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[57] ABSTRACT 
An automatic volatility computer is described as well as 
a method for automatically determining weight changes 
in substances containing volatile material. In particular, 
there is described an apparatus which automatically 
determines the percentage of volatiles in a substance 
which contains unknown quantities of polar volatiles 
such as water or moisture, solvents, plasticizers and the 
like. The apparatus provides rapid automatic analysis 
without operator assistance other than the placing of a 
sample on the automatic balance. In the preferred em 
bodiment, a digital panel meter provides rapid readout 
coupled with the ability to recall the original weight 
and the weight obtained after removal of the volatiles. 

13 Claims, 1 Drawing Sheet 
26’ 
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AUTOMATIC VOLA'I‘ILITY COMPUTER 

Matter enclosed in heavy brackets I: ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This invention relates to an apparatus and a method 
for automatically computing the amount of volatile 
matter in a substance containing a polar solvent. More 
particularly, the invention relates to an apparatus which 
automatically computes the percentage of volatiles in a 
given sample without operator assistance beyond the 
placing of the sample in the test apparatus. 

BACKGROUND OF THE INVENTION 

A very routine determination made countless times 
every day in numerous industries is the determination of 
the percentage of volatiles in a given substance. Such 
tests are run on literally thousands of items ranging 
from agricultural products such as tests which deter 
mine the percentage of moisture in corn, wheat, oats, 
tobacco and the like to textiles, foods, paints etc. Nu 
merous industrial products are also tested to determine 
the percentage of volatiles, whether such volatiles be 
water, solvents or other diluents. These tests include the 
determination of the solids in paints, varnishes, lacquers, 
paper products and the like. Practically all items which 
are sold on a weight basis and are likely to absorb mois 
ture require correction for such gain, such that a cus 
tomer is not charged for water or other diluent. In the 
same manner, numerous items require a certain speci 
tied moisture or volatile level to be suitable for further 
use and are sold in the trade as being within speci?ed 
rangess. Thus, considerable time is expended on quality 
control processes and testing to obtain the proper or 
desired percentage of moisture or solvent in the sub 
stance being sold. 

Previously, tests for determining the percentage of 
volatiles was conducted by typical wet chemistry analy 
sis. The sample to be tested would ?rst be weighed by 
an operator and then placed on a hot plate or in a vac 
uum oven for a predetermined period of time, normally 
on the order of 30 minutes to 2 hours. The sample 
would then be cooled, reweighed and a calculation 
made to determine the percentage of the volatile re 
moved from the sample. 

Another method used is known as the Karl Fisher 
determination. This test involves a titration with a spec 
i?ed chemical reagent and a subsequent calculation of 
the amount of moisture present based on the titration. 
Such methods are time consuming and require opera 

tor skill. The accuracy of the test is often directly re 
lated to the skill and care exercised by the operator. 
Further, while such tests are largely repetitious, an 
operator is substantially limited in the number of tests 
which can be performed in a given period. In many 
instances, such as in quality control work, the time 
required for a single test, i.e. as much as 2 hours or 
more, greatly inhibits plant operations such that pro 
cessing conditions are normally two hours ahead of the 
test results. This requires advance interpretation of pro 
cessing conditions and estimations as to when the prod~ 
uct is within speci?cations. 

It is an object of the present invention to provide an 
apparatus which automatically and quickly determines 
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2 
the amount of volatiles in a substance in a fraction of the 
time previously required. 

It is a further object of the present invention to pro 
vide an apparatus which will prepare bone dry samples 
without destroying or damaging the same, which sam 
ples can be used in subsequent analytical determinations 
which require dried samples. 

It is another object of the present invention to pro 
vide a method which eliminates the need for operator 
skill in determining the amount of volatiles in a sub 
stance, reduces or eliminates the chance of human error 
and reduces testing time to minutes or seconds per sam 
ple. 
These and other objects will become apparent to 

those skilled in the art from the description of the inven 
tion which follows. 

THE INVENTION 

In accordance with the invention, an apparatus is 
provided for automatically computing the volatiles in a 
substance containing a polar solvent comprising auto 
matic weighing means, microwave heating means, pro 
grammed controller means, memory circuit means, 
analog divider means and information readout means, 
said automatic weighing means being positioned within 
said microwave means, said controlling means being 
electrically connected to and programmed to sequen 
tially actuate said weighing means, microwave heating 
means, memory circuit means, analog divider means 
and information readout means. 

Additionally, the invention provides a method for 
automatically computing the amount of volatile polar 
matter in a substance containing the same, comprises 
programming and electrobalance positioned within a 
microwave oven to sequentially weigh the substance, 
actuate an electrical signal from said electrobalance to a 
memory circuit to record weight, subjecting the sub 
stance to microwave heating for a period of time suffi 
cient to remove said volatiles, reactuating said electro 
balance to reweigh and record in a memory circuit the 
second weight of said substance, electrically feeding the 
recorded weights to an analog divider, computing the 
change in weight in said analog divider and transcribing 
the output signal from said analog divider into readable 
form. 

Various alternatives can be utilized with the present 
apparatus such as automatic recording means to print 
out the information obtained from said analog divider as 
a permanent record, digital panel meters to give a direct 
visible readout or other like transcribers well known in 
the art. 

DETAILS OF THE INVENTION 

The invention is more readily described by reference 
to the drawing which is a partial schematic and electri 
cal diagram of a preferred embodiment of the present 
invention. 

Referring more particularly to the drawing, the appa 
ratus of the present invention utilizes an automatic bal 
ance, preferably an electrobalance, or other automatic 
balance which can be equipped to give an electrical 
signal proportional to the measured weight. The auto 
matic balance is positioned within a microwave heating 
chamber such as is known in the art as a microwave 
oven. The preferred mode of positioning utilizes a top 
loading electrobalance which projects through the floor 
of the oven. The parts of the balance projecting into the 
microwave oven are preferably composed of materials 
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which are transparent to the microwaves thereby elimi 
nating heating of the balance, during the conduction of 
the tests. Typically, a polypropylene, Te?on, polycar 
bonates, polyester and the like plastics are used for the 
stem and balance plate. For certain uses wherein addi 
tional heat is desired to aid in drying the sample, heat 
generating parts such as the balance plate or sample 
container can be used. Glass is particularly suitable 
because it normally has suf?cient moisture trapped 
therein to generate heat when subjected to the noted 
radiation. 
The microwave oven may be of conventional design 

having proper radiation shielding. It is, however, par 
ticularly desirable to make certain modi?cations to such 
conventional ovens to improve the heating ef?ciency 
for the present use. Firstly, it is desirable to utilize a 
radiation mixer to mix and disperse the radiation. Vari 
ous radiation mixers are known in the art. Normally 
they are rotating metal fan-like machines which re?ect 
the radiation. Such mixers avoid the production of hot 
spots which could decompose or destroy part of the 
sample being tested. 

Additionally, it is particularly desirable to equip the 
oven with other radiation absorbing materials. Such 
other materials will couple with the radiation being 
emitted in the oven and thus prevent decomposition of 
the sample due to excessive radiation. Secondly, by 
having a radiation coupling material present, the life of 
the magnetron is increased. Thirdly, the coupling mate 
rial prevents excessive leakage of radiation from the 
oven. 

A preferred coupling material is water although any 
other polar substance could be used. It is preferred to 
circulate the coupling material through the oven in 
radiation transparent tubing. The amount of coupling 
material used can thus be readily regulated and adjusted 
to the desired volume. 
A further useful modi?cation of the oven is the utili 

zation of an additional heat source. While the radiation 
energy alone is sufficient to quickly dry the sample, the 
application of circulating heated air promotes even 
faster drying. This modi?cation can be readily accom 
plished by directing a stream of air across the magne 
tron, which normally requires cooling, and hence di 
recting the thus heated air toward the sample positioned 
in the oven. 
As is recognized in the art, microwave radiation is 

absorbed by water and polar organic molecules causing 
an increase in molecular motion. Due to the absorption 
of radiation energy, the water and polar solvents are 
selectively heated and removed through vaporization. 
The operation of the apparatus is controlled by a 

programmed controller 14 which is programmed to 
automatically actuate the various components in the 
system in conjunction with timer 16. The apparatus is 
operated by ?rst placing a sample of material to be 
tested on the electrobalance 12 in microwave oven 10. 
The program sequence is then initiated by an operator, 
such as by pushing start button 18. 
The size of the sample can vary with the instrument 

size, electrobalance weight range and accuracy of test 
results desired. The electrobalance and microwave 
oven can be sized to the intended usage. However, it is 
understood that the basic usage of the present apparatus 
is for analytical purposes and. as such, analytical weight 
ranges and sizes are noramlly used. This is best sized 
such that the sample will give at least about a 100 milli 
gram weight loss for the preferred electrobalance. It is 
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4 
of course readily apparent that more sensitive electro 
balances can be used for smaller samples, but such are 
generally impractical except for specialized usages. 
Therefore, the preferred sample weight range is about 1 
to 20 grams for most usages. Weights of up to 1000 
grams or more can be used with the proper selection of 
the electrobalance. 

Electrobalance 12 electrically signals the weight of 
the sample to input ampli?er 20 and hence to sample 
and hold ampli?er 22. Sample and hold ampli?er 22 and 
24 are analog memory devices or memory circuits. 
Input ampli?er 20 provides a buffer between the elec 
trobalance and storage circuits 22 and 24. Additionally, 
such input ampli?er is used for noise ?ltering and signal 
polarity inversion. 
Programmed controller 14 having caused the initial 

weight of the sample to be stored in memory circuit 22 
then actuates the microwave oven magnetron 10 
through timer 16. Timer 16 is preset to maintain micro 
wave oven magnetron on for a period of time sufficient 
to drive off volatile material from the sample. The par 
ticular time required depends largely with the material 
being analyzed and the volatile material being removed. 
The most preferred time is readily determined empiri 
cally and can vary from as little as about ?ve seconds to 
as long as about 10 minutes. Normal test times are in the 
range of about 1 to 5 minutes for most volatile materials. 
The particular time required is largely dependent on the 
radiation absorption coef?cient of the particular vola 
tile material. It should also be noted that when a polar 
material is present, other nonpolar volatiles will be 
removed due to the heating effect of the polar material. 
The oven magnetron is preferably of standard manu 

facture having a power output of 500 to 800 watts and 
a frequency within the government approved ranges. 
The United States Federal Communication Commission 
has designated the frequencies of 915 and 2450 mega 
hertz as suitable for such magnetrons. Smaller magne 
trons could be used with a corresponding limitation of 
versatility. Larger magnetrons could also be used but 
are generally unnecessary for normal analytical usage. 
In all instances, adequate radiation shielding is provided 
along with safety interlocking switches to eliminate the 
possibility of radiation leaking from the oven. 

After completing the timed magnetron sequence, the 
timer shuts down the magnetron and signals the pro 
gram controller 14 to continue. Program controller 14 
senses electrobalance 12 output signal which is propor 
tional to the ?nal weight. Such ?nal weight signal trav 
els through input ampli?er 20 to sample and hold mem 
ory circuit 24 for retention. Controller 14 then obtains 
the difference between initial weight stored in memory 
circuit 22 and ?nal weight stored in memory circuit 24 
by means of differential ampli?er 26. A signal represen 
tative of the weight difference from differential ampli 
?er 26 is fed to analog divider 30 along with the frac 
tional initial weight signal times 0.01 obtained from 
?xed ratio circuit 28. It should be noted that ?xed ratio 
circuit 28 can be eliminated if a readout of weight differ 
ence only is desired. However, in instances where it is 
desirable to claculate the percentage of volatiles di 
rectly, ?xed ratio circuit 28 is desired. 
Analog divider 30 emits an electrical signal propor 

tional to the percentage of volatiles, that is the weight 
differential divided by ?xed ratio circuit 28, which sig 
nal is stored by program controller for transcription and 
readout. 
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The information readout from program controller 14 
can be in any of the known forms of computer readout. 
Such forms include printed copy, digital panel meter 
readings, direct feed to other computers or to control 
ling process mechanism and the like. A preferred mode 
of readout is the digital panel meter 32. Such meter used 
in conjunction with indicators 34 are particularly help 
ful in normal testing procedures. Indicators 34 designate 
by code, numerals, lights or the like signals the particu 
lar readout being shown on digital panel meter 32. Such 
readouts include the initial sample weight, ?nal sample 
weight, the difference between initial and ?nal weight 
and percent of volatiles in the sample. Such indicators 
are further useful when used in conjunction with pro 
gram controller 14 so as to indicate on the digital meter 
the particular stage of analysis. Such indicators are also 
particularly desirable for use with memory recall, such 
as when it is desirable to recall one or more of the noted 
measurements. Such recall is useful where the operator 
may want to recheck initial weight and weight changes 
to check calculations. Push buttons or electrical 
switches can be provided so that the operator can reex 
amine these data on the digital panel meter. 
Where printed readout is utilized, such recall is not 

necessary since the readout is on printed copy. 
The repushing of start button 18 erases program con 

troller memory units from the previous test and reiniti 
ates a new testing sequence. 
While the present apparatus has been described more 

particularly as an analytical instrument, it is recognized 
that it can be readily adapted to other uses such as in 
line production control, production usage and the prep 
aration of dried samples for further testing or other uses. 
What is claimed is: 
1. An automatic volatility computer comprising auto 

matic weighting means, microwave heating means in 
cluding an enclosed heating chamber and a microwave 
energy source transmittably connected therewith, a pro 
gram controller means, memory circuit means, differen 
tial ampli?er means, analog divider means and informa 
tion readout means, said automatic weighing means 
being at least partially positioned within said microwave 
heating [means] chamber, said controlling means 
being electrically connected to and programmed to 
sequentially actuate said weighing means and [mir 
crowave] microwave heating means, said weighing 
means being [electrially] electrically connected to said 
memory circuit means and hence to said differential 
ampli?er means, said analog divider means being elec 
trically connected to said differential ampli?er means 
and said memory circuit means, the output thereof 
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6 
being electrically connected to said information readout 
means. 

2. The apparatus of claim 1 wherein said microwave 
[heating means] energy source is a magnetron radiation 
tube of 500 to 800 watts. 

3. The apparatus of claim 1 wherein said information 
readout means is a digital panel meter. 

4. The apparatus of claim 3 wherein said digital panel 
meter is equipped in conjunction with said program 
controller means and memory circuit means with mem 
ory recall means. 

5. The apparatus of claim 1 wherein said information 
readout means is a printer for the production of printed 
copy of recorded and calculated results. 

6. The apparatus of claim 1 wherein analog divider 
means is preset to calculate the weight differential as 
percentage weight loss. 

7. The apparatus of claim 1 wherein the microwave 
heating means has radiation coupling means associated 
therewith. 

8. The apparatus of claim 1 wherein the microwave 
heating means has radiation mixing means associated 
therewith. 

9. The apparatus of claim 1 wherein heating means in 
addition to microwave means is provided. 

10. A method for automatically computing the 
amount of volatile matter in a substance containing the 
same comprising programming an electrobalance posi 
tioned within a microwave oven to sequentially weigh 
the substance, actuate an electrical signal from said 
electrobalance to a memory circuit to record the 
weight, subjecting the substance to [mircrowave] 
microwave heating for a period of time suf?cient to re 
move the volatiles, reactuate said electrobalance to 
reweigh and record in a memory circuit the weight of 
said substance, electrically feeding said recorded 
weights to a differential ampli?er and hence to an ana 
log divider, compute the change in weight in said di?fer 
ential amplifier and feed the results to said analog divider 
and transcribe the output signal from said analog di 
vider into readable form. 

11. The method of claim 10 wherein the volatile mat 
ter computed as present in a substance is the polar sol 
vent therein. 

12. The method of claim 10 wherein the microwave 
heating is for a period of 5 seconds to 10 minutes. 

13. The method of claim 10 wherein the weight of the 
substance containing volatiles is within the range of 
about 2 grams to 1000 grams. 
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