac ture rs  of electronic tubes devel- 
oped subminiature  tubes of low noise characterist ics 
and filled the gap necessary in the a t t endant  circu- 
ity. Now with transistors becoming available, the 
electronic portions can be cut down in the sheer mass 
of the ins t rument  and per formance  improved. 

An inf ra red  spectrophotometer  is used to investi- 
gate almost any  organic molecule regardless of the 
size, composition, or weight. Very  simply, the prin-  
ciple of in f ra red  analysis involves the absorption of 
radiat ion by vir tue  of molecular rotat ion and vibra-  
tion. Any  small molecular group at tached to an or- 
ganic molecule will exhibit a par t i cu la r  v ibrat ion Of 
the remainder  of the molecule. Research on the struc- 
ture  of molecules can quickly give a quant i ta t ive  
analysis. I n f r a r e d  can also be used as a quant i ta t ive 
analyt ical  tool based on the assumption tha t  the ab- 
sorption will follow the Lamber t -Beer  Law. 

The extreme usefulness of specific quali tat ive and 
quant i ta t ive analyses by in f ra red  spectroscopy per- 
suade the ins t rument  engineer to place a uni t  on the 
process stream. Because even the most rugged labo- 
ra to ry  ins t ruments  will not s tand up under  p lant  
conditions, a simplified version using a non-dispersive 
technique is being used successfully. This principle  
actual ly has been used as fa r  back as 1926 for  a self- 
filter type  of instrument.  Bu t  in the last 10 or 12 
years the ins t rument  has increased in usefulness 
many-fold  to the point  where about a half-dozen gas 
analyzers are being manufac tu red  commercially. By  
far  the ma jo r i ty  of the in f ra red  s t ream analyzers 
have been used for  gas streams. 

H OWEVER just  as impor tan t  is the need for  good 
control of l iquid streams. Dow Chemical in 1951 

developed a dispersive ins t rument  tha t  could be fit- 
ted into a 11 x 13 x 7 explosion-proof housing. They 
have been quite successful in app ly ing  this uni t  to 
m a n y  applicat ions in the plant.  Al though there are 
seemingly difficult problems in sampling, various sys- 
tems have been devised to supply  a representat ive  
sample without  undue lags. This same ins t rument  can 
be used for  gas samples as well. 

The mass spectrometer  is another  classic example 
of the  t ransformat ion  of an ins t rument  for  labora tory  
use into one of the most useful  process controls. I n  
practice the spectrometer  ionizes particles and fires 
them across a magnetic  field where they  are bent  into 
a circular  p a t h .  The heavier masses make a wider arc 
than the l ighter  ones and hence go to different ta rgets  
where they are measured. This arc diffusion can be 
compared to the dispersion of l ight through a prism. 
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In practice there are several different methods of dis- 
persing the various molecules--180 degree magnetic, 
60 degree segment, radi0-frequency and ion-resonance. 

Again the need for more exacting means of meas- 
urement  during World War  I I  in development of 
atomic research prompted the phenomenal growth of 
mass spectrometry. As recently as 1940 there were 
less than a dozen instruments throughout  the country.  
Now there are hundreds. 

The analytical mass spectrometer has been used 
extensively for both liquid and gas samples, usually 
analyzing mass from 2 to 150, although it can be 
operated on masses somewhere over 400. This type 
of instrumentat ion is extremely useful in the petro- 
leum field, where compounds have properties that  are 
so nearly similar that  they are quite difficult to iden- 

t i fy  by ordinary  chemical means. The outstanding 
features of this means of measurement is the speed 
by which samples can be measured without previous 
fract ionation or concentration. 

Because of the high resolution and detectabili ty of 
the instrument  it is used for measuring trace mate- 
rials in process streams as well as the key component 
or components in the process stream. 

In  order to reach the ul t imate goal of practical 
automation for the chemical plant, more and better 
analytical measurements will have to be made con- 
t inuously on the plant  streams. The preceding paper 
tells of some of the useful laboratory instruments and 
how they are being successfully used in plant opera- 
tion today. 

Statistics Applied to Research and Control in the 
Oil and Fat Industry 
H. P. ANDREWS, Swift and Company, Chicago, Illinois 

F 
oR ~ANY Y~A~s the subject of statistics was con- 
sidered to be associated chiefly with the collection 
of large masses of data and the presentation of 

such data in tables, charts, or graphs. Today that  
conception is extremely outmoded, and those more or 

less routine operations are 
now on ly  an i n c i d e n t a l  
p a r t  of the  f u n c t i o n  of 
statistics in research and 
industry.  

Prof.  George W. Snede- 
cor, of Iowa State College, 
cons iders  s ta t i s t i cs  to be 
an integral par t  of the sci- 
entific method. "Some peo- 
p l e , "  he says, " s e e m  to 
think that  it is only an aid 
to science, a luxury  to be 
i n d u l g e d  in by  on ly  the 
more  l e i su re ly  scient is ts .  
At the other extremes there 
are those who at tr ibute to 
statistics a kind of mag4c to 

H. P. Andrews el ic i t  r e l i ab le  information 
f r o m  shoddy  and  inade-  
quate experimental  da t a . "  

As a vital and integral par t  of the scientific 
method, statistics provides special tools and tech- 
niques for the research workers who pursue scien- 
tific investigations. I t  is concerned with two main 
features of the scientific method: the performance 
of experiments and the drawing of objective con- 
clusions from the experimental  observations. Ac- 
cordingly the science of statistics may be thought  of 
as being divided into the two corresponding areas: 
the design of experiments and the analysis of data 
leading to statistical inference. 

In  practically every field of inquiry  t h e  attain- 
ment o f  new knowledge and the development of 
speciaiized technology has  been chiefly by the proc- 
ess o f  il{ductive reasoning: the process of arguing 
from observational facts to the theories which might 

explain them. In  this process it is necessary to draw 
inferences f rom the results of testing or experimen- 
tation, to argue from consequences to causes, from 
the part icular  to the general;  in statistical terms, to 
argue from a sample to the population from which 
it was drawn. 

This process is logically hazardous, and the conclu- 
sions must always be considered to have a degree of 
uncertainty.  All of us-- laymen,  specialists, adminis- 
trators, or research workers are constantly sampling, 
estimating, and drawing conclusions, often without 
even being conscious of it and f requent ly  with little 
or no actual knowledge of the hazards involved. 

In  the last few years public opinion surveys have 
come into great populari ty,  and although they are 
admit tedly f raught  with considerable possible error, 
they have been invaluable in many economic and 
business decisions. Often in research a dozen experi- 
mental  animals may suffice to disclose useful infor- 
mation concerning a population of millions; a carload 
of oil may be accepted or rejected upon evidence 
gained from testing a sample of only a few pounds;  
the physician makes inferences about a pat ient 's  
blood from the examination of only a single drop. 
Yet anyone who has ever taken samples, run  analyses, 
or conducted experiments knows that the results 
f rom any one sample, analysis, or experiment may  be 
far  from the t rue values for the aggregate of material 
or population. 

The conclusions drawn by these procedures are not 
altogether infallible and are at tended always with a 
degree of uncertainty.  The process of statistical in- 
ference provides a quanti tat ive evaluation of this 
uncertainty.  I t  utilizes the theories of mathematical 
probabili ty and enables the scientist to assess the 
reliabili ty of his conclusions in terms of probabili ty 
statements. 

O ~E of the simplest yet most fundamental  problems 
to which the statistical approach may effectively 

be applied concerns the answer to such questions as: 
how accurate is my observation, what is the precision 


