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POINT / (71)     e, EXXON  RESEARCH  AND  required for the respective
grades the air ENGINEERING COMPANY, formerly  Esso  flow is stopped and a
laboratory inspection  50 Research   nd Engineering Company, a  sample is
removed. The asphalt then is kept Corporation duly organised and existing
at 480 to 5000F. until the laboratory reports 5 under the aws of the State
of Delaware,  its findings some two hours later. If the United St es of
America, of Linden, New  softening point is found to be too low, air
Jersey, Un ed States of America, do hereby  blowing is resumed for a
relatively short 55 declare th  invention, for which we pray  period of
time. If, on the other hand, it is that a patent may be granted to us, and
the  too high, the asphalt is pumped into a stor- 10 method bywhich it is
to be performed, to  age tank for reblending. The foregoing pro- be
particularly described in and bythe fol-  cedure has proven to be quite
unsatis- lowing statement: -                     factory because not only
is product quality  60 The pre nt invention relates to ai method  control
very poor-in fact, inspection of and a system  for the electronic mea-  the
finished products has revealed that only 15  surement  of  the  end  point
of  a  40 to 50 per cent of them are within the process,    which  certain
preselected  specified limit-but the tower capacity is characterisics  of
a  product  being  reduced by necessitating the holding of the 65
manufactured  are  continuously  moni-  product while awaiting inspection
results. tored and  mpared with a reference stand-  Further, the delay is
objectionable in terms 20  ard simulating desired characteristics of the
of product quality, since it has been found product,  ereby when the
difference be-  that even without air flow the viscosity and tween the
actual product characteristics  hence the softening point of the oxidized
70 and the reerence standard is substantially  asphalt may increase during
this waiting zero, this is shown on a readout device, thus  period. The
term  " softening point " as 25  making th operator aware that the desired
used in this specification is intended to mean end point   been attained
and the process  that the temperature at which the asphalt may be sto ped
for transfer of the product  contained within the confines of a ring can 75
to a stora  area or the like.           no longer support the weight of a
steel ball Although the present invention will be  of a diameter smaller
than the inner dia- 30 described with regard to a preferred em-  meter of
the ring. A detailed description of bodiment involving asphalt oxidation,
that this well-known Ring and Bell measurement is to say b wing molten
asphalt with air it for determining the softening point is given 80 will be
apparent to those skilled in the art in ASTM Method D36-66T. that the in
ention generally is applicable to    Depending on the extent of the air
blow- 35 other plant perations. Heretofore the dura-  ing process, it is
possible to produce mate- tion of the air blowing process used to pro-
rials having desired softening points rang- duce oxidid asphalt has been
based on  ing from below 100 to over [err] The 85 semi-empi  al relation
between the length  higher the softening point range the greater of time
air s blown and the softening point.  is the duration of air blowing
required and 40 Generally,  e operation requires that air  thus, the time
required for the product to be blown t rough the asphalt at a tempera-
remain in the tower is greatly increased and ture of [err] for about six
hours to  the total throughput, particularly during 90 achieve an asphalt
grade having a soften-  peak seasons, is reduced considerably. ing point
ging from 190 to [err] (com-    Various attempts have been made to find 45
monly kn    as 180-ox), or igh hours  a satisfactory way to increase the
capacity for an asphalt grade having a softening  of the plant. To provide
an additional tower point rang from [err] (commonly  is not very attractive
because the plant capa- 95 known as 220-ox). At the end of the period  city
is exceeded only during periods of peak    2
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demand. Another possibility is to blend one  quency of the alternating
field is less. or batch of the product having a softening  smaller than the
natural vibrational fre- point that is too high with another batch  quency
of the polar molecules. having a correspondingly lower softening    In the
case of an asphalt air blowing pro point. By blending the two in a storage
tank,  cess, it is important to note that once on 70 it is sought to obtain
a final product with-  temperature and at a preselected frequency in the
established specification. While this  of lKHZ the resistance of the
asphalt in- approach might yield an acceptable soften-  creases as air
blowing progresses, while the ing point, other physical characteristics
capacitance and hence, the dielectric con- 10 have been found to be
adversely affected.  stant of the asphalt remains essentially con- 75 It is
apparent from the foreg ng unsuccess-  stant. This confirms that the
increased vis- ful prior art attempts in increase plant capa-  cosity of
the air blown asphalt is not due city and product quality, th t a new tech-
to oxidation of its constituents, but is due nique is required to overco e
the failures  to polymerization. For the purposes of this 15 and
difficulties encountered,  d simultane-  invention and for reasons obvious
to those  80 ously to provide for close   duct quality  skilled in the art,
frequencies ranging from control and with an increase in plant capa-  [err]
HZ can be used, although. fre- city by eliminating thelengt  waitingtime
quencies of [err] are preferred for laboratory evaluation    the various
and frequencies between 500 and 50,000 HZ 20  samples.
are most preferred.                      85 The present invention overcomes
or    Thus, it is seen that a material can be mitigates both these and
other prior art  phenomenologically described as a com- deficiencies by
providing an electronic mea-  bination of i capacitor and a resistance,
suring process and system wl ich, in general  provided, of course, that the
appropriate 25  terms, continuously monitors certain pre-  capacitance and
resistance values are known  90 determined characteristics of a product and
at a preseldcted frequency, for example compares these characteristics with
those  1KHZ By ascribing characteristic capacit- simulated by a reference
st dard. Before  ance and resistance values to the two grades going into
the various deta  of the specific  of asphalt (180-ox and 220-ox), under 30
system contemplated by the  present inven-  consideration in regard to the
preferred  95 tion, it may be well to go  to the theore-  embodiment, it is
possible to compare the tical background of the pre ent invention.
electrical characteristics of an actual sys- When a material is subjec ed
to an alter-  tem undergoing air blowing with the pre- nating electrical
field, its response to the  determined desired final electrical. equi- 35
field can be described phenomenologically  valent. In this manner, the
extent of differ- 100 in terms of a capacitor and a resistor con-  ence
between the two values indicates how nected either in series or p rallel
relation. far off the actual material's properties are The capacitor
represents the material's  from those of the desired finished product.
ability to store electrical energy reversibly,  To carry out the foregoing
comparison on 40  while the resistor indicates the irreversible  a
continuous basis, the present invention 105 dissipation of electrical
energy.        contemplates employing a monitoring sys- In a system of
polar molecules, an alter-  tem using a circuit capable of determining
nating electrical field will cause displace-  independently the unbalance
of both the ments of the molecules fr   their equili  capacitive and the
resistive component. 45  brium position as they try   orient them-
Although the resistance comparison is the 110 selves with respect to the
field. This motion  primeconsideration in this case, the capacit- is
opposed by the environment in which the  ance reading is useful in those
instances molecule moves. The envircnmental effects  involving chemical
changes occurring dur- may come from interaction of the dipoles  ing
processing. 50  themselves or from interactions of the di-   According to
the present invention there 115 poles with other molecules. In either case
is provided a method for determining the the net effect will be a slowdown
of the  end point of a process employed in the motion of the polar
molecules preventing  manufacture of a liquid product containing them from
moving in phase with the applied  polar molecules which are displaceable
from 55 field. The resistance of the medium repre-  their equilibrium
position upon application 120 sents the microscopic viscosity existing in
of an alternating current thereto, compris- the vicinity of the dipoles. It
has been re- ing the steps of: cognized that the electrical resistivity or
its - (a) electrically simulating at a presel- inverse, the electrical
conductivity, of a  ected frequency at least one of the desired 60
suspension of polar molecules in a nonpolar  physical properties of the
final product;    125 environment is directly related to viscosity   (b)
continuously electrically measuring of the system. It is therefore possible
to  at said frequency, by means of electrical 



correlate changes in the electrical resistivity  sensor means in contact
with the product or conductivity of a system to its internal  during
manufacture, at least one electrical 65  or microscopic viscosity, provided
the fre- property characteristic of the physical state 130    3
1,453,721                                      3 of the act al product
while undergoing  one or more selected electrical properties of manufacture
, each said measured property  the product during the manufacture there-
being the  ame as each said electrically  of; a reference standard network
for elec- nulated   ysical property in step (a);  trically simulating at
the preselected fre- 5   (c) elec  ally comparing at least said  quency one
or more selected predetermined  70 one electrically simulated physical
property  corresponding reference electrical proper- of step (a) ith the
corresponding said mea-  ties of the final product; means connecting sured
elect cal property of step (b);     said monitoring means and said
reference (d) dete  ining the difference between  standard network in an
electrical com- 10  the electrical properties being compared in  parison
configuration having output ter- 75 step (c), p  cess end point being
indicated  minal means; means adapted for supplying by substant al
correspondence of these pro-  an excitation signal to said configuration at
perties.                                 the preselected frequency, said
excitation In accordance with the invention the  supplying means being
connected to means 15  method is  pplicable to the determination  including
first and second channels, said  80 of the end  int of an air blowing
process  first channel including an inverting ampli- employed      asphalt
manufacture; the  fier and said second channel including a method the
comprising the steps of:       non-inverting amplifier for providing
out-of- (a) elec rically simulatingat a presel-  phase and in-phase
excitation signals respec- 20  ected frequncy at least the desired
viscosity  tively to said reference standard network  85 of the fin
asphalt;                      and said monitoring means; output circuit (b)
con  uously electrically measuring  means connected with said output
terminal at said f  uency, by means of electrical  means for sensing any
unbalance and pro- sensor me  s in contact with the asphalt  ducing an
output signal representative of 25  during blo  ng, the corresponding
electrical  any unbalance; phase sensitive demodul- 90 property c
aracteristic of the viscosity of  ator means for receiving and resolving
said the asphalt undergoing manufacture;       output signal into resistive
and reactive (c) com  ring electrically the electric-  components, said
demodulator means also ally simulad viscosity of step (a) with the  being
connected for receiving said excita- 30  actual measured electrical
property of step  tion  signal to provide . phase reference  95 (b); and
signals enabling the resolving, thereby to (d) dete  ining the difference
between  provide a resultant resolved output signal the proper es being
compared in step (c)  which is a function of the comparison of the so as to
in icate attainment of process end  said one or more selected electrical
proper- 35  point.                                   ties with the said one
or more reference 100 Further n accordance with the inven-  electrical
properties, thereby determining tion an asp alt air blowing process
including  the process progress and end point. the end po t determination
method of the    The sensor means, such as a admittance invention   mprises
the steps of:        or conductivity cell can be, for example, 40    (a)
maintaining the asphalt in a molten  mounted in a tank or tower containing
the 105 condition a an elevated temperature;      product so as to be in
contact therewith. (b) blowing air through said  molten    More
specifically, the present invention asphalt;
contemplates continuously monitoring the (c) con nuously measuring the
electri-  electrical properties of the material by 45  cal resistance
characteristic, characterizing  means of an admittance sensing test cell.
110 the viscosi y of the asphalt, during the  The sensed electrical
properties of the blowing;                                  actual material
are compared electrically (d) elerically comparing the measured  with a
reference standard comprising a com- electrical  sistance characteristic of
the  bination resistor-capacitor network. Also, 50  asphalt wit a
predetermined electrical re-  the reference standard may comprise a 115
sistance ref rence standard which sinulates  sample of the finished product
provided that electrically the viscosity characteristic of  the product
material is stable under the the desired nd point product of the asphalt
prevailing physical conditions anr its elec- blowing prcess;
trical properties remain constant with time. 55   (e) dete mining the
difference between  The test cell and the reference standard are 120 



the measur d and simulated values of step  connected in an impedance
comparison (d) and ten inating said blowing of air when  configuration. A
master oscillator and phas- said measu ed electrical resistance charac  ing
system  provide excitation and unbal- teristic sub antially corresponds to
said pre-  ance is sensed by a preamplifier whose out- 60  determined
resistance reference standard.  put is fed to a demodulation or phase
sensi- 125 Still fur er in accordance with the inven-  tive detecting
section. There the output tion there i provided a system for calculat-
signal is compared with the original excita- ing the af  said end-point
determination,  tion signal, and is resolved into a resistive said system
comprising: means for continu-  and a reactive component. This comparison
65  ously monitoring at a preselected frequency  is performed by means of
phase sensitive 130    4                                        1,453,721
4- detectors whose outputs are used to drive  windings [err] there appears
a voltage signal the final displays or readout devices. The  E having a
phase angle of [err] and across the 60 said excitation is accomplished by
feeding  lower secondary winding [err] there appear the oscillator signal
to an  verting ampli-  a voltage signal E having a phase angle 60 5  fier
and a noninverting a plifier, which   180. This excitation voltage is
controlled   - provide out-of-phase and i       excita-  and therefore can
be considered as stable. tion respectively. Since normally the test  Thus,
there is formed a pair of commonly  65 cell is located remotely fro  the
reference  connected symmetrical circuits. The signal standard,
interconnecting co  ial cables are  E  <0 generates a current i2 which 10
used wherever necessary. Th foregoing des-  represents  certain
characteristics  of cribed system of the presen   t   has  the actual
material being sampled  by distinct advantages over th  prior art in  the
test  cell. The  signal E<-180  70 that it is low in cost by    ue of the
fact  generates  a  current  [err]  which  repre- that it uses commercially
available items,  sents predetermined simulated character- 15  for example,
the test cell; it is adaptable for  istics -of the desired end product.
These use in multiple tank or tower operations;  signals flow from each
circuit through the it is simple in that operat r adjustments  common lin
16 where they add vectorially  75 are minimal; it is weatherpro f and
provides  and depen  g upon the phase angle rela- a readily ascertainable
null   readout;  tionship bet een the respective signals, the 20  it is
serviceable since it is of  modular con-  meter M w   provide a readout
representa- struction and employs soli  state devices  tive of this
summation. The readout will and integrated circuits whe  possible; and
permit determination as to whether the  80 it is safe in'that low voltages
areused and is  desired e point has been obtained. A readily adaptable to
explo on-proof con-  zero or nu  -reading will occur when the 25
structions. A further signifi  t advantage  absolute values are identical
and the phase of the present system is t at the control  angles thereof are
such that the vector sum- signals produced thereby   available for  mation
is zro. If the phase angle of the  85 purposes of automation, if desired.
signal representative of the sampled mate- The invention will now b
described, by  rial, which angle is determined by the ratio 30  way of
example only, with r ference to the  of resistive to reactive component,
differs accompanying drawings in which:         from that of the reference
standard, then a readout other than zero will appear and  90 Fig. 1 is a
schematic re resentation of  the operato is aware that further process- the
general- principle involved in the inven-  ing is requited. tion.
Fig 2 illustrates a block diagram of the 35   Fig. 2 is a schematic block
diagram show-  system according to the present invention ing a preferred
embodimen of this inven-  while Fig. 3 illustrates specific details there-
95 tion; and                                of. The electrical properties
of the sample Fig. 3 is a schematic wiring diagram of  material Uider test
are monitored by a the schematic of Fig. 2 showing the details device such
as an admittance cell generally 40  of -the present invention.
indicated as       cll equivalent is shown In Fig. I there is disclosed a
bridge cir-  in Fig. 3 by parallel capacitor 2l -resistor 100 cuit
configuration, general  denoted 10.  22 network. Preferably the test cell-
has a The bridge 10 comprises an input excitation  plurality  of
capacitor-resistor  (21-22; transformer T1 having a primary winding
21'-22', etc.) networks each of which has 45  [err] and a pair of split
piase secondary  a different value corresponding to the windings [err]
haing a common  desired grade of asphalt. A switch 27 may 105 grounded
terminal 11. Each of the second-  be provided to permit the operator to
select 



ary windings [err] are connected  the appropriate reference
capacitor-resistor in one-half of the bridge circuit in series  combination
corresponding to the desired 50 with impedances 12 and 13, and impedances
grade to be sampled. For example, to moni- 14 and 15, respectively, and a
common line  tor separately the production of two grades 110 16 connecting
a readout display such as a  (180-ox and 220-ox) of oxidized asphalt, null
meter M between common ground 11  the desired softening point
specifications for and common terminal 17. An excitation  these two
products and their corresponding 55  voltage signal E is applied to the
primary  typical electrical specifications at lKHZ winding T1 and appears
across the second-  (which are, therefore, used as the electrical 115 ary
windings as equal and opposite volt-  specifications for the reference
standard 24) ages, that is across the upper secondary  are as follows:    5
1,453,721                                      5 Softening       Resistance
Product          Point           Range        Capacitance Grade
Range [err]        Megohms           PF 5                180-ox.
190-200         1.55-1.70        50+1 (R25)          (C26) 220-ox.
220-230         2.70-2.80         50+1 (R251)         (C261) To accu tely
define the desired physical  quite some distance D, for example, 200 10
characterist  of the finished product (so as  feet to then accurately
define corresponding    The excitation circuit 35 comprises the  65
electrical p  perties of that product), is is  amplifiers 36 and 37 which
are of conven- important that a reliable laboratory test,  tional solid
state design. The incoming such as the  oresaid Ring and Ball ASTM   signal
supplied by the master oscillator 28 is 15  Method D3   66  be employed in
measur-  fed to the inverting amplifier 36 and the ing the desied softening
point for this pur-  noninverting amplifier 37. These two ampli- 70 pose.
The reference standard 24, which  fer circuits provide out-of-phase [err]
and simulates e ctrically the desired 'hysical  in-phase [err] excitation,
respectively. Each characterist s of the finished product, com-  amplifier
may comprise a plurality of stages; 20 prises a co  ination of a parallel
connected  however, the output stage of each of these resistor 25   d a
capacitor 26. The standard  amplifiers preferably is connected in voltage
75 24 in turn i connected in parallel with the  follower or common
collector configura- test cell 20. s shown in Fig. 3, the standard  tion to
provide a low impedance drive for 24 may comprise a plurality of resistor-
the bridge. Also, the configuration of each 25 capacitor n tworks (25-26;
25'-26', etc.)  channel is arranged so as to provide a each of which
corresponds to a different  minimum of undesired signal quadrature, 80
grade of asphalt. A switch 23 is provided for  that is, unwanted 900
components. These selection b    operator of the particular  signals [err]
are coupled to the refer- tower bein  tested.                      ence
standard 24 and the test cell 20 by 30    A  maste  oscillator 28 and a
phasing  means of co-axiat cables 38 and 39, respec- section 29  rovide
excitation, and any un-  tively. This arrangement allows the sample 85
balance is sensed by a preamplifier 26 and  test cell and the reference
standard to be is transmit   to a demodulation section  located remotely
from the excitation section generally indicated as 30 comprising a pair
35. Although the coaxial cables 38 and 39 35  of phase se sitive detectors
31 and 32 whose  may be of any reasonable length, it is operation i well
known and does not per se  important that cable balance be maintained  90
form  part  f this invention. The. sensed  and thus, equal lengths of the
same type of signal outp t of the preamplifier 26, which  cable are
essential in connecting the cell 20 contains restive and reactive
components,  and the reference standard 24 to the excita- 40  is compare
with components of the original  tion section. excitation signal supplied
to the phase sensi-    The preamplifier 26 functions as a current 95 tive
detect   31 and 32 from the phasing  detector and may comprise amplifiers
40 section 29  hich receives the oscillator out-  and 41, which preferably
are arranged in a put signal.  he comparison is performed by  current
sensing operational configuration. 45  the phase  ensitive detectors 31 and
32  This configuration is designed to function so whose outputs, as
indicated in Figs. 2 and 3  that it provides stable current amplification.
100 are used tdrive the final displays or, in  Any unbalance current flows
into the input other wo  , to provide a meter readout 33  terminal 42 and
the output voltage of the 



for the ca  citance and a meter readout 34  preamplifier 26 then will
comprise the pro- 50  for the resitance. The capacitance is ndi-  duct of
the sensed bridge unbalance current cative of di lectric constant, while th
resist-  times the value of the feedback resistor 43. 105 ance, whic is the
more significant readout,  The amplifier 40 is an electrometer that is, is
indicative of viscosity. If desired, the  it has a high input impedance
input device capacitanc readout 33 may be eliminated.  connected in an
inverting mode while the 55   Physically , the electronic systeni is di-
amplifier 41 is a noninverting fixed gain vided into   o separate units
referred to as  device that is used to increase the overall 110 the measu
ment section and the readout  loop gain at the operating frequency. This
section. Thmeasurement section is located  arrangement provides for an
extremely outdoors near the tanks or towers (not  stable sensitive current
detector. As shown 60  shown) ho sing the asphalt or other mate-  in Fig. 3
the reference standard 24 and the rial underg ing manufacture. These units,
test cell 20 are connected by means of co- 115 as shown i Fig. 2, may be
separated by  axial cables 44 and 45 and 46 to the input    6
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preamplifier 26. As men-  tapped windings 66-67 and 68-69. The tioned
heretofore in regard to the input  phase detectors operate in substantially
con- coaxial cables 38 and 39, the output coaxial ventional fashion by
comparing the input cables 44 and 45 should be of equal lengths  signal
phase with the corresponding phase of 5 and of the same type of cable in
order to a reference excitation. The capacitance 70 provide a properly
balance  system.      readout meter 33 is connected between the The readout
section comprises the oscil-  center tapped secondaries of transformers
lator 28 which has excellent frequency stab-  58 and 62 (66-67) and the
resistive read- ility and purity of wave fo   and operates  out meter 34 is
connected between the cen- 10 at about lKHZ. The oscillator per se is  ter
tapped secondaries of transformers 59 75 conventional. To provide  eater
sensitivity  and 62 (68-69). Each meter 33, 34 has a selection the
oscillator output may be selec-  variable resistor 70, 71, respectively,
con- tively fed to a -suitable att nuator network  nected in series
relation therewith for pro- provided with a switch to select either high
viding a sensivity adjustment. The outputs 15 or low sensitivity. Althoug
not shown, a  of the phase sensitive detectors 31 and 32  80 voltage
follower (common collector trans- are bipolar DC signals which drive the
read- istor configuration) may be provided at the  out devices which
comprise DC microam- output of the oscillator 28 for purposes of  meters 33
and 34, respectively. Since bal- line driving and impedance isolation. Such
ance is represented by zero signal on each 20  configurations are characte
ized by high in-  meter, zero -center or a null reading are 85 put
impedance and low output impedance,  normally used for purposes of readout.
thereby to provide the desir d isolation.  Thus, the operator readily can
determine The oscillator signal al o is fed to a  whether the actual
product meets the de- transformer 46 in the phaing section 29.  sired
characteristics of the final product. 25  The primary of the transformer 46
corm-    The foregoing described electronic mea- 90 prises a pair of series
con ected windings  suring system achieves its purpose of eli- 47 and 48
connected to  ound 49. The  minating the waiting period for analytical
secondary of the transfo   r 46 comprises  results, and, at the. same time,
it insures a single grounded winding 50 and a pair of  much better product
quality because the 30  windings 51 and 52 ground d at their com-  operator
does not have to depend on arbitr- 95 mon junction 53. The tr  sformer 46'
is ary time  its for the various operating constructed so that the single
winding 50  times required to produce the finished pro- provides a direct
signal without any phase  duct. Thus, by monitoring the readout shift. The
secondary win  gs 51 and 52  meters 33 aid 34 (although 34 alone is suffi-
35  are connected in series rel tion with phase  cient), the operator
readily can determine 100 shifting network comprising a variable res-  when
the product is finished and ready for istor 54 and a capacitor 55, hich by
proper  transfer from the tower to the storage area adjustment of the
resistor 54, provides a  or the consumer. 900 phase. shift of the reference
signal   While the present system has been des- 40  applied thereto. The
latter signal is shown  cribed with specific reference to asphalt 105 as 02
in Fig. 3, while the n n-phase shifted  oxidization, it is within the scope
of this signal is shown by [err] A pair of power ampli-  invention to
extend its usage to other areas fiers 56 and 57 are conne ted in the lines
such as the control of water content of alco- containing the signals [err]
respec-  hols,. esters and ethers; the control of the 



45  tively, to provide the nec ssary amplifica-  purity of solvents such as
isoparaffins; the 110 tion required to drive the reference input  control
of oil content in waxes; and zinc di- phase detector transformers 58 and
59. Each alkyl dithiophosphate manufacture having transformer preferably co
prises a pair of 'an end point in neutralization of the corres- center
tapped primary win ings and a pair  ponding acid with zinc oxide, etc. 50
of center tapped second   windings. The    Further, it is within the scope
of this 115 detected unbalance signal obtained from the  invention to
employ solid state devices, such preamplifier output terminl 60 is
processed  as transistors, diodes, etc., wherever possible by an amplifier
61. This a plifier 61 pro-  and also, to use integrated circuits where
vides a relatively small  gain, but more  available with the desired
characteristics. 55  important, it compensates for fixed phase  Although
not specifically disclosed, it is 120 shifts that may occur in the system.
The  within the scope of those skilled in the art amplifier 61 may compri*
one or more  to provide suitable conventional power stages, and also may
include a power ampli-  supply where necessary. fier stage if deemed
necessary, to provide 60  an input drive signal to the signal input    WHAT
WE CLAIM IS: -                  125 transformer 62 of the  phase sensitive
1. A method for determining the end detectors 31 and 32. The primary of
trans-  point of a process employed in the manu- former 62 comprises a pair
of windings 63  facture of a liquid product containing polar and 64
grounded at their common junction  molecules Which are displaceable from
their 65  65. The secondary comprise s pairs of center  equilibrium
position upon application of an 130    6
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preamplifier 26. As men-  tapped windings 66-67 and 68-69. The tioned
heretofore in regard to the input phase detectors operate in substantially
con- coaxial cables 38 and 39, the output coaxial ventional fashion by
comparing the input cables 44 and 45 should be of equal lengths  signal
phase with the corresponding phase 5 and of the same type of cable in order
to  a reference excitation. The capacitance 70 provide a properly balanced
system.     readout meter 33 is connected between the The readout section
comprises the oscil-  center tapped secondaries of transformers lator 28
which has excellent frequency stab-  58 and 62 (66-67) and the resistive
read- ility and purity of wave form and operates  out meter 34 is connected
between the cen- 10 at about 1KHZ. The oscillator per se is  ter tapped
secondaries of transformers 59 75 conventional. To provide greater
sensitivity  and 62 (68-69). Each meter 33, 34 has a selection the
oscillator output may be selec- variable resistor 70, 71, respectively,
con- tively fed to a suitable attenuator network  nected in series relation
therewith for pro- provided with a switch to select either high  viding a
sensivity adjustment. The outputs 15  or low sensitivity. Although not
shown, a  of the phase sensitive detectors 31 and 32 80 voltage follower
(common collector trans-  are bipolar DC signals which drive the read-
istor configuration) may be provided at the  out devices which comprise DC
microam- output of the oscillator 28 for purposes of  meters 33 and 34,
respectively. Since bal- line driving and impednce isolation. Such  ance is
represented by zero signal on each 20   onfigurations are characterized by
high in-  meter, zero center or a null reading are 85 ut impedance and low
output impedance, normally used for purposes of readout. thereby to provide
the desired isolation.  Thus, the operator readily can determine The
oscillator signal also is fed to a  whether the actual product meets the
de- nsformer 46 in the phasing section 29.  sired characteristics of the
final product. 25    e primary of the transformer 46 com-   The foregoing
described electronic mea- 90 rises a pair of series connected windings
suring system achieves its purpose of eli- 7 and 48 connected to ground 49.
The  minating the waiting period for analytical secondary of the
transformer 46 comprises  results, and, at the same time, it insures single
grounded winding 50 and a pair of  much better product quality because the
30     dings 51 and 52 grounded at their com-  operator does not have to
depend on arbitr- 95 on junction 53. The' transformer 46 is  ary time
limits for the various operating constructed so that the' single winding 50
times required to produce the finished pro- rovides a direct signal without
any phase  duct. Thus, by monitoring the readout t. The secondary windings
51 and 52  meters 33 and 34 (although 34 alone is suffi- 35  re connected
in series relation with phase  cient), the operator readily can determine
100 hifting network comprising a variable res-  when the product is
finished and ready for tor 54 and a capacitor 55, which by proper  transfer
from the tower to the storage area 



djustment of the resistor 54, provides a  or the consumer. [err] phase
shift of the reference signal   While the present system has been des- 40
pplied thereto. The latter signal is shown  cribed with specific reference
to asphalt 105 [err] in Fig. 3, while the non-phase shifted  oxidization,
it is within the scope of this ignal is shown by [err] A pair of power
ampli-  invention to extend its usage to other areas ers 56 and 57 are
connected in the lines  such as the control of water content of alco-
ontaining the signals [err] respec-  hols, esters and ethers; the control
of the 45  ively, to provide the necessary amplifica-  purity of solvents
such as isoparaffins; the 110 ion required to drive the reference input
control of oil content in waxes; and zinc di- phase detector transformers
58 and 59. Each  alkyl dithiophosphate manufacture having ransformer
preferably comprises a pair of  an end point in neutralization of the
corres- center tapped primary windings and a pair ponding acid with zinc
oxide, etc. 50  of center tapped secondary windings. The    Further, it is
within the scope of this 115 detected unbalance signal obtained from the
invention to employ solid state devices, such reamplifier output terminal
60 is processed  as transistors, diodes, etc., wherever possible by an
amplifier 61. This amplifier 61 pro-  and also, to use integrated circuits
where ides a relatively small gain, but more  available with the desired
characteristics. 55    portant, it compensates for fixed phase  Although
not specifically disclosed, it is 120 shifts that may occur in the system.
The  within the scope of those skilled in the art mplifier 61 may comprise
one or more  to provide suitable conventional power tages, and also may
include a power ampli-  supply where necessary. er stage if deemed ne
essary, to provide 60   an input drive signal to the signal input  WHAT WE
CLAIM IS:-                  125 ransformer 62 of the phase sensitive    1.
A method for determining the end etectors 31 and 32. The primary of trans-
point of a process employed in the manu- ormer 62 comprises a pair of
windings 63  facture of a liquid product containing polar and 64 grounded
at their common junction  molecules which are displaceable from their 65
55. The secondary comprises pairs of center  equilibrium position upon
application of an 130    7                               1,453,721
alternating  urrent thereto, comprising the    7. A process for the air
blowing of as 65 steps of:                                 phalt comprising
the steps of: (a) elec rically  simulating  at a pre-    (a) maintaining
the asphalt in a molten elected frequency at least one of the  condition at
an elevated temperature; 5  desired physical properties of the final pro-
(b) blowing air through said molten as- duct;
phalt;                                    70 (b) con inuously electrically
measuring    (c) continuously measuring the electri- at said frequency, by
means of electrical  cal resistance characteristic, characteriz- sensor
means in contact with the product   ing the viscosity of the asphalt,
during the 10  during manufacture, at least one electrical  blowing;
75 property  aracteristic of the physical state  (d) electrical comparing
the measured of the actual product while undergoing electrical resistance
characteristic of the manufacture each said measured property  asphalt with
a predetermined electrical res- istance reference standard which simulates
being the same as  each said electrically  electrically the viscosity
characteristic of 15  simulated physical property in step (a);    the
desired end point product of the asphalt 80 (c) elerically comparing at
least said  blowing process; one elect cally simulatedphysical, property
(e) determining the difference between of step (a with the corresponding
said inea-  the measured and simulated values of step sured electrical
property of step (b);     (d) and terminating said blowing of air 20   (d)
determining the difference between  when said measured electrical
resistance  85 the electical properties being compared in  characteristic
substantially corresponds to step (c), rocess end point being indicated
said  predetermined  resistance  reference by substantial correspondence
of these  standard. propertie.                                  8. An
electronic measuring system for 25    2. A  method according to claim  1,
determining the end point of a process 90 wherein the said continuously
measured  employed in the manufacture of a product electric   property
characteristics of the  containing polar molecules which are dis- product
omprises resistance.             placeable from  their equilibrium
position 3. A method according to claim  1 or  upon application of an
alternating current 



30  claim 2, herein said electrical sensor means  thereto, comprising:
means for continu- 95 compris s means immersed in said product  ously
monitoring at a preselected frequency for elect ically measuring resistive
and capa-  one or more selected electrical properties of citive components.
the product during the manufacture there- 4.    method for determining the
end  of; a reference standard network for electri- 35  point o an air
blowing process employed in  cally simulating at the preselected frequ- 100
the ma  facture of asphalt comprising the  ency one or more selected
predetermined steps                                     corresponding
reference electrical proper- (a)  electrically simulating at a presel-
ties of the final product; means connecting ected f quency at least the
desired visco-  said monitoring means and said reference 40  sity of  e
final asphalt;                 standard network in an electrical com- 105
(b)   ntinuously electrically measuring  parison configuration having
output ter- at said frequency, by means of electrical  minal means; means
adapted for supplying sensor  eans in contact with the asphalt  an
excitation signal to said configuration at during blowing, the
corresponding electrical  the preselected frequency, said excitation 45
prope   characteristics of the viscosity of  supplying means being
connected to means 110 the asl alt undergoing manufacture;       including
first and second channels, said (c) comparing electrically the electric-
first channel including an inverting ampli- ally simulated viscosity of
step (a) with the  fier and said second channel including a actual measured
electical property of step  non-inverting amplifier for providing out-of-
50  (b) a d                                   phase and in-phase excitation
signals res- 115 (d) determining the difference between  pectively to said
reference standard net- the p  perties being compared in step (c) so  work
and said monitoring means; output as to indicate attainment of process end
circuit means connected with said output point.
terminal means for sensing any unbalance 55    5. A  method according to
claim  4,  and producing an output signal representa- 120 wher n said
electrical sensor means com-  tive of any unbalance; phase sensitive de-
prises a sensor immersed in said asphalt for  modulator means for receiving
and resolv- meas ring said electrical property character-  ing said output
signal into resistive and re- istic   said viscosity.
active components, said demodulator means 60    6. A method according to
claim 4 or  also being connected for receiving said ex- 125 clai  5,
wherein the measured electrical  citation signal to provide phase reference
property of said asphalt comprises its resist-  signals enabling the
resolving thereby to ance  hich is indicative of the viscosity of  provide
a resultant resolved output signal the   halt.
which is a function of the comparison of the    8
1,453,721                                         8 said one or more
selected elctrical proper-  ality of batches of said product, and switch
ties with the said one or more reference  means for selecting one of said
cells to electrical properties, thereby determining  monitor the electrical
properties of the sel-- the process progress and end point.         ected
one of said batches of said produce 5    9. An electronic measuring system
ac-    11. A method as claimed in claim 1 and  20 cording to claim 8,
wherein said reference  substantially as herein described with refer-
standard network comprises resistance and  ence to the accompanying
drawings. capacitance components of predetermined      12. A system as
claimed in claim 8 and value at the selected freque cy, which cor-
substantially as herein described with refer- 10  respond to
characteristics of a desired end   ence to the accompanying drawings.
25 grade of said product. 10. An  electronic  measuring system
K. J. VERYARD, according to claim 9, or clain 10, wherein             15-17
Suffolk Street, said monitoring means comprises a plurality
London S.W.1. 15  of cells for monitoring a corresponding plur-
Agent for the Applicants. Printed for Her Majesty's Stationery Office by
Burgess & Son (Abingdon), Ltd.-1976. Published at The Patent Office, 25
Southampton Buildings, London, WC2A lAY rom which copies may be obtained.


