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FOREWORD
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Principles Determining the Behavior of Macromolecules” with Dr. I. J.
Goldfarb (AFML/LNP) acting as task scientist. The work was administered
under the direction of the Air Force Materials Laboratdéry, Air Force

Systems Command, Wright-Patterson Air Force Base, Ohio.
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assistance in the experimental work.

This report covers research conducted from September 1968 to July
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ABSTRACT

The experimental apparatus for temperature programmed thermogravimetry
has been modified to more effectively obtain kinetic parameters for the
degradation of polymers. The thermobalance was modified to incorporate
direct sample temperature measurement thereby to minimize temperature
measurement errors. An automatic data acquisition system was incorpo-
rated into the apparatus and appropriate computer programs to handle the
magnetic tape data were written. The modified apparatus has been tested
with several polymer systems and it was demonstrated that the use of the
magnetic tape data recording system permitted greatly increased output

from the thermobalance.
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SECTION I

INTRODUCTION

In the previous report (Reference 1) a method of obtaining kinetic
parameters for the degradation of polymers using temperature programmed
thermogravimetry was described. The experimental procedures and a method
of processing TGA data on the computer were described including the
application of the technique to several polymers. The technique has
since been applied to a variety of polymer systems with considerable
success (References 2 and 3). Routine operation of the system revealed
two possible limitations to the accuracy and usefulness of the apparatus

in its present form.

1. The temperature of the degrading sample was assumed to be that
of a thermocouple placed near the crucible with some temperature

correction applied.

2. The output was limited by the speed at which data could be read

off the chart and prepared for processing by the computer.

Since the system had been shown to be capable of producing high
quality data, it seemed desirable to redesign the apparatus to remove

these limitations on its use. This is described in detail in the

following sections.




AFML-TR-68-181
Part III

SECTION II

MODIFICATION TO THE AINSWORTH RV THERMOBALANCE 10
INCORPORATE DIRECT SAMPLE TEMPERATURE MEASUREMENT

1. INTRODUCTION

In TGA it is customary to calibrate the temperature inside the sample
holder against an external thermocouple placed as close to the operating
position of the sample holder as possible, under normal run conditions
(heating rate, etec.) except that weight is not being recorded. Providing
the same conditions are observed during the normal run there is no
reason to suppose this technique is inaccurate. However, for a large
number of samples, heating rates, etc., this represents an inordinately
large number of calibrations and this still presupposes absolute
reproducibility of the two runs. A much more satisfactory method is to
measure the temperature of the sample directly during the degradation,
particularly in kinetic studies where temperature is so important. The
evaporation of material from degrading polymers can cause considerable
decrease in sample temperature, particularly when rate of weight loss is
high. For example, polytetrafluoroethylene loses 16%/minute at its

maximum rate of weight loss under the conditions used to study this

polymer.

2., MODIFICATIONS

The Ainsworth RV thermobalance used in this work is particularly
suitable for conversion to direct sample temperature measurement. All
of the parts are accessible when the cover is removed. The fact that
the balance is not the null deflection type poses some problem since, at
some stage, wires have to be taken from the beam to a measuring device
thereby interfering with the normal free swing of the balance. The
configuration of the wires described in this section was arrived at by

trial and error.

Figure 1 shows a general view of the balance with the bell jar in

place. Figure 2 shows the detailed arrangement of the connecting wires.
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Connecting loops of fine (0.003" diameter) thermocouple wire attached
to the beam and to the agate pivot by vacuum wax { also insulotes
wires on the metal beam ).

Glass Support
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Figure 1. Ainsworth RV Balance - General Arrangement with Wires
and Thermocouple Support System
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Figure 2. Details of Wires Attached to Balance Beam and the
Thermocouple/Support Arrangement
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Originally the balance was wired with Chromel/Alumel wire because of its
high millivolt per degree.output (0.04 mv/OC), but because the wire is
magnetic there was considerable interactionvwith the furnace electrical
supply up to 300°¢. Weight readings below this temperature could not be
used. The balance was later rewired with platinum-platinum/10% rhodium
wires which are nonmagnetic. The lower EMF was measured with a Digital
Voltmeter. The real problem in direct sample temperature and weight
measurement is in finding some way of transferring the EMF signal from
the balance beam without interfering with the weighing characteristics.
Any attachments to the beam have the potential of upsetting both the
sensitivity and the zero of the balance, especially as the Ainsworth is
not a null deflection balance. The wire attachments are shown in

Figure 2. Loop 1 joins the thermocouple/suspension to the beam.
Consider the effect of changes in sample weight on this loop. The
situation is shown in Figure 4. @, is the angle between the beam and
suspension, initially, and a, the angle after the sample has lost
weight. It can be seen that the arrangement of Loop 1 will tend to
restrict this motion and cause anomalous weight readings. The
arrangement of Loops 2 and 3 will have a similar effect. Loop 3 was
found to have a profound effect on the zero of the balance. Careful
arrangement of the length and position of the wires resulted in a stable
system provided certain limitations were recognized. Although this ‘
balance can follow weight changes up to 200 mg using multiple chart scans
the weight loss that could be followed was less than 10 mg, i.e. one span
of the recorder chart. Some relaxation effects were noted when the beam
was switched from one position to another by adding or subtracting 10 mg
to the counter weight. This limitation of 10 mg samples is of little
importance since heating effects and diffusion usually restrict sample
size. A detailed drawing of the support suspension is given in Figure 3.
Removing and rehanging the suspension was found to give small variations
in readings so the balance could not be used to measure absolute sample
weight. In practice this was not a problem since either the sample
degraded completely or the weight added to the crucible could be

measured with sufficient accuracy.
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. ™ Support hooks and
thermocoupie connections

J «— Tefion Block
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of quartz tubing

— ——

L
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straight
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Thermocouple Beaod

Figure 3. The Thermocouple/Support
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Figure 4. Effect of Sample Weight Changes on Beam Position
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The operation of the balance is very convenient for checking zero
and sensitivity, and long-term drift in both. If the balance is adjusted
to give a zero or 1007 reading on the chart, adding or subtracting 10 mg
by the remote control switches the balance from one extreme to the other.
In this way changes in zero and sensitivity can be detected and adjusted.
in anctice, as well as checking the sensitivity before a run, the
weight was arranged such that, at the end of the degradation, the balance
was close enough to the zerc position to allow switching and a further
check. Sensitivity variations were usually less than 17. The constancy
of buoyancy correction is another "built-in" check on the accuracy of

operation.

The weight of the Tefion block and quartz rod in the suspension was
found to give good electrical contact at the hooks. The black wax used
as an anchor for the wires on the balance beam also acted as an
effective insulator. To check the electrical integrity of the system,
the sample temperature as measured by the suspension was checked against

an independent thermocouple in the crucible. Variation was less than
1°c at 600°c.

3. TESTING UNDER RUN CONDITIONS

Since an extensive study of the degradation of polytetrafluoro-
ethylene had been made on the unmodified balance (Reference 1) a
complete kinetic analysis was carried out on the polymer using the

balance with the wires attached.

Samples of Teflon molding powder (8-9 mgs) were degraded at nominal
heating rates of 75, 150, 300, and 4583thcuz. The data was analyzed

by the standard procedures detailed in Reference 1.

A plot of Activation Energy against 7 weight loss is shown in
Figure 5, before and after balance modifications. The results of this
work show an average activation energy of 59.5 kcal compared with 69.3
kcal for the previous work (both for 10-80% of the reaction). The
earlier results, however, show a considerable increase in activation

energy after 50% weight loss.
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A better comparison of the result is obtained by comparing the
Arrhenius plots for the two series at 507 weight loss. The points at
lower heating rates in both cases fall on parallel straight lines
indicating the same activation energy. The separation of the lines
represent a temperature difference of 13°C, the sort of difference one
might expect between thermocouples placed in and adjacent to the sample.
It is interesting to note that, with the thermocouple in the sample, the
data at 300°C/hour heating rate falls on the straight line whereas it
does ﬁot in the previous data. This is probably due to the temperature
in the sample being lower than that recorded in the earlier work.
Deviations occur in both cases at 450°C/hour. At this heating rate the
rate of volatilization is of the order of 16% per minute and questions
of how well the thermocouple can respond to the changes and how the
sample is distributed with respect to the thermocouple arise. There
also exists the possibility of lower rates due to diffusion effects at
high heating rates, particularly in the larger samples used in the
earlier work (100 mg). This effect of sample size may have something to
do with the otherwise unexplained increase in activation energy after

507 reaction, observed in the earlier work.

4. CONCLUSION

In general the agreement in the two sets of data is good indicating
that the attachments to the balance beam have had little effect on the
accuracy of the system. The modified system is, however, inherently
more accurate since the temperature sensor is inside the crucible,
although question may still arise about contact with the sample, thermal
conductivity of the sample, temperature gradients and heat being

conducted away from the sample by the wires (Reference 4).

Confidence in the stability and response of the balance was further
increased when a set of data obtained with a chromel-alumel system with
manual reading of data from a recorder chart, gave the same kinetic
parameters for BBB degradation as the same balance wired with platinum-

platinum/10% rhodium and using a magnetic tape recording of the data.

11
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SECTION III

COLLECTION, PROCESSING AND ANALYSIS OF TGA DATA

1. TINTRODUCTION

In the previous reports (References 1 through 3) TGA data was
obtained by reading several hundred sets of weight/temperature data
points from the recorder chart, and having the data transferred to
punched cards for processing by the computer. This operation was both
time consuming and tedious and considerably reduced the amount of data
that could be produced. The method had also considerable potential for
human error. Modern advances in instrumentation have suggested the
replacement of the chart recorder by another device such as a magnetic
tape or paper tape recorder which can be read directly by the computer.
For this purpose an SRL Model 837 Data Aquisition System was acquired.

This is described in the next section.

2. THE SRL MODEL 837 DATA AQUISITION SYSTEM

A block diagram of the apparatus is shown in Figure 7. The system
consists of the following components:

1. Two model 2670 Data Amplifiers - Hewlett-Packard.

2., A model X-2P Digital Voltmeter - Non-Linear Systems, Inc.

3. A model 1600 Incremental Tape Recorder - Kennedy.

4, Scanner and Counter Logic - SRL design using Digital Equipment
Corporation Flip Chip Modules and power supply.
The complete system is housed in a 67-inch Honeywell modu-mount
enclosure and each basic component has 1ts own power supply, switch,

and fuse.

Electrical signals proportional to the weight and temperature are
fed to the two Data Amplifiers, the levels of which can be adjusted to
send a measurable output to the digital voltmeter. The two signals are
scanned alternately, the scanning interval varying from 0.5 to 10
seconds {i.e. the interval between two successive weight or temperature
readings can be varied from 1 to 20 seconds}. If necessary a permanent

record of the data can be obtained from the priater in which case the

12
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lower limit of the scan interval is governed by the tracking speed of the
printer. In practice the printer is only used during testing or
trouble-shooting. The amplified signals are fed to the magnetic tape
recorder. Data is recorded in records of a length determined by the
control logic, with a record gap at the end of each record. At present
the apparatus is set up to receive 18 sets of weight/temperature data
but this can be varied. This short length is very suitable for
correction as will be discussed later. When the "Stop"” button of the
system is activated, recording continues to the end of the record. At
the end of the last record an "End of File" code must be recorded. This
is used by the computer to detect the end of the data and without it

data cannot be recovered.

Once the data is recorded it is now in a form suitable for processing

on the IBM 7094 computer.

To minimize the loss of data which could occur due to various
failures, each run is recorded on a separate magnetic tape (Ampex Data
Mailer, 200 ft). Since it is necessary to retain data for some time but
undegirable to accumulate numerous magnetic tapes, the data is
transferred to a master storage tape during the initial processing A

block diagram of the tape manipulation is shown in Figure 8.

New Master
{n+{ runs after
toading current data}

Oid Maoster
Current run {n runs)
CENTRAL
UNIT PROCESSING UNIT
! UNIT 3
{IBM 7094)

Figure 8. Transfer of Data From Small Tape to the Master Storage Tape

14
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Transfer and storage of data is carried out when the data is sent
for preliminary examination using Program 1 (Appendix). To minimize
loss of data due to machine or operation error, three master tapes and
at least the six most recent runs are retained. The three storage tapes
have n, n-1 and n-2 runs. When hung in the configuration shown, the
tape with the largest number of runs is the old master tape which is
read only. The tape with the least number is the new master. The n-1
tape is meanwhile safely stored. The data from the old master is
written on the new master (Step 1) followed by the current run data
(Step 2). This tape then becomes the main master storage. The method
also allows the erasure of the latest record should the output show the

data was unsatisfactory.

As well as handling the storage of data, Program 1 also displays the
weight loss, temperature, and rate of weight loss at each of the weight
losses, along with a record by record account of the data as stored on
the tape. Both the records and the number of data points are counted
and those figures are particularly useful for identification purposes in
the case of bad data. Three types of bad data have been encountered and
Program 1 is available with modification to cope with each:

1. Redundant records caused by write errors, eg parity errors,
in the recording. Provided they do not occur at critical stages in the
degradation up to nine records can be discarded. This type of failure
is recognized by the computer in reading the tape and the number of
redundant records is shown on the initial print out.

2. Records which have bad data but which are not redundant and are
not detected by the machine. If they do not occur at a critical stage
in the degradation they can be discarded.

3. Bad data points in a record. These can be replaced by values in

keeping with the rest of the data.

Once a set of satisfactory runs have been loaded on to the master
tape, the data is reprocessed using Program 2. This program, provides a
print out of the rate of weight loss at 1% intervals and also gives the
output on IBM punched cards for use in the Arrhenius Program (Program
3, Appendix).

15
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3. CONCLUSION

The complete series of modifications to the thermogravimetric system
described in this report have been tested on a series of styrene-acrylo-
nitrile copolymers. These copolymers have a very high rate of weight
loss providing an effective test for the direct sample temperature
measurement. As with the degradation of Teflon, it was shown that good
Arrhenius plots could be obtained provided the heating rate did not
exceed 308385h0ur. The short degradation time was useful in testing the
efficiency of the data recording system. It was clearly demonstrated
that the use of the magnetic tape data recording system permitted
maximum output from the thermobalance., The system is set up such that
if the output is to be further increased a second thermobalance could be
readily accommodated, one balance being loaded and evacuated while the
other is being used. Detailed results of the analyses of the kinetics
of degradation of the styreae—acrylenitrile copolymers will be described

in another report.

i6
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PROGRAM 1

This program transfers current runm data to master
storage tape, provides record by record output of
data as it appears on the tape, and provides a
preliminary print out of the rates for examination.

20
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e YGTARE = EFN _ SOURCE STATEMENY _ = _IEN(S) - _ R ~
C PRCGRAM 1 TAPE PREPARATIOUN AND INITIAL EXAMINATION OF DATA
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L THE BPROGRAFM Al SO PRINTS CUT_THE CATA OF THE CURRENY RUN_AND -
C CETERMINES RATE OF WEIGHT LOSS AT ONE PER CENT INTERVALS
G UNIT 1 .= SMAL) TAPE WITH CURRENT RUN__ S _
C UNIT 2 = NEW MASTER TAPE
L _UNIT_ 3 = CLC MASTER_TAPE (CAN BE READ ONLY) e S
C PRCGRAM USES SUBROUTINE EOF TO PERMIT READING OF A NUMBtR UF

__FILES SEPARATEC BY END _(QF FILE MARKERS

INPUT TEMPERATURES ARE FITTED TO A FIFTH DEGREE POLYNDMIAL USING A

c
€ _LEASY SGQUARES SUBRCUIINE _(PLSQ).

C WEIGHTS CORRESPONDING TO SHORT TEMPERATURE RANGES ARE FITTED
L GQUACRATIC BY PLSQ.

TO A

c INPUT WEIGHTS DIFFERING FRUM FITTED LINE BY MORE THAN ONE PERGCENT OF THE

C... .. JOTAL WEIGHT LCSS ARE REPLACED BY THE CURVE FIT VALUE.
c W = WEIGHT CATA POINT READ OFF TAPE
L T = TEMPERATURF DATA PCINT READL CF TAPE(IN MV.)

C TI =TIME DATA POINT CALCULATED FROM TIME INTERVAL AND NO OF CATA POINTS

- TINT=TIME INTERVAL

wW =WELGHT LOSS AT 1 PER CENT INTERVALS
OBWLET=RATE CF _WEIGHT LOSS AT 1 PER_CENT_INTERVALS.
TDER=HEATING RATE AT 1 PER CENT INTERVALS

- JPCLY=TEMPERATURE CORRESPONDING 10 _EACH PER CENT WEIGHY L0OSS,CALCULATED BY

PLSQ

PLCT =DIMENSTONS FCR GRAPH PLOT SUBROUTINE

= COEFFICIENTS OF 10TH. ORDER PCLYNOMIAL FITTING TEMP/EMF GATA FOR .

CPLATINUMAPLATINUM 1CPER CENT RHCDIUM
C = CCEFFICIENTS OF WEIGHI/ZTIME PLSQ QUADRATIC

C = CCEFFICIENTS OF 5Tk CRDER PLSQ USED TO FIT TIME/TEMP.DATA
JRYEMP =RECIPROCAL ABSCLUTE IEMPERATURE _ _

C

c

C..

c

B PR
C
L INw= _TIME_CCRRESPONDING TG EACH PER CENT WEIGHT 10SS
c
C..

c
£

c
L.

C

e EQUIVALENCE (TI(1),PLOT(1)}-1ID,JZ01)),{DATEL1,J7(2)),{DAYE2,J7(3))

12 (CCN1JZ{4) ), (COM2,JZ2(5)) 2 (COM34JZ(6)) 4 (COME,IZIT))H{TINT,JZ
e LIMENSICN JTE(55C0) »WW{101) >, TNWI{ICL) +OWDT(101),Y(120),C(6),A(1

(8))
) »

IW(55CCLsTUES00)27(42),X{36),PLOT(50,110),TDER{101),TPOLY(101)
e - ARTEMP {101 )2 B{11)sD(6)-JZ2(8) _ —

’

INTECER DUNMMY
e CATA _DUMMY/AHZIERQ/
98 CALL READ(2,J7Z,8,J)

2
If _(IP.FQ.LCUMMY)GC T0O 114 -
CALL WRITE(2,JZ+8) 7
e 8T CALL READU2, X M8} . .
IF (J-1) 111,112,113
LA11 CALL WRITEL2sXe18) . . . S R - R
Go TC 97
112 CALYL CICSE(2,2) 16
c0 TC 98
112_WRITE{6,118342(1) R e LB
115 FORMAT(2X,A5, 39HRECUNDANCY ENCOUNTERED — RUN TERMINATED)
e STCR U N ——- S ——
114 REAL(5¢ICCC)IDvDATEl,DATFZ.CUMl CUMZ,CLM?.CUM4 TINT 19
— 1000 FORMAT(BX, A5 1XsA64A2,2Xs3004A3,6XeF6.4)
CALL WRITE(2,JZ,8) 21

21
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TGCTAPE
TGTAPE

EFN SOQURCE STATEMENT

IFN{S)

BN T YIS A T

t=¢

ASSICN 20 1C I1EOF
CALL EQF{IECF)

25

i0 L=t+1

N=18%L

IFIN.GTL55CCIGE TO 400
F=K-17

REAC{1+10CZH{WIT)sT{L)+sIsMsN]
1002 FORMATIZEL[(FE.2,1X)])

19 CALL WRITE(Z,W{M},18}
CALL WRITE{Z2,T{M},18}

32

45

GO TC 10

20 L=i-1

N=18%L
CALL CLOSE(Z,2])

50

CALL WRITE{2,DUMMY,8)
.25 _LK=L-5

52

00 380 K=141K,5
WRITE{6,4) 10K

a7

4 FORFAT{IHL, 10X sA5,5X6HREC NO,13//38%,3({1HW,11X,1HT,11X}}

KT=K+4 .
CO 370 J=K,KT
__KB=18%#4-17

KE=18%J-12
00 3£5 I=KE,KE

365 WRITE(G,SIh{I) Tl wlT+6),T{I+6),WIT+12),T{I+12}

S FORMATI3SX,6(F7.244X)}

WRITE(&,381)
381 FORMAT(1HO)

370 CONTINUE
3RC CONTINUE

LR=L-{L/5}3%5
IF{LR.EC.QILR=5

F=L-LR%1
WRITE{6,4}IC,M
CO 385 J=M,L
KB=18%4-17

81

KE=18*J-12
ED _355 I=KELKE

395 WRITE{625) WIEYaTLI)aWil46)T{I 46 4 W{I+12),TLI+12}

WRITE{6,381})

89

385 COMTINUE
51 JJ=.CICHFLCATIN]

tL MAXOT{Jd.10}

L}

READ IN
= NN}

EN
LE

| PERCENT OF NO. OF DATA SETS
NO. OF CURVE FIT-POINTS (LATER

[l uNalul

WRITE {6,3CCQ)

3C0C FORMAT (1K1}

WRITE (6,3C50) ID,CATE1,DATE2,COM1,COM2,COM3,C0NM4

3050 FORMAT{4X,85,8X,864A2,1CX,A65,A6,86,A3/77}
WRITE{£,306CITINT

3060 FORMAT(10X,14HTIME INTERVAL=,F6.4)
WRITE 06,3170} LL

3170 FORMAT (10Xs25HNC CF PYS IN CURVE FIT = ,12)

22
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AP o ' 09/17/1¢
_ TGTAPE__ ~ __EFN . _SOURCE STATEMENY _ — _IFN{S) - .

WRITE. (6.3C10) N

'3CIC FORMAT (10X,21HTCTAL NC CF POINTS = »14)
o NN =1L
c
C K = POLYNCMIAL ORDER,NEEDED _FOR PLSQ SUBROUTINE. LIST = 0 FOR_
c ANALYSIS CF PLSQ

C___ D= T0IAL WEIGHT LECSS

c
LINCA = 1

D = w(l) — W(N)
B{1)=-6.885309E~6

B{2)=3.5216C5E~4
B{3)=—7.782805E=3

Bl14)=G9.75327E-2
BI15)==1.65€6367k=1)

BlE)=3.543215EC
— B{1)=-1.367422E1

BlE)=2,2T418¢EL
BI{9)==5.7145C16E]

B{10)=1.81G6171E2
B{111=3.812771E=2

£O 55 1I=1,N
o W{T) = 100.=41C0.*(W{T1)=MWI{N))I/D)

TILI)=(2.%FLOAT(I)-1.)*TINT/60.
POLY=B(1)

DO 3CC J=2,11
30C POLY=POLY*T(])/10.4B(J)

T{L)=POLY
55 CONTINUE

CURVE FIT CF TIME AND TEMPERATURE DATA

YO

K =5

LIST = ©
CALL PLSQ(TToTaNeKeDsL IST,EMAX,ERMS,EMEQ)

129

WRITE (6,51C0) EMAX
510C FORMAT (10X»17HMAX TEMP ERROR = ,F10.6)

130

WRITE 16,52C0) ERMS
__520C_FORMAT (10Xx+30HTEMP ROCT MEAN SQUARE ERRCR = ,F10.6)

131

WRITE (€+53C0)
5300 FORMAT (10X,1SETEMP POLY COEFF)

132

WRITE (6454C0) (D{1)sI=1,6)
540C FORMAT(13X.E12.6)

133

C
C START MAJCR _LOCP

C
B0 _1CQ NW = 1,99

58 11 = LINDA-1

SCAN WEIGHT DATA FOR_ONE CLOSE _TC BUT JUST GREATER THAN ONE PERCENT WEIGHT

LOSSs II =INDEX OF THAT POINT

nﬁkn

B0 6C I=LINCA,.N
11 =_11+)

IF (W{1).GT.WWINK)) GO TC 70

23
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Part III
TETAPE I TV & & 1]
IGIAPE - EFN_ SODURCE STATEMENT - IFNIS) -
&0 CONTINUE
7€ LINDA = 11-1LL72}
£ - ' e . - }
¢ LINCA = INCEX OF FIRST DATA TO BE USED BY PLSQ
L S — .
DO 8C J=1,LL
41 = LINDA+J-1
T1{J}1={2.%FLOAT(JI)-2. 1*TINT/60.
_ Y{J} = W{Ji} . - R o
8C CORTINUE
o
C CURVE FIT CF TIME AND wWEIGHT DATA
c
K =2
LIST = ¢
CALL PLSO(TI,YpNNyKsC LISTSEMAX,ERMS,ENEQ) ’ 168
_______ KK = 1 ~
C
c START_LEOP 10 CHECK FOR BAD INPUT DATA
[
DO 81 J=1,.1L
J1 = LINDA+J-1
C
C WE = WEIGHT CALCULATED FROM POLYNOMIAL
c
WE=C{13*TI{J}*%24C{21%T1(J)+C{3)}
c
c COFPARE CALCULATED AND DRIGINAL DATA
c
IF {ARS{WE-W{JI)}}.CT.1.) GO 0 82
60 _IC 81 , i
87 WRITE [£+40C03 JIan{JI},HWE i8z
4000 FORMAT {10X,9HAT PT NO ,14,10H WEIGHT = ,F5.1,13H REPLACED BY ,
JF5.11}
c
c REPLACE BAL DATA BY CALCULATED VALUES
C
WiJI)} = WE
KK = 2
81 CONTINUE
GO TC _(B3,58),4KK
I
c _CHECK FCR IMAGINARY ROOTS IN SOLUTION OF QUADRATIC
c
83 SCREW = C{2I¥CE2)-4.0%CLL1I*{C{3)-WHINW}) _
IF {SCREW.LY.0.0} GO 10 90
C
IS USE REAL RCOT TO DETEBRMINE TIME CORRESPONDING TO EACH PERCENF WEIGHT LOSS
£ ,
TNKINWY = (SQRT(C{Z2I1¥C(21-4.0%CI1I%({C{3I-WHINWIII-C(2117{2.0%C{1}}
C —_— . N
C CWCT = RATE OF WEIGHT LOSS
" 194

DWCTINH) = 2.0%CLL1I%TNW{NW} 4 C(2)
G0 _J€ 1¢¢

90 THW{NWI={Z.¥FLOAT(II)-4,.)*TINT/6C.
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T TCTAPE e T To9ntsic

. _TGTAPE. .= EEN._. SOURCE STATEMENT = IFN(S) - - —
CHET(NKW) = C.0 -

C

G WRITE OUT ICENTIEICATICN AND LOCATION OF BAD DATA - e e -

C
WRITE{6931ECINWo TI,TNWINW) oW l{I1) S 202

alHI=ZeF0a2, 10X  2HW=oF5.1)

| 3160 FORMAT(2X, 1THSCREW LESS THAN Oy 1CXy 3HNW=513410Xs3HI11=914410%Xy

100 CONTINUE
WRITE (€,3110) -
3110 FURNAT(//3X,11HWEICHT LOSS»6Xy8HDWDT(NW) » 14X, 4HTEMP, 6Xy
— «4HTCER 11X SHRTIEMP, 16X 4HTIME)

CO 12C NW=1,499
CI=TNW (NW)

TSTCR s B(1)

Ia¥212)

DO 2C0 1224¢&

~..20C JSICR s TSICR*CTEDII)

LOCP TG EVALUATE TEMPERATURE POLYNDMIAL FOR EACH VALUE OF CT

TPCLY(NM) = TSTOR
. TSTICR = S.*%L(1) . S
DO 2“0 I =245
U N -
TSTCR =

TSTCR*CT#FLOAT(JI*D(1)

TEMPERATURE DERIVATIVE
RECIPRGCAL OF ABSOLUTE_TE!

TDER =
RIEMP =

. IDER(NW) = JISTOR. ..
RTEMPINK) = 1. C/(TPDLY(Nh)+273 16)
WRAITE (€,3120) NWsCWDT(NW)»TPOLY INW) TOER{NW),RIEMPINW) 4CT

3120
_.12¢

FORMAT (6X313,10XE124597X9F94392E15.5+5X,F7.2)
JCONTINUE o
STCER 5 0.C

£ .

C CALCLLATE AVEREGE TEMPERATURE DERIVATIVE (AVE)
L

CO 125 I=1,59
... STLER = STLER + TDER(])

125 CONTINUE
R _AVE_= STDER/S9.0 ..

WRITE {(643125) AVE

3125 FORMAT (//1CX,27H AVERAGE TEMP DERIVATIVE = 2£15.5)

_SUBRQOUTINE (GP) _

C
L SET LP CUMMY PCINTS FOR GRAPH PLCTTING.
C

e MW LLCC) =
CMCT{1CO)
INW(ICC) =

Ca
= C.C
99)

0

C -
TNWS

TDER(1CO) = 0.C

o HMLRCL) = 1CQ.C

CWET(1Cl) = C.C
- INBLIC1) = THNW{99)

TDER(1C1) = TDER(99)
WRITE (6£,3CC0)

WRITE (€,312C) 1D
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Part III
TCIAPE N VA ¥ 2
IGTAPE - EFN  SOURCE STATEFENT -  IFN{S} = -
313C FORMAT {1CX,19+DWDT VS WEIGHT £055,20X,A5)
L = 3
. LS = 5 - L o S L
W= 1C1
LN_=_5¢C e - e B
¥ = 101
DATA AZ1H./
N = 1
C — e O S _
C PLET GRAPF OF RATE F WEIGHT LOSS AGAINST PERCENT WEIGHT (0SS
T UCALL GP [whsDWLTsLsLSs Ny JNsLHILN,ASPLOT] - T 250
WRITE {6,3CC0} 3 251
WRITE (£,3140) ID 252
_.3140 FORMAT {10X,19rWEIGHT LOSS VS TIFE,20X4A5} .
C
L. PLCTY GRAPH CF PERCENT WEIGHT 0SS AGAINSY TiME . -
c
CALL GP (TAW,WhsLslSoMsUN,LW;LN,A,PLQT} 253
WRITE [£,3CCC) 254
DU 5.5 & ¥ NS -5 5-1 00 NS £ SO 255
3150 FORMAT {1CX,12HTDER VS TIME,20Xs25}
C__ . o . . S
C PLLT GCRAPH CF TEMPERATURE DERIVATIVE AGAINST TIME
C
CALL GP (INW+TDERsLsLSoMp NsLWsLAsA,PLCT] 756
60 1L 500 )
400 WRITE{&,6CCC) 258
6000 FORMAT{10X,48HNUMBER OF DATA POINTS EXCEEDS NUMBER DIMENSIONED) o

50C STCP
ENL

26



PROGRAM 2

This program provides print out of rates also rate and
temperature on punched cards for use in Program 3.
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TGTAPE a9/11/70
TGTAPE ~ EFN  SOURCE STATEMENT = IFN{S) ~-

FRCGCRAM 2 CUT OFF AND RATE CATA FOR A SERIES OF RUNS
__FRCGRAM TC REAC A SERIES OF RUNS FROM THE MASTER FILE,APPLY THE ~
AFPRCPRIATE CUT OFF VALUE, AND OUTPUT THE RATE OF WEIGHT LCSS AT
1 PER CENT INTERVALS ON CARDS FOR USE IN THE ARRHENIUS PROGRAM
INPUT TEMPERATURES ARE FITTED TO A FIFTH DEGREE POLYNOMIAL USING A
LEAST SQUARES SUBROUTINE (PLSQ).
WEIGHTS CORRESPONDING TO SHORT TEMPERATURE RANGES ARE FITTED 10 A
. EUALRATIC BY PLSC. .
INPUT WEIGHTS DIFFERING FROM FITTED LINE BY MORE THAN ONE PERCENT CF THE
TCTAL WEIGHT LOSS ARE REPLACED BY THE CURVE FIT VALUE.
CUTPLUT DATA IS PUNCHED ON TO CARDS FOR FURTHER PROCESSING (10 CALCULATE
ACTIVATION ENERGY ETC).
W = WEIGHT DATA POINT READ OFF TAPE
T = TEMPERATURE DATA POINT READ OF TAPE(IN MV.) e
TI =TIME CATA POINT CALCULATED FROM TIME INTERVAL AND NG OF DATA FGINTS
. TINT=TIME INTERVAL , e
WW =WEIGHT LOSS AT 1 PER CENT INTERVALS
CWCT=RATE OF WEIGHT LOSS AT 1 PER CENT INTERVALS
TOER=HEATING RATE AT 1 PER CENT INTERVALS
_ TPCLY=TEMPERATURE CORRESPONDING TO EACH PER CENT WEIGHT LOSS,CALCULATED BY
FLSC
TAW= TIME CORRESPONDING TO EACH PER CENT WEIGHT LOSS o
PLCT =DIMENSTONS FOR GRAPH PLOT SUBROUTINE
£ = CCEFFICIENTS OF 10TH ORDER POLYNOMIAL FITTING TEMP/EMF DATA FOR
PLATINUM*PLATINUM 10PER CENT RHODIUM
C = CCEFFICIENTS OF WEIGHT/TIME PLSQ QUADRATIC
T = CCEFFICIENTS GF 5TH ORDER PLSQ USED TO FIT TIME/TEMP.DATA
RTEMF =RECIPROCAL ABSOLUTE TEMPERATURE.

lew eles evjen esler evlen ooles e o

i

J
i

#in

oo oo oo oloooaloano

ECUIVALENCE (TI(1),PLOT(1)),1D,JZ(1)),(DATEL,JZ(2)),(DATE2,J2(3))
1+ (CCM1,JZ(4))9(COM2,JZ(5)),(COM3,JZ{6) ), (COM&,JZ(T)) 1 {TINT,JZ(8))
~ CINENSION TI(5500),WW{101),TNW(101),DWDT(101),Y(12C) ,C(6)AL1),
IW{55C0) 4 T(55000,2(42)5X(36),PLOT(50,11C1,TDER(101),TPOLY{101},
1RTEMF(101),8(11},D(6),42(8)
CIMENSION IDA(12),DCA{12)
INTEGER DUMMY
CATA CUPMY/GFZERG/
AE=1
15 REAC(5,1010) IDA(NF),CCA(NF] 2
1010 FCRMAT(8X;A541X,F5.3)
IF(ICA(NF).EC.CUMMY GO T0 20
NF=NF+]
GC TC 15
20 NF=Nf-1
£C 5 INF=1,NF
99 CALL READ(3,JZ,8,J) 16
IF(IC.EC.CUMMY)GO TO 101
IF(IC.EQ.ICALINF)IGO TO 97
98 CALL READ(3,Ws184J) ' 26
1F(J-1198,99,98 .
101 WRITE(644500) 29
4500 FCRMAT({10X,2SHSEARCH EXCEEDS VALID FILE)
STCF
97 CC=CCALINF)
L=0

28
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TCTAPE - 09717710
TGTAPE - EFN SOURCE STATEMENT - IFN{(S) -

25

V=18xL+1

CALL READ(3,WIMY,18,0)
IF{J-1)10,51,30

34

10

CALL READ(3,T(M),18,J)
IF(J-1)40,50,30

39

50
1000

WRITE(5,1000)1C,L
FCRMAT(2X,21HOUT OF PHASE DATA IN ,A6,18Hy AFTER RECORD NG ,13)

43

40

STCP
L=L+1

N=18x%L
GC TC 25

30
6

WRITE(6,6)(Z(1),1=1,42)
FCRMAT(1H1,10X,39HTAPE READ ERROR IN THE FOLLOWING RECORD/{8X,14(A

57

16,2X)))

STCP

51

JJ=,010+FLOAT(NY}
LL = MAXD(JJ,10)

1 PERCENT OF NO. OF DATA SETS READ IN

[
[
nih

NO. OF CTURVE FIT POINTS (LATER = NN)

WRITE {%,3000) -
FCRFAT (1H1)

54

wRITE (6,3050) 10,CATELl,DATEZ,COML,COMZ,COM3,COM4
FCRMAT(4X)AS)BXy)A64A2,10XA69A6A64A3//)

55

WRITE(6,3060)TINT
FOCRMAT(10X, 14HTIME INTERVAL=yF6.4)

56

WRITE (643170) LL
FCRMAT (10X,25HNO OF PTS IN CURVE FIT = ,12)

57

WRITE (6,3010) N
FCRMAT (10X,21HTOTAL NO OF PCINTS = ,14)

58

AN = LL
WRITE{6,3020)DC

59

FCRMAT(10X,9HCUT DOFF =,F5,3)

K = PCLYNOMIAL ORDER,NEECED FOR PLSQ SUBROUTINE. LIST = 0 FOR NO ERRCR
ANALYSIS GF PLSQ

£ = TCTAL WEIGHT LOSS

LINCRE = 1
C = h(l) - WIN)

E(1)=-5.885300E-6
B{2)=3.521905E~4

8{3)=-7.783805E-3
B(4)=9.75327E=-2

B(5)=-7.656367E-1
B{6)=3.943215E0

BE{7)=-1.367422E1
B(8)=3.274186E1

BE{9)=-5.,749016E1
B(10)=1.819171E2

€(11)=3.812771E-2
EC 55 I=1,N

W(I) = 100.~(100.#(W{T)-WIN))/D)
W(I)=W(I)/0C

CTT(I)={2.,*FLCAT(T)-1.V#TINT/£D.
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[aXaXzk

5100
5200
5300

5400

Ao

58

coo00

60
19

OO

80

SO0

e Na X el

Ao

CFCLY=B(1)

CURVE FIT OF TIME AND TEMP=RATURE DATA .

FCRMET (10X, 17HMAX TZMP ERROR =

T CURVE FIT GF TIMZ AND WEIGHT CATA

TOTAPE

T6TAPE = &EFN SOURCE STATEMENT = IFN(S) =~

CC 280 J=2,11
PCLY=POLY*T(1)/10,+B(J)
T(1)=pOLY

CCNTINUE

K =5

LIST = 0

CALL PLSGITI,T,NyK,DyLIST,EMAX,ERMS,EMEQ)
KRITE (6,5100) 7MAX

2FL10.6) o
WRITE {6,5200) ERMS

FCR¥AT {10X,30FTSMP ROOT MEAN SQUARE ERROR =
WRITZ (6,5300)

FCRMAT (10X, 15KTEMP POLY COEFF)
WRITE (6,5400) (C(I),1=1,6)
FCRVAT(13X,E12.6)

1F10,.¢€)

START MAJCR LCCP

CC 100 NW =
IT = LINCA-1

1,99

hWINE) = FLOAT(NW)

SCAN WEIGHLY CATA FOR OME CLOSE TO BUT JUST GREATER THAN ONE PERCENT WEIGHT
LCSS, I1 =INCEX CF THAT POINT

LC 60 I=LIND2,N

Il = II+t .
IF (W(I).CT.WWI(NK)) GO TO 7C
CCNTINUE
LINCA = II=-(LL/2)

LINDA = INCEX OF FIRST DATA TO BE USED BY PLSQ

CC 87 J=1,LtL

JI = LINCA+Y-1
TICJ)={2.#FLCAT(JI)=2.)*TINT/6C.
Y(J)Y = WilJl)

CONTINUE

K = 2
LIST
caLt
KK =

0 .
LSQUTI Y oNNyKyCyoyLIST,EMAX,ERMS,EMEQ)

[ eI 1)

START LCOP TG CHECK FOR BAD INPUT DATA

£C 81 J=1,LL
JI = LIMCA+S-1

WE = WEIGHT CALCULATEC FROM POLYNOMIAL

30
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SeTApE
TGTAPE = EFN ~ SOURCE STATEMENT - [IFN(S) - =

" 09/17770

C
N WE=CUIY *TIUI »*24C(2V=TI{ 1+ C(3) T )
C
€ CCVPARE CALCULATED ANC ORTGINAL DATA ~ 777777 :
c
C TR (RBS{WE-W(JI)).GT.1.Y 60 TO 82 T T T
CC TC 81 . e
82 WRITE (6,4000) JIyW{JI)yWE

4000 FCRVAT (10X, 9HAT PT NO ,14,1CH WEIGHT = ,F5.1,13H REPLACED BY ,
JF5.1) N

TREPLACE BAC CATA BY CALCULATED VALUES i T

YOO

TW{ITY = WE T
KK = 2
81 CONTINUE
GC TC (83,58),KK

.. CrECK FOR IMAGINARY ROOTS IN SOLUTION OF QUADRATIC

ﬁ;ﬁﬁ

83 SCREK = C(2)#C(2)=4,0%C(1)*(CI3)-WW(NW))
IF (SCREW.LT.0.0) GO T0O 90

C

c "USZ REAL RCOT TO DETERMINE TIME CORRESPONDING TO EACH PERCENT WEIGHT LCSS
c

T T UTRWTNGY = (SERTICI2VC YA R T (CTET=Wh (NN T T=CU20 720 T (1

C

€ CWhY = RATE OF WEIGHT LOSs oo i

C

CCWETUAW) = 2,0«C(LI=TRNW{NW) + C(2)
GC 7C 100

T80T TAWINWI = (2L *FLOATII T =4V *TINT /60, 77 T T
_ TWOTUNW) = 0,0

c

C __WRITE OUT IDENTIFICATION AND LOCATION OF BAD DATA

WRITE(693160)NW,y TTyTNWINW)HW(TT)

3160 FLRPAT(2X, 1THSCREW LESS THAN 0, 19X, 3HNw=,15,10%,3HTT=,14,iC¢X, 7

$2FT=,3F642,10X,2KHW=,F541) .
100 CCATIAUC"' ) ’
WRITE (5,3110)
3110’FCQNA*(//Jx;ilkwcTGHT LNSS,6X,y8HOWOTTNW Y, 14X 4HTEMP, 6%, 7
e4HTDZR, 11X, SHRTEMP, 16X, 4HT IME)

CC 120 Ki|. _1 qg T T T s e e e e
CT=TNW{NW)
TSTCR = C(1)
[
C LCCP TO SVALUATE TEMPERATURE POLYNOMIAL FOR EACH VALUE CF CT
C
EER8G T fSe T e e e

200 TSTCR = TSTOR=CT+D(I)
TPPLY(NW) = TSTOR
CTSTCR = 5.#0(1)
£C 250 1= 2 5
BT B et S
250 TSTCR = TSTOR*CT+FLOAT(IY*DI( 1)

31
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Tevepe T T T o T " ogersirdie T
TGTAPE - EFN  SOURCE STATEMENT =~ [IFN(S) -~

B S N - - - e
¢ TCER = TEVPERATURE DERIVATIVE

C  RTEMF = RECIPROCAL OF ABSOLUTE TEMPERATURE i

c

_TCER{KW) = TSTOR
RTENPINW) = 1.0/(TPOLY(NW)+273.16)
WRITF (6,3120) NWyCWCT(NW),TPOLY(NW),TOER(NW)RTEMP(NWILCT 174
3120 FCRFAT (AXs12,10X9EL245y7X1FGa292E152595XsF 7021
120 CCNTINUE
(}'{:gﬂ = Q "}

G e .
€ CALCUUATE AVERAGE TEMPERATURE DERIVATIVE [(AVE}
e . - e e e

CC 125 1=1,99
__STCLER = STDER + TDER(I)
125 €£RTI&§E

BVE = STDER/S99.Q
WRITE (6,3125) AVE 186

(3125 FCRMAT (//10X,27¢ AVERAGE TEMP DERIVATIVE = ,E15,5)

C

¢ SET_UF DUMMY POINTS FOR CGRAPE PLOTTING SUBROUTINE (GP).

c

WR(10C) = 0.0

£KET{IQQ} = 0.0

T€;§i13§} = 0,0

$W{101} = 100.0

THUET{101)} = G.G

TRWL{101) = THW{99)

JLER{101) = TEER{??)

WRITE (6,3000) . XY 4

WRITT (6,31730) 1D 148
313G FCRMAT (10X,19HDWDT VS WEIGHT L0OSS,20X,A5)

L = 2

F
=
fw wi
ot
)
-

CATA A/MH./
N =1

FLCT CGRAPH OF RATE OF WEIGHT LOSS AGAINST PERCENT wEIGHT LCSS

faXaksl

CALL CP (WW,CWECTsLsLSsMyJNyLhsLNsA,PLOT) 195
CWRITE L6 3000) . 198
TCWETII00) = €.0
CCIPCLYLLN0Y = 0.0 e
PUNCF OUTPUT CARDS CONTAINING PERCENT WT. LOSS{NW) THEN THREE PAIRS CF
TEVPERATURE ANC RATE OF WEIGHT LOSS CATA

faNullaEul

CC 150 NW=1,105,.3
~__PUNCE 5090, IT,yNW,DWDT(NW) , TPOLY(NW) ;DWDT(NK+1), TPOLY(NW41)y o
STHETINW 42} TPOLYINW+2) 198
5C00 FCRNMAT (1X,A5,14,E13.5,F6e19E13.5,F6e15E13.5,F601)
150 CCRTINUE

TYGYeED T
TGTAPE - EFN SOURCE STATEMENT = IFN{(5) =~

B NN

STCF
ENC,
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PROGRAM 3

Arrhenius Program. Calculates Ea at 1% intervals.
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Part III
LSOO ROUON - 4. L. 2 ¢ & ¢ A
PLGT - EFK SOURCE STATEMENT - IFNIS) -

. PROGRAMFE TCO CETERMINE JGA PARAMETERS BY FRIEDMANS METHOD
PROGRAMFE ACCEPTS [AT# CARCS HAVINC THREE SETS OF DATA PER (ARD,

_LAST CARC OF EACH DECK MUST FAVE A ONE IN COLUMMI, LAST CARD GF = .
LAST DECK FOR CNE POLYMER SYSTEM MUST HAVE A TWC IN COLUMN 1 INSTEAD
.78 RUN & SECCAL SET CF DECKS, PUNCH A CARD WITH A THREE IN COLUMN 1

AND PLACE BETWEEN SETS

AT _THE END OF all DSCKS PLACE & BLANK CARD THEMN AN $EQF

OO OONOOn

_... 1 READ (5,1000} I1G,COM1,(CM2,CCM3,C0M4,C0ME,00M6, C0MT,00M8

SR 1+ J NN . 3 W

c
<
C
c
L
c
c

c

SYMBOLS _DWOT = RATE CF WEIGHT LOSS, RTEMP = RECIPROCAL OF ABSOLUTE
TEMPERATURE, RATE = LCG RATE OF WEIGHTY LOSS, SLCFE = SLOPE OF é&&HENILﬁS
PLOT, PREX_SPRE-EXPGNENTIAL FACTOR, PLOT = DIMEASION OF GP SUBROUTINE

ACTE = ACTIVATION ENERGY, X AND Y REPRESENT DATA TREATED BY GP

... IPOLY = INPUY TEMPERATURES, D = ICENTIFICATIOM, A = NOL OF SYMBOLS IN GP

AA = PERCENT WEIGHT LGSS, AFW = FUNCTION FROM FRIEDMANS EQUATION
..FW = AVERAGE AFW, 8B = LOG (FERCENT RESICUE)}, WF = AVERAGE AFW _
. DIMEASICN DWCT(100,1C),RTEMP{100,1C),RATE(100,1C),SLOPECIO0),

+PREX{100),PLCT(50,100)sACTE(100)yX{10),Y(10),

. +TPOLY{1CC,10),10(30),A(1),AA(101},AFH{1C),FWI10C),BBI95),WF {92}, e

.SPS{1001,505(100),S01(1C0),B(8)

SR
WRITE {6,3000) 3
.. WRITE (6,1100) 1G,COM},COM2,C0M3,CCM4,C0M5,C0M6,C0M7,C0M8 4
2J3=0

STARTY LLCP TC READ IN DATA

_.. D020 Nk = 1y 97.3 —- —

183 = 1 IN COLUMN 1 CF L1ASY CARD OF A CECK, LAST CARD OF LAST DECK ROR
ONE POLYMER SYSTEM NEEDS LBJ = 2.

READ (551200) LBJ,10(J)+IWoCHOT (NW,J), TPOLY(NW, J) 2 DHDT(NWH1, 0,
o TPOLY.ANW+1:4) »CHDT(NK+22J) s TPOLY(NWE2, )

Lo LCHECK THAT INBUT CARLS 2RE IA CONSECUTIVE ORDER

c

e

ooy o

10
IR _{IW~hR}3543 e e e e —
"3 WRITE (6,1900) NW,ID(J),IW 21
.STOP. e it o et o m e 2o .

T4 AAINW) = FLCAT(NW)
__AA(NM#1) = ELCATINW$1) —
AA(NW+2) = FLCAT(NW%2)

oo JF LLBJULEQ.1Y 60 .70 10 S —

20 IF {LBJ.EQ.2) GO TQ 25
B O O —

. WRITE LIST OF RUN I0S_ _ _ ——
WRITE (6,18003 0000, =0 d ) e e e e
- .CHECK FOR AT LEAST TEREE BATA DECKS e et e e e e

o IF(=3) 30435,.35 . - R . i .
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Part III1
i IGA . — ! 05/04/1Q
PLCT ~ EFN SOURCE STATEMENT - IFN(S) =~
7730 WRITE (6,20000 o 44
7 .G66_I0._300 _ ] — . R _ . .
35 WRITE 16,1500) 46
i XISUM = 0 . S . .
N =20
e SPREX 2 0a O e e e
C
L _START. LGCP T0 CALCULATE LEAST SQUARES LINE OF LLCC(RATE) VS. _RIEMP
C
DO 45 NW = 4eSB e
SUMXX = C
e SUMYY = Qe -
SuMX = 0
e SUMY_=_ 0
SUMXY = C
e .. DD A0 K = Lo —
C
L£._ ... CHECK_FGR_ZERC RATES .. ..
C
e JEADWDT (AW, K) 4L TL1.0E~10) GG TO &5

RATE(NW,K) 5 ALOGLO{CWCT(NW.K)) ' ' 58
o RTEMP(NWsK) = 1.0/(TPCLY(NW.K}+273.16)

c
C.. ... SUMXX = _FARTIAL _SUM OF X SQUARED EIC.
C

e SUMXX = SUMXX. 4 RTEMP(NW,K1#%2
SUMYY = SUMYY + (RATE(NWeK))I#*%2
e SUMX = SUMX_ ¢ RTEMP(NW 4K)
SUMY. = SUMY + RATE(NW,K)

40 SUMXY = SUMXY + RTEMP(NW.K)*RATE(NW,K) __ — e e e
GO TG 55
C [
c SET UP DLMMY FCINTS FCR GP If A DWCT VALUE IS ZERO
C.. e e e e it e e e

65 ACTE(NW) = 0.
e PREXANWY = Q@ . -
RATE (N“yK) = 0.
e RTEMP. {NW oK) = Q,0015
GO TC 45
. _...55 SLOPEAINW) = (XI*SUMXY=SUMX%¥SUMY 1/ (XJ*SUMXX=SUMX*42)
SPSINW) =({SUNMYY=(SUMYXSUMY/XJ)={{ XJRSUMXY=SUMX*k SUMY ) %%x2/
e e X IEXJESUMXX =X JASUMX*SUMX )Y/ (XJ=2.00)
ALPHA = (SPS{MW)/(SUMXX=(SUNXERSUMX/XJI)))*4,.576
e JEAALPHA)Y 58,588,587
57 SDS(AW) = SCRT(ALPHA) 85
e - GOILLBS. e e e
58 SDS(AW) = 0.0
w59 BETA. = (SPS{NW)*SUMXX/ {XJASUMXX=SUMXESUMX })
IF(BETA) 62,62,61
61 SDI(NW) = _SQRT(BETA) ) 94
GO TG 63
62 . SDIANW) = 0.0
63 ACTE(NW) = -SLCPE(NW)*4,576
e PREXANMW) = (SUMXX%XSUNY=SUMX*SUMXY) /2 EXJXSUMXX—-SUMX %% ' —
IF(NW.LT.20) CC TO 45
IF{NK.GT.60) CC TO 45
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Part III
IGA . 05/704/70
PLCT - EFN SOURCE STATEMENT =~ IFN{S)} =~
TSUM = TSUM-SLCPE(NW}
SPREX = SPREX + PREXIAW]
N = N+1
.45 CONTINUE
c
€. CALCULATE AVERAGE ACTIVATION ENERCY AND PRE-EXPCAENTIAL FACTOR
c

AVPREX = SPREX J FLOAT(A]
AVEA = TSUM/FLCATIN}
AVACTE = AVEA%].987%2,3C3 —

Ba 70 Ny = 4,98
o
- QB 90 K = 1sd
AFWI{K} = RATE(NWsK} # AVEA®RTEMP{NW.K}
o 80 2 = 2 % BFWEKY e e I
FWINW} 3 Z/XJ
e BN = FLUATINW] — , v ,
GG = ALCGLl0(100.-WN) 126
... 8D =0 U SR
00 93 K = 1;3
$3 SD = SD + {FW{AWI-AFW{K)}#*%2
¥K = J=1
SDAFW =_SQRTISC/YK)

]

c
c WRITE OUT RESULYS' PERCENT WT. LOSSy ACTIVATION ENERGY, PRE-EXPONENTIAL
C FACTOR, AVERACGE FW, ANLC STANCARD CEVIATIONS, ALSC LOG WEIGHT REMAININGIGG)
< _ 133
70 WRITE {(6,1400) NW,ACTE(AW) »SESINW} PREXINW) SOI{ANW) ,FHI{NW),SDAFN,

L6 134

WRITE (6,1425) AVALTE 141
e _MRITE (56,1435} AVPREX 142

WRITE (6:1440)
Lo
c SET UP INFORMATION FOR €GP SUBROUTINE, SEE OTHER PROGRAMS
En 143

L =3
— L5 = 5 _ I e

LW = 100

AN = 50

¥ o=,

DATA AZ1E ./

JN = 1
L
c START LCCP FCR PLOTTING GRAPFS AT 10 PERCENT WEIGHT LOSS INTERVALS
£ — ;

00 200 Aw = 1C.99,10

00100 K. = 144

XK} = RTEMPI{AW,K)
_..100 YIK) = RATE(Nk.K] R

WRITE (6,3000) 160

. WRITE {(6+1700} NW
<
L PLOY GRAFH OF LOG (RATE OF WEIGHT LOSS) AGAINST  RECIPROCAL
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Part I1I
S TGA — [ 05/04/70 I
PLGT - EFN SOURCE STATEMENT - IFMN(S) =
C OF TEMPERATURE
(o 1561
200 CALL GP (X'Y’LyLS M.JN,LW,LN,A,PLOT) 163
e . M= 100 .
HRITE (6,3000) 167
v - WRITE _£643100) e e, o
c
C PLOT GRAPH COF ACTIVATION ENERGY AGAINSYT PERCENY WT. LOSS
C 168
I CALL GP (AAsACTEsLsLSeMyIN LW LN, ALPLOTY 169
WRITE (4,3000) 170
. WRITE (6,3200)
C ‘
£ PLOT GRAFH OF PRE-EXPCNENTIAL FACTCR AGAINSY PERCENT _WEIGHT LOSS
C 171
e CALL _GP _(AASPREXoLoLS oMy INs LWL NsA,PLOT) _ 172
WRITE (6,43000) 173
e MRITE _(64+3300) 174
DO 75 1=1,87
BB(I) = A10G10(100.-A8(143)) 179
15 WF{1) = FW(I+3)
e LW =95
M = 87
L R
C PLOT GRAFH OF LOG(AFW) AGAINST LOG(PERCENT RESICUE WEIGHT)
£ -
CALL GP(BByWF,L4LSyMyINsLW,LN,A,PLOT) 188
. WRITE (6,3000) 189
LW = 101
M= 101
DATA B/1E1,1HZ2,1H3,1H4, 1H5, 1+ 6, 1HT, 1HE/
AA(100) = 0.0
AA{(101) = 100.0
- DO 101 K=1,4 .
DWDT(1004+K) = 0.0
——1C1 DWDT(101,K) = 0.0
WRITE (6,3400) 199
~«~———CALLNGE_lAAJDhDI&L4LS&MJJ&LH LN,B,PLOT) 2Q0
WRITE (6,3000)
£
c LOOK FOR FURTEER SETS OF CATA
C 201
3C0 READ (5,1300) MORE 202

IFE(MORE.EQ.3) G0 T0 1

80 STOP
1060 FORMAT (2X,A3,2X,8A4)

11C0 FORMAT (10X3sA342X+8A6)
—12C0 FORMAT (114A5,144F13.5,F6.13F13.5,F6.1,E13,5,F€,.1)

1300 FORMAT (I1)
24))

1425 FORMAT (//10X429H AVERAGE ACTIVATICN ENERGY = ,~3PF7.3)
—1435 FORMAT (10X.17H AVERAGE LOG PREX,10Xe2H2 sF6,3)

1440 FORMAT(10X,34HBOTH FOR 20-60C PERCENT WEIGHT LOSS)
L/BX o THUT L0OSSe2XeBHEA(KCAL ) #3Xs8HST.DEVNL+3Xs 8HLOG PREX,

«3X+8HSTCEVN. 12X9s10HAV .LOC AFWy2Xy BHST .DEVN.y2X s 11HLOG RES.WT.)
% )]
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Part IIL

TGA

05704270

PLCT - EFN SOURCE STATEMENT -~ IFN{S) -

1800 FORMAY {/10X,11HRUN IL KOS +9{A5,2Ky )}
1900 FORMAT {]0X,13HERROR FOR W =, 14,7HRUN NO ,A3,6H READ 413y

«9H INSTEAD.)
2000 FORMAY {(10X,25HLESS THAMN 3 HEATING RATES/1H1}

3CC0 FORMAT (1H1})
3100 FORMAT {10X+32HACTIVATION ENERGY VS WEIGHT LOSS)

3200 FORMAT (10X,22HPRE-EXP VS WEIGHT LOSS)
3300 FORMAT{10X,46FAVER LOG AF{W) VS LOG PERCENT WEIGFT REMAINING)

3400 FORMAT (10X,48HCOMPOUNDED RATE OF WT. LOSS VS. PERCENT MT, LC35 )
~END_
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