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VII. DOCUMENTATION OF WILSONVILLE SIMULATED DISTILLATION
BY GAS CHROMATOGRAPHY (GCSD) COMPUTATION

Summary

This section dbcuments the BASIC computer program that was written
to simulate Wilsonville's GC-simulated distillation (GCSD) results at
APCI-CRSD Trexlertown. The GC conditions used at APCI for the Wilson-
ville GCSD analysis of coal-derived ]iquid‘samp1es were described in an
article by I. S. Kingsley and F. K. Schweighardt in the SRC-I Quérter]y
Technical Report, April-June 1981. The approach used to simulate the
Wilsonville GCSD results is also from an SRC-I Quarterly Technical
Report and is reproduced in Appendix VII-A. The BASIC computer program
is described in the attached Appendix VII-B.
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INTRODUCTION

As discussed in detail in previous reports (Kingsley et al., 1981; Kingsley
and Schweighardt, 1981; Lamb and Kingsley, 1981), Wilsonville's method of
determining the boiling-point distribution of process-stream samples for SDGC

differs from the ASTM method (0-2887). The key differences can be categorized

as follows:

o The type of boiling-point calibration standard used
o Whether response factors are used (empirical ratios of weight percent to
area percent)

o The mode of integration

The wi1sonvi11g'method uses aromatic compounds to calibrate the gas
chromatographic retention times for boiling points, whereas the ASTM D-2887

method employs aliphatic compounds (n-C5 through n-C44).

The Wilsonville method uses response factors established for an aromatic
calibration standard to report the boiling-point distribution in weight percent.
Response factors for selected aromatic compounds have been established from
experimental weight percent/area percent ratios. Using these experimental
ratios, Wilsonville generated a fifth-order polynomial equation to determine
the respongé factors for unknown peaks (Lewis et al., 1977, 1979). In contrast
the ASTM D-2887 method does not use response factors; instead, the boiling-point
distribution is reported in gas chromatographic (GC) area percent, which

correlates to volume percent for petroleum-derived materials.
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The Wilsonville method integrates by peak areas,.whereas the ASTM method uses
.a time-slicing mode of integration. In time-slicing integration, the
boiling-point cutoff is defined at a specific retention time and, therefore,
can fall in a va11ey between two peaks or on the slope or apex of a peak.
However, in peak-area integration, the boiling-point cutoff is defined by a

specific peak and always falls in the valley following tﬁat peak.

Methqdq]ogx

To establish the Wilsonville GCSD procedure at APCI, 21 Wilsonville
process-stream samples were analyzed and compared with the re5u1ts~bbtained at
Wilsonville for the same samples. The following four-step approach was used:

0 ,Cbnversion of retention time to boiling point

o Conversion of area percent to weight percent

o Screening for heavy or light distillates

o Determination of initial and final boiling points
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Conversion of Retention Time to Boiling Point

Wilsonville converts GC retention tiies to boiling points by using boi1in§
points of selected aromatic compounds documented in the literature.
Selected peaks in the chromatogram of a process stream are assigned
specific boiling points based on their retention times. Boiling points
for unknown peaks are then inter- or extrapolated, based on their

respective retention times.

In APCI's method, retention times were converled tu boiling points by
converting APCI retention t{mes to Wilsonville retention times, and then
applying the Wilsonville retention time to the boiling-point conversion.
To convert the APCI retention times to Wilsonville retention times, a
relationship was established between the two retention times (RT), as

expressed by the following linear equations:

RTv = 0.963RTAPCI - 8.073 (RTAPCI $ 2,050 sec) (n

RTv

0.342RT + 1.243 (RTAPCI > 2,050 sec) (2)

APCI

These equations allow peak-by-peak conversion of APCI retention times to

Wilsonville retention times in a sample analyzed on APCI's GC system.

Application of the Wilsonville GC retention time to boiling-point

conversion is effected by three distinct linear transformations:
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BP (°F) = 1.48RT , - 39.25 ~ (RTy S 120 sec) - (3)
BP (°F) = 0.341RT., + 126.5 (RT,y > 120 sec and § 2,560 sec) (4)
BP (°F) = 0.049RT,, + 893.9 (RT,,y > 2,560 sec) (5)

4
. where BP is boiling point. Using equations 1-5, a boiling point based on
the Wilsonville method is assigned to a retention time obtained from

APCI's GC system.

Conversion of Area Percent to Weight Percent

Bulk response factors were established by computing the ratio WV weight
percent/APCl area percent for 100°F boiling-point cuts from data on 21

SRC-1 process stream samples:

BP Cut Response Factor

<350°F ' 0.624
350-450°F 1.074
450-550°F 1.004
550-650°F 1.165
650-750°F 1.156
750-850°F 1.444

>850°F 1.800

Multiplying the respective area percents of gas chromatographic peaks by
the response factor for the appropriate boiling range and then normalizing

the results generates weight percent results from the area percent data. i
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Screening Process-Stream Samples for Heavy and Light Distillates

Wilsonville assigns a 3% residue to heavy process streams and no residue
~to light process streams. Thus, the total amount of sample eluting from
the GC column in the GCSD analysis for heavy process streams is assumed

to represent 97% of the sample.

Because APCI's main objective was to simulate the Wilsonville GCSD method,
which distinguishes between heavy and light process streams, a way to
identify the streams was devised. Evaluation of Wilsonville's process-
stream samples showed that a]] heavy distillates contain >5 wt ¥ material
in the >8$O°F cut, whereas all light distillates contain <5 wt ¥ material
in the >850°F cut. Thus, the computer program that APCl developed was
modified so that a sample could be identified as heavy or light distillate

by the weight percent of material in the >850°F cut.

Define Initial and Final Boiling Points

The initial boiling point (IBP) and final boiling point (FBP) of a sample

are determined as 0.5 and 99.5 weight percent of sample, respectively. .

BASIC Programs

Two programs were written to convert APCI gas chromatographic data into WV-GCSD

results:
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0 a program to transfer gas chromatographic data onto magnetic tape,
o a program to calculate WV-GCSD results using the GC data from the magnetic

tape.

Entering GC Data onto GC Data Tape

The program to enter GC data is listed in Exhibit 1. To enter GC data
into the computer and store them in a designated data file on a GC data

tape, follow these steps:

Step 1. Load the program into the computer:
a) | Insert program tape.
b) FIN 4 (file #4 contains the program listed in
Exhibit A).
c) O loads program from file into computer.

d) |Eject|program tape.

Step 2. List last data entered from GC data tape:

a) Insert GC data tapg.

b)  TLIST will 1ist all data files used on the GC
data tape. The files will be labeled as "binary data".
The file Tabeled "last" will be used for new data. For
example, if 47 GC data files are used, the new data will
be entered into file #48.

¢) FIN 47 RUN [FEXrm will list the previously
entered GC data in file #47 and position the tape reader
at the beginning of file #48. An example is shown in

Exhibit 2.
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Exhibit 1. Data Is Entered onto Magnetic Tape

PRINT °RTC(MIN)", "AREAX%"

ON EOF (8> THEN 10
RERD ®33:X,Y
PRINT X,Y
GO 70 2

PRINT °EOF"

PRINT "FILE NUMBER:";

INPUT F

FIND F

PRINT "APPROX.& OF PEAKS:"j
INPUT P

MARK 1,P%9%10

FIND F - ;
PRINT "ENTER RT(MIN),AREAZ""
INPUT X,Y

WRITE €33:X,Y

GO TO 40
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Step 3.

Step 4

Format new file for approximate numbers of peaks from the
chromatogram and enter data:
a) 48 return 10 return, which will format file #48 for

approximately 10 GC data pairs.

.b)  The screen will show ENTER RT(MIN), AREA X. Enter the GC

data and press return after each entry.
¢) After last data is entered, press break tvice; then type ‘
CLOSE return. The screen will show
~ PROGRAM ABORTED IN LINE M1
CLOSE. An example is shown in Exhibit 3.

To relist the just entered data, type FIN 48 return RUN
return. This step is only for proofreading the data entry and
is not needed in order to execute the program. A listing from

file 48 is shown in Exhibit 4.
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10
Exhibit 2. Listing of GC Data Last Entered |

FING? |
RUN ,
RT(MIND AREAR% .
3.87 6.814
11.83 8.34
- 12.11 0.243
13.29 8.242
13.54 8.26
13.95 1.573
14.65 1.148
15.28 8.956
15.952 8.783
16.83 2.433
16.37 1.645
i7.3 S.763
17.57 1.717
17.96 4,317
18.95 2.415%
19.22 2.199
19.58 4,633
29.25 3.294
21.09 3.874
21.41 1.692
21.82 1.183
21.97 1.754
22.62 2.4328
3.2 S.79
24,02 1.791
24,26 2.2%4
25.18 S.337
25.95 2.788
26.62 4.8%6
27.41 3.399
28.43 3.324
28.83 1.489
29.16 1.212
308.19 2.92
39.83 C2.717
31.52 8.764
31.7 1.%549
32.21 8.98S
32.€9 1.19 -
33’. 2' 2- 29
33.88 1.818
34.49 1.529%
35.16 1.817
36.58 1.94
38,27 1.783
48,26 9.832
42,64 1.8S5S
45.51 8.615
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11

Exhibit 3. Entry of GC Data into File #48

EOF
FILE NUMBER:48 =
APPROX.# OF PEAKS:18
ENTER RTCMIN),AREAZ
11.8
234 |
ENTER RTC(MIN),AREAZ
13.54
.26 -
ENTER RT(MINY,AREA%
16.03
2.433
ENTER RTCMIN),AREA%
19.22
2.199 |
ENTER RTCMIND,AREAZ
23.2

.79
ENTER RTCMIND,AREA%

28.83

1.409

ENTER RTC(MIN>,AREARX
31973

15.49 ,

ENTER RT(MIN),AREA%
34.49

ENTER RT(MIN),AREA%
42,64

1.08353

ENTER RT(HIN),QREQ&

PROGRAM ABORTED IN
CLOSE IN LINE 41
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Exhibit 4. Listing of Data in File #48

FIN48

RUN

RT(MIND ARER
11.8 8.34
13.54 8.26
16.83 2,433
19.22 2.199
23.2 9.79
28.83 1.489
31.73 15.48
34.459 1.3529
42.64 1.855

EOF

FILE NUMBER:
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When a brand new GC data tape is used, follow this

procedure:

1.

2
3
4.
S

Insert the new GC data tape.

Press rewind.

Type RUN 33 return.

Enter the approximate number of peaks.

Proceed from step 3b. .

2. Calculating WV-GCSD Results from GC Data

The program used to perform the calculations that generate WV-GCSD results

from APCI-CRSD GC data is listed in Appendix VII-A.

To understand the various

steps in the program and how they relate to the concepts described in the

methodology section, the program was dissected as follows:

A. Initialize the program and read APC] retention time and area percent

from the GC data file tape into the first and second columns of

matrix A:

INIT
PAGE

REM: TT RT CUT-QOFFS,WU LINEAR REGRESSIONS AS IN OUQRTERLY REPORT

PRINT "INSERT DATA TAPE AND ENTER FILE® FOR DATA:*j

INPUT F

DIM AC1S8,7)
DIN BC(?)

R=0Q

B=9

T72=0

FIND F

T1=8

R=9

S=8

T=8

FOR I=1 TO 1S58

ON EGF (8) THENMN 290
READ @33:A(I,1),ARC(1,2)

NEXT 1
N=]-1
FOR I={ TO N
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B. Convert APCI retention time to WV retention time and put into column

7 of matrix A, using equations 1 and 2.

318 REM conversion of TT RT TO

5 sl e BT T T
h = L] -

340 €O %0 368 I,1)360-8.873

38 AC1,7)>20.3423AC1,15268+1243

C. Convert the calculated WV retention time to boiling points and put

into column 3 of matrix A, using equations 3, 4, and 5 .

368 REMARK DETERMINATION OF BOI '
38 gf,“§§’f’:§}§?17§5" (OF BOILING POINTS INTO AcI,3)
32 0 I e e 4z

,7>=>2%68 THEN 438
410 ACI,3520.3418AC1,? .
420 GO TO 438 1h7r+126.8
430 REMARK
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D. Multiply area percents of peaks with appropriate response factors.

Use APCI retention times as boiling rénge criteria:

Boiling Range APCI Retention
(°F) Time (min) Response Factor

<350 <10.9 | 0.624
350-450 210.9 to 16.0 1.074
450-550 $16.0 to 22.5 ) 1.004
550-650 $22.5 to 27.2 1.165
650-750 $27.2 to 32.2 1.156
750-850 $32.2 to 36.3 1.444
~>850 $36.3 1.800
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The retention time cutoffs are based on Table A-3 of Appendix VII-A.

The response factors are based on Table A-6 of Appendix VII-A.

448 REMARK

458 REMARK DETERMINATION OF ARERX ZIRF INTO AC1,4)

460 REMARK AREAX%2XRF FOR EACH DIST. CUT INTO B(1 TO ?>
479 IF ACl.1>=>10,9 THEN J00 '

488 A(I,4)=A(I,2)%09,624

458 GO TO 6680

580 IF A(I,1)>=>16 THEN 338

910 A(I,4>=A(1,25%1.0874

528 GO TO 668

S38 IF R(1,1)>23>22,5 THEN 360
540 AC(I,4)=a(1,2)2%1,084

958 GO TO 6é0

568 IF ACl,1)>=>27.2 THEN S9@
S8 A(I,4)=A(1,22%1.165

>88 GO TO 660

SS@ IF AR(I,1)>=>32.2 THEN 628
688 A(l,4>=A(1,2)X1.156

618 GO TO 668

628 IF A(l,1)>=>36.3 THEN €58
638 A(I,4)=A(I,2,3].444
€49 GO TO 668
6358 R(I,4)>=R(1,27%1.8
668 REMARK
678 NEXT I
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E. Normalize the area percent times response factor to generate weight

percent, which is in column 4 of matrix A, and put the weight into

column 5, matrix A:

688
696
7909
718
728
738
740

REMARK SUM OF A ’ %
FoR 1aioTH 0 LL AREA % % RF (S)
S=S+ACl,4)
NEXT 1
ACTy37aALT, 4
=AC1,4)7
NEX%'X ' ’ S3188
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F. Determine cumulative weight percent boiling point cuts for the

assigned boiling ranges. Put into B(1) through (7):

758 FOR I=1 TO N

760 IF AC1,3)=>3%0 THEN 798 -
778 B(1)=B(1)+AC1,%)

780 GO TO 958

798 IF ACI,3>=>458 THEN 828
880 B(2)=B(2)+A(I,J)

8i@ GO 7O 3358

828 IF A(l,3)=>3358 THEN 8308
838 B(I)=B(3I)+ACI,I)

840 GO TO S38

858 IF AR(Il,3)>=>650 THEN 888
868 B(Q)=B(4)#ﬁ(l;5)

879 GO TO 950

888 IF A(l,3)=>750 THEN 95180
898 B(SX=B(S)+ACI,3)

968 GO0 TQ 958

918 IF ACI,33=)>858 THEN 9548
928 B(6)=3B(6)+AR(1,3)

938 GO TO SS@

948 B(7)=B(7)>+A(I,5>

9350 REM

968 NEXT 1

G. Generate cumylative weight percents and put into column 6 of matrix A:

970 REMARK

980 A(1,62=R(1,5)

998 FOR I=2 TO N

1008 ACl, 6)39(1 -1;6)+AC(1,3)
1010 NEXT I
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H. Determine initial (T1) and final (T2) boiling points. See discussion

in Appendix VII-A:

1828 FOR I=1 TO N

1833 IF ACI,6)=>8.5 THEN 1850
1048 GO TO 1870 )

1858 T1=ACI;3)

1868 GO TO 1888

1870 MEXT I

1888 FOR I=1 TO N

1898 IF ACI,6>=3>99.5 THEN 1110
1188 GO TO 1138

10 T2=A(1,3)

28 GO TO 1208

38 NEXT 1

I. Determine if sample is heavy distillate; if so, assign a 3% residue

(R). Renormalize the boiling-point cut data accordingly:

1148 REM:DETERMINATION OF HEAUVY DISTILLATE
" 11358 1F B<=9,.,85 THEN 119@

1168 R=3

1178 FOR I=1 TO ?

1188 B(I1)>=8(1>%8.97

1190 REM

Note:. If no residue calculation is desired, delete line statements

#1140-1190 and #1530.
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J. Print out long version of results:

REMARK CHROMATOGRAM WITH CALC. BP, WT% AND CUM. WTX PRINT OUT
PRINT *TAPENUMBER:"}

INPUT Xs$

PRINT °®SAMPLE MUMBER : "3

INPUT Cs

PRINT ®"DATE:";

INPUT Ds$

;E%:; *APC! GC-SIMULATED DISTILLATION BY WU METHOD®

PRINT

;:%:; USING 1588:"RT(MIN)", "AREAR%", "BP(F)","WEIGHTX", "CUN., WT%*®
FOR I=f TO N

:§§¥TIUSXHG 1573:ﬂ(191)99(1,2):9(113)pﬁ(IoS)oR(I;G)

INPUT Y$

Note: Input Y$ allows copying before screen is cleaned for summarized

version of results. Press return.
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K. Print out summarized or short version of results:

1360 REMARK
1378 REMARK BOILING POINT DISTRIBUTION BY WV METHOD
13808 PRINT

1390 PAGE
1408 PRINT "TAPENUMBER:®}X$;° FILENUMBER:";F
1418 PRINT "SAMPLE MUMBER:®;C$

1428 PRINT "DATE:*;D$

1438 PRINT -

1448 PRINT USING 1688:°DISTILLATION CUT®,°KEIGHT%X®
1458 PRINT

1468 PRINT USING 1598:°  <3%8(F>*,B(1)

1478 PRINT USING 1590:"350-430(F)>*,B(2)

1488 PRINT USING 1598:°450-330(F)*,B¢3)

1458 PRINT USING 1398:"SS8-6S8¢(F>",B(4)
1588 PRINT USING 1390:°6508-738CF)",B(3)
1310 PRINT USING 1398: "73@-838¢F> ", B(G;

1528 PRINT USING 13598:° )SSQ(F)' B(?

1538 PRINT USING 1S98:*"RESIDUE 'R

1548 PRINT

1358 PRINT USING 1610:° IBP  *,T1,°CF)"

1360 PRINT USING 1610:" FBP '9TZ.'(F)'

1370 IMAGE 2D.2D, 4X, 2D.2D, 4X, 4D.1D,6X,2D.2D,4X,3D.2D
1588 IMAGE 7R, 4X, 6R, 3X, SA, 4X, 7R, 4X, 9A

1598 IMARGE 16A, 6 X, 3D.2D

1688 IMAGE 164, 4X, 144

1618 IMAGE 16R,6X,4D,; 3R ‘
1628 REMAR: THIS WU SIMULATION OF GC~-SINM .DIST. DISCRIMINRTES
%gig EEgﬂR:BP‘CUTS BY RETENMTION TIME CUT OFFS.
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Instructions to the WV-GCSD Program User

To use the program, follow these steps:

Step 1. Load the program into the computer:
a). insert program tape.
b) FIN 19 (File #19 contains the program listed in
Appendix 2). '
e) OLD loads the program from the file into the computar.
d) Eject program tape.
Step 2. Perform WV-GCSD calculation:
a) Insert GC data tape.
b) RUN The screen will show “Insert data tape and enter
f'i'le# for data".
c) Enter GC data file number
Enter tape name and or number

Enter date lreturn'}

The screen will show the first page of the GC results.

d) Press . Press [home page]

The screen will shaw the second page of the GC results,

e) Press . press !home page]

Repeat until the screen is blank, except for a flashing ? in

the upper right-hand corner.

f) Press ,  press
This will copy the summary page for the W-GCSI_J results.
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Note: To calculate the WV-GCSD results for the next data
set, follow from Step 2b.

An example of a typical result is shown in Exhibit 5.

Acknowledgment

Special thanks to Jeff Bauer (Corporate R&D) and Mike Rusak (MID) for their

help in writing and debugging this program.
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Exhibit 5

INSERT DATA TAPE AND ENTER FILE® FOR DATA:47
TAPENUMBER: GC1

SAMPLE NUMBER : 82-43533

DATE:8-16-82

APCI GC-SIMULATED DISTILLATION BY WU METHOD

RT(MIND AREAZ BPC(F) MEIGHTZ CuM. WTZ

3.07 .01 184.3  9.81 8.081
11.83 8.34 3%6.9 8.31 8.32
12.11 9.25 362.4 - 9.23 8.55
13.29 .24 385.7 8.22 Q.77
13.54 8.26 390.6 9.24 1.01
13.95 1.57 398.7 1.45 2.46 .
14.65 1.15 412.5 1.96 3.53
15.28 .96 424.9 8.88 4.41
15.52 8.70 429.7 8.65 s.06
16.03 2.43 435.7 2.18 7.16
16.37 1.65 446.4 1.42 g.58
17.30 <.76 464.8 4.98 13.56
17.57 1.72 479.1 1.48 15.84
17.96 4.32 477.8 3.73 18.77
18.95 2.42 497.3 2.89 28.85
19.22 2.29 $82.6 1.5@ 22.75
19,58 4.63 599.7 4.28 26.75
20. 25 3.29  522.9 2.94 29.68
21.989 3.87 €39.5 3.3% 32.94
21.41 1.69 $45.8 1.46 34.48
21.82 1.10 €s3.8 8.95 35. 36
21.97 1.7% $55.8 1.51 36.87
22.62 2.44 $69.6 2.44 39.31
23.29 .79 £81.8 5.80 4% 11
24.02 1.79 £97.2 1.79 46.91
24.26 2.25 601.9 2.26 49.17
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Exhibit 5

25.18 S.354 628.1 SeuI S4.72
25.93 2.79 633.3 2,79 s7.31
26.62 - 4,86 648.3 4,87 62.38
T.41 3.48 664.90 3.38 63.73
28.43 3.32 684.1 3.38 65.06
28.83 1.41 €52.98 1.408 708,46
29.16 1.21 €58.3 1.21 ?1.67
30.19 2.92 718.8 2.58 74.37
30.83 2472 731.4 2.78 ?7.287
31.32 8.76 743.8 8.76 78.83
31.73 1.33 749.2 1.354 79.957
32.21 8.99 798.6 1.22 88,79
32.69 1.15 768.1 1.43 82.22
33.27 2.29 ?779.9 2.84 85.87
33.88 1.82 791.6 1.26 86.33
34.49 1.33 ?791.7 1.90 88.23
35.16 .82 796.4 2.26 98.49
36.38 1.94 886.3 3.00 93.49
38.27 1.78 818.2 2.64 96.13
48.26 8.83 832.1! 1.29 S7.41
42.64 1.86 848.7 1.63 - 99.89
4S5.351 8.62 g68.8 8.95 180,86 -
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Exhibit 5

TAPENUMBER:GC1  FILENUMBER:47
SAMPLE NUMBER:82-4%33
DATE:8-15-82

DISTILLATION CUT WEIGHTZ

{3308(F) 8.01
338-438(F)> 8.37
458-3558(F) 23.82
S38-65a(F) 27.97
658-750¢F) 17.29
738-8S0<F) 19.48

>8358(F) 8.95
RESIDUE .08

IBRP 362¢(F)

FBP 863(F)>
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Appendix VII-A
Development of SRC-I Product Analysis
from the
SRC-1 Quarterly Technical Report

July - September 1981

I. S. Kingsley
F. K. Schweighardt
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DEVELOPMENT OF SRC-1 PRODUCT ANALYSIS

Because several research programs are‘generating data that will be
used in SRC-I1 Demonstration Plant design, standardization of the dif-
ferent analytical work-up methods is critical. Straightforward correla-
tion of the data is essential before a meaningful data base can be
established. Therefare, 'APCI has heen evaluating analytical methods
used for product studies, in particular by comparing methods used by
APCI to analyze products from the coal process development unit (CPDU)
to methods used at Wilsonville Pilot Plant.

During this quarter, APCI focused on one of four key analytical
procedures used at Wilsonville, simulated distillation by gas chromato-
graphy (SDGC). In earlier work, APCI identified differences between
Wilsonville's SDGC technique and that used by the American Society for
Testing and Materials (ASTM), method D-2887. APCI duplicated Wilson-
ville's procedure and determined that the results using the integrators
from both Wilsonville and APCI differed. APCI has established a mathe-
matical simulation that permits conversion of APCI SDGC results to those
obtained at Wilsonville.

APCI analyzed 21 samples from seven different process streams at
Wilsonville and compared the results with Wilsonville's analytical data.
Conclusions from this comparison are summarized below.

Comparison of the boiling-point distributions obtained using Wil-
sonville's SDGC method at both Wilsonville and APCI revealed that:

®© APCI duplicated Wilsonville's SDGC boiling-point distribution
with excellent results.

© APCI's inftial and final boiling puinls are about 5% Tower
than Wilsonville's.

Comparison of boiling-pnint distributions of a CPDU sample and
Wilsonville process-stream samples determined by Wilsonvi11e SDGC indi-
cated that: duplication .of the Wilsonville SDGC method at APCI is
adequate for comparing results from all samples based on boiling-point
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distribution; the single CPOU sample and the Wilsonville process-solvent
product had similar boiling-point distributions.

Comparison of boiling-point distributions determined by Wilsonville
SDGC and the ASTM SDGC method (D-2887) showed.that: ASTM boiling-point
distributions correlate poorly with those from Wilsonville SDGC; ASTM
initial and final boiling points differ from Wilsonville's (aliphatic
vs. aromatic boiling-point standards); ASTM boiling-point distributions
are more precise than Wilsonville's (time slicing vs. peak area integra-
"~ tion). .

Comparison of the results from ASTM and Wilsonville SDGC methods
with results from actual distillation will establish the accuracy of
these methods.

INTRODUCTION

As discussed in detail in previous reports (Kingsley et al., 1981;
Kingsley and Schweighardt, 1981; Lamb and Kingsley, 1981), the Wilson-
ville approach to determining the boiling-point distribution of process-
stream samples differs from the ASTM D-2887 method for SDGC. The key
differences are as follows:

® Choice of boiling-point calibration standard

Use of response factors: empirical ratios of weight percent
to area percent '

° Modg of integration

The Wilsonville method employs aromatic compounds to calibrate the
gas chromatographic retention times for boiling points, whereas the ASTM
D-2887 method. employs aliphatic compounds (n-C5 through n-C44). The
effect of calibrating with different types of boiling-point standards,
as discussed in previous reports, is illustrated in Figure 1. The solid
line indicates the relationship of retention time to aromatic boiling
points, while the broken 1line shows this relationship for aliphatic
boiling points. For compounds with Boi]ing points of less than 500°F,
the results obtained employing aromatic or aliphatic standards will be
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similar. However, for compounds with boiling points above 500°F, the
simulated boiling point determined with the aliphatic standard will be
lower than the simulated boiling point determined with the aromatic.
standard.

The Wilsonville method uses response factors established for an
aromatic calibration standard to report the boiling-point distribution
in weight percent. The ASTM D-2887 method, which does not use response
factors, reports the boiling-point distribution in gas chromatographic
(GC) area percent, which correlates to volume percent. for petro1eum-‘
derived materials.

The Wilsonville method integrates by peak areas, whereas the ASTM
method uses the time-slicing mode of integration. In time-slicing
integration, the boiling-point cutoff is defined at a specific retention
time and, therefore, can fall in a valley between two peaks or on the
slope or apex of a peak. However, in peak-area integration, the
boiling-point cutoff is defined by a specific peak and always falls in
the valley following that peak. Figure 2 (a chromatogram of a Wilson-
ville recycle solvent) illustrates the differences in these integration
modes. Four boiling-point cuts are depicted: <450, 450-550, 550-650,
and >650°F. Line A shows the cutoffs for the four boiling-point cuts by
the ASTM D-2887 method. For this example, the assigned cut paint far
two of the cutoff temperatures fdalls within the area of a peak rather
than in a valley between two peaks. Line B shows the same aliphatic
boiling-point calibration, but with peak area integration. In this
case, the boiling-point cutoffs fall in the valleys between peaks, and
the entire area of the peak preceding the cutoff is assigned to the
lower boiling fraction. Line C shows peak area f{ntegration as in
line B; however, the boiling-point axis is calibrated using aromatic
standards. The Wilsonville procedure uses peak area integralion and
aromatic standards. In addition, the peak area is multiplied by a GC
response factor, which is calculated from the peak's retention time by
the relationship illustrated in Figure 3. Response factors for selected
aromatic compounds have been established from experimental weight
percent/area percent ratios. Based upon these experimental ratios, a
fifth-order polynomial equation was generated by Wilsonville to deter-
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mine response factors for unknown peaks (lLewis et al., 1977, 1979).
APCI observed that with increasing retention time, i.e, increasing
boiling point, the response factor increases. '

Figure 4 shows that different modes of integration and calibration,
when applied to a single chromatogram, will yield different boiling-
point distributions. Bar A represents boiling-point distributions
derived from the integrated areas of Figure 2, line A (time-slicing,
aliphatic standards, ASTM D-2887). Bar B represents boiling-point
distributions derived from the integrated areas of Figure 2, 1line B
(peak area, aliphatic standards). Bar C represents boiling-point dis-
tributions derived from the integrated areas of Figure 2, line C (peak
area, aromatic standards). Bar D represents boiling-point distributions
derived from the integrated areas of Figure 2, line C, after applying
the response factors shown in Figure 3 (peak area, aromatic standards,
response factors, Wilsonville method). Comparison of bars A and B shows
the effect of using peak-area and time-slicing integration. The effect
of using aliphatic and aromatic standards is shown by comparing bars B
and C, and comparison of bars C and D shows the effect of using response
factors. A comparison of SDGC results from the ASTM D-2887 method and
the Wilsonville method'(bars A and D) shows that the Wilsonville method
yields a higher product distribution in the higher boiling ranges than
does ASTM D-2887.

METHODOLOGY

To establish the Wilsonville simulated distillation procedure at
APCI, 21 Wilsonville process-stream samples were analyzed and compared
with the results obtained at Wilsonville for the same samples. The
following four-step approach was used:

® Conversion of retention time to boiling point

° (Conversion of retention time to response factor

© Screening for heavy or light distillate

° Determination of initial and final boiling points
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Conversion of Retention Time to Boiling Point

Wilsonville converts GC retention times to boiling points by using
documented boiling points of selected aromatic compounds in the litera-
ture, as described previously (Kingsley et al., 1981; Kingsley and
.Schweighardt, 1981; Lamb and Kingsley, 1981). Based on their retention
times, selected peaks 1in the chromatogram of a process stream are
assigned specific boiling points. A computer program is then used to
inter- and extrapolate boiling points for unknown peaks based on their
respective retention times. A plot for this conversion, as practiced at
Wilsonville, is illustrated in Figure 5.

APCI's approach for the conversion of retention times to boiling
~ points employs aromatic boiling-point standards by comparing APCI reten-
tion times to Wilsonvilie retention times on an identical sample, by
converting APCI retention times to Wilsonville retention times, if
necessary, and by applying the Wilsonville retention time to the
boiling-point conversion (Figure 5).

Wilsonville and APCI retention times were found to differ
(Figure 6). Therefore, in order to convert APCI retention times to
Wilsonville retention times, a relationship had to be established (see
Figure 7). Figure 7 shows that the relationship between the two reten-
tion times (RT) can best be expressed by two linear equations:

RT

0.963RT - 8.073 (RT 2,050 sec) (1)

WV APCI APCI S

RT,., = 0.342RT + 1,243 (RTAPCI > 2,050 sec) (2)

WV APCI

These equations allow peak-by-peak conversion of APCI retention times
(RTAPCI) to Wilsonville retention times (RTWV) in a sample analyzed on
APCI's GC system.

Application of the Wilsonville GC retention time to boiling-point
conversion (Figure 5) can be effected by three distinct linear transfor-
mations:
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BP (°F) = 1.48Rva - 39.25 (RTwv < 120 sec) (3)
BP (°F) = 0.341RTwV + 126.5 (RTwv > 120 sec and € 2,560 sec) (4)
BP (°F) = 0.049Rva + 893.9 (RTWV > 2,560 sec) (5)

where BP is boiling point. Using equations 1-5, one can now assign a
boiling point based on the Wilsonville method to a retention time
obtained from APCI's GC system.

Conversion of Retention Time to Response Factor

Wilsonville's approach for establishing response factors for peaks
in a chromatogram involves setting up response factors for selected
aromatic compounds, fitting a fifth-order polynomial equation through
these response factors, and extrapolating for unknown peaks. For the
analysis of an actual process-stream sample, peaks corresponding to the
retention time of the selected aromatic compounds are identified as
those compounds and assigned the experimental response factors.
Response factors for all peaks not identified are computed based on the
fifth-order polynomial equation. A plot relating Wilsonville retention’
times to respon;e factors is shown in Figure 3. (The fifth-order poly-
nomial equation is described in Lewis et al., 1977, 1979.)

_APCI's objective is to develop a procedure that will simulate the
boiling-point distribution determined by the Wilsonville SDGC method.
Wilsonville employs a sophisticated computer program to examine each
individual peak in an unknown chromatogram to determine whether an
experimentally established or a calculated response factor should be
used for that peak. To accomplish APCI's objective without necessita-
ting extensive computer hardware and software development, the following
approach has been selected:

° Obtain APCI GC and Wilsonville SDGC data for 21 discrete
samples from seven different Wilsonville process streams.

°© Use Wilsonville's boiling-point definition to divide APCI data
into 100°F boiling-point cuts for each sample.
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Determine APCI area percents for each 100°F boiling-point cut
for each sample.

Obtain Wilsonville weight percents for corresponding boiling-
point cuts for each sampile.

Calculate a hybrid response factor for each boiling-point cut
by computing the ratio Wilsonville weight percent/APCI area
percent for each sample.

Compute a single “bulk response factor” for each 100°F
boiling-point cut.

Table 1 lists the 21 samples used to establish the bulk response
factors. These samples, consisting of three distinct samples from seven
different process streams routinely tested at Wilsonville for material-
balance analysis, vary from 1light to heavy distillates. They were
analyzed by GC at APCI using Wilsonville conditions (as detailed in
Kingsley et al., 1981; Kingsley and Schweighardt, 1981; Lamb and
Kingsley, 1981).

The resultant chromatograms were compared to those generated at
Wilsonville. Boiling-point cuts were defined by Wilsonville. The reten-
tion times at the defined cut points are listed in Table 2 for the
Wilsonville results and in Table 3 for the APCI results. Means (§) and
standard deviations (SD) are also 1isted in these tables. The SD re-
flects. the gas chromatographic reproducibility at both laboratories.

Table 4 lists the area percents of the boiling-point cuts for each
of the APCI-generated and -analyzed chromatograms, and Table 5 lists the
weight percents of the same boiling-point cuts for each of the Wilson-
ville-generated and -analyzed chromatograms. The results for the heavy
oils (Table 5), which as calculated at Wilsonville include a 3 wt %
residue value, were normalized to 100%¥ to eliminate the residue value in
order to better compare the gas chromatographic results. From the data
in Tables 4 and 5, a series of hybrid response factors (Wilsonville
weight percent/APCI area percent) for each boiling-point cut was calcu-
lated; these are 1isted in Table 6. Examination of these data reveals a
greater scatter in the hybrid response factor for boiling-point cuts
containing a low concentration of material. This scatter is due to

511



experimental error, caused by the radically different chemical composi-
tions of the sample streams. To correct this error, a weighted response
factor (bulk response factor) was computed for each boiling-point cut as
follows: V

© Divide the Wilsonville weight percent for each boiling-point
cut by the sum of the Wilsonville weight percent for that
particular cut.

© Multiply the hybrid response factor by the weighted factor
(bulk response factor) for each boiling-point cut for each
sample.

© Sum the weighted hybrid response factors for each boiling-
point cut. 4

The bulk response factor (BRF) was calculated with the following

A WY wt% WVW‘%
8 F-_z APCl area % TWVwt%

The bulk response factors for each boiling-point cut, computed this way,

equation:

are shown in Table 6 and in Figure 8.

Screening Process-Stream Samples for Heavy and Light Distillates

In 1974, Wilsonville established that some process streams (light
process streams) were completely laboratory distillable by ASTM method
D-1160, whereas under the same conditions other samples (heavy process
streams) left about a 3% residue. The seven process streams tested here
(listed in Table 1) consist of three heavy and four Tight process
streams.

The 1974 experiment prompted Wilsonville to assign a 3% residue to
the three heavy process streams and no residue to the light process
streams. Based on this information, the total amount of sample e1utjng
from the GC column in the SDGC analysis for the heavy process streams
was assumed to represent 97% .of the sample. The final Wilsonville
analytical report is adjusted ac¢cordingly to account for the 3% residue.
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APCI's main objective is to simulate the Wilsonville SDGC method,
which distinguishes between heavy and 1ight process streams. To accom-
plish this objective, APCI devised a means of distinguishing between
heavy and light streams. Rather than conducting an extensive distilla-
tion study for CPDU samples, APCI}s approach was to examine the Wilson-
ville data to determine distinguishing characteristics of both heavy and
1ight streams. Evaluation showed (Table 5) that all heavy distillates
contain >5 wt ¥ material in the >850°F cut, whereas all light distil-
lates contain <5 wt ¥ material in the >850°F cut. Thus, the computer
program APCI developed was modified so that a sample could be distin-
guished as heavy or light distillate from the weight percent material in
the >850°F cut.

Examples of wi1sonvi11e's'analyzed light distillate (stream no.'s
20 and P171) and heavy distillate (stream no.'s 3 and V110 dist) are
shown in the chromatograms in Figures 9 and 10, respectively. In both
figures, the boiling-point calibration is indicated along the base line.
Observe that the chromatogram in Figure 9 has reached the base line at
the end of the analysis (right side of graph), whereas in Figure 10 it
has yet to reach the base line. This last phenomenon was observed for
all heavy distillate samples (by Wilsonville definition) and imp]iesl
that some very high boiling material is still eluting from the column,
but the GC integrator is unable to differentiate any peaks. Therefore,
the integrator assumes the base line is present in this outer region of
a heavy distillate. The addition of 3 wt ¥ residue value is, therefore,
justified for the sake of the material balance. An absolute value of
nondistillable residue, however, would be much more acceptable.

Define Initial and Final Boiling Points ’
ASTM method D-2887 defines the initial and final boiling points of
a sample as the temperatures calculated from the retention times at the

initial 0.5 area % and the final 0.5 area % of the sample's chromato-
gram. Wilsonville employs a similar procedure: the initial boiling
point (IBP) and final boiling point (FBP) of a sample are determined as
0.5 wt ¥ and 99.5 wt ¥ of a sample, respectively, calculated using the
previously described reponse factors. APCI used the same approach to
simulate the Wilsonville procedure.
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REPRODUCING WILSONVILLE'S RESULTS

A computer program was written incorporating all previously
described computations. Data from each SDGC analysis performed at APCI
on the 21 Wilsonville samples were then run through the computer to
obtain weight percents of 100°F distillate cuts, initial and final
boiling points, and percent residue. These results were compared with
those obtained at Wilsonville.

Initial and Final Boiling Points

Table 7 compares the initial and final boiling points and Figure 11
correlates the APCI and Wilsonville boiling points. The linear regres-
sion equation is as follows:

8P = 0.9498Pwv = 6.115 (r = 0.991)

APCI
This shows better agreement than the IBP and FPB separately. The dotted
line in Figure 11 represents a slope of 1.0 and an intercept of zero,
which would be the line for perfectly matching results. The overall
trend is that the APCI initial and final boiling points are approxi-
mately 5% lower than the Wilsonville boiling points. This discrepancy
could stem from the different criteria at which the Wilsonville or APCI
integrators calculate the initial and final 0.5 area ¥ of the chromato-
gram, which defines the initial and final boiling points.

Screening for Heavy and Light Distillates
The results of APCI's screening for heavy and light distillates are

shown in the residue column of Table 8. Observe that the three heavy
distillate process streams (no's. 17, 29, and 3) were identified cor-
rectly via the previously described computation. A perfect agreement
with the Wilsonville results was achieved and APCIl's method for dis-
tinguishing heavy and light distillates was considered valid.

Weight Percents for 100°F Distillate Cuts
Results from APCI's simulation of Wilsonville SDGC for 21 process

stream samples are also shown in Table 8. These resu]ts are then com-
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pared to Wilsonville's SDGC results (Table 5) in Figure 12, which shows
a plot of the weight percents for each 100°F boiling-point cut from the
two laboratories. A similar comparison was performed for the 100°F
steps of cumulative weight percents (Figure 13).

A linear regression was performed to compare the APCI and Wilson-
ville SDGC results on a stream-by-stream basis. The Wilsonville results
were treated as the independent variable (x), whereas the APCI results
were the dependent variable (y). Analysis of the ‘individual weight
percents and cumulative wefght percents of 100°F boiling=point cuts for
three distinct samples of each process stream generated the data shown
in Table 9. Perfect agreement between the two methods would result in a
slope af 1.0 and an intercept of 0.0. A comparison of APCI and Wilson-
ville data indicates the following:

® Cumulative weight percents agree better than individual weight
percents.

® For cumulative and individual weight percents, all slopes are
near one, all intercepts are small, and weight percents fluc-
tuate ;1ose to the values for all streams combined.

° For cumulative and individual weight percents, the data for
stream no. 17 show the greatest amount of scatter as reflected
in the low correlation coefficient. |

Based on -the above linear regression analysis, it is clear that
APCI can duplicate the Wilsonville SDGC results with excellent agreement

in all aspects, for the 21 samples analyzed.

Cumulative Weight Percents for 100°F Distillate Increments

To provide additional insight into the comparison, means and stan-
dard deviations from the cumulative weight percents of the 100°F
boiling-point cuts of the 21 samples were determined (see Table 10). A
comparison of APCI and Wilsonville data indicates the following:

® The means for 100°F boiling-point cuts are very similar in all
cases.
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Standard deviations of the means are generally low and com-
parable.
° Sums of the standard deviations (2 SD), a measure of the
sample-to-sample variatfon in composition, for each process
. stream are also generally low and comparable, except for
stream no. 17.
° Totals of the Z SD's are similar and reflect comparable pre-
cision.

It was noted during the APCI SDGC analysis that three samples from
process stream no. 17 contained some water; even after careful sampling,
the results were less reproducible than those for other process streém
samples. Therefore, the increased scatter (higher SD) and lower corre-
lation (r) of the APCI and Wilsonville results for process stream no. 17
were attributed to sample composition, not analytical method.

ANALYSIS OF CPDU SAMPLES BY WILSONVILLE SDGC

The objective of this portion of the program was to analyze CPDU-
generated sampies by using the Wilsonville SDGC method at APCI. This
allows direct comparison.of CPDU and Wilsonville process streams with
respect to boiling point-distribution.

A total-product-l1iquid (CPDU) sample, obtained during a demonstra-
tion-plant-condition run (HCL 43-149), was extracted with n-pentane by
solvent separation to obtain the "ails" fraction. This sample was then
analyzed at APCI by the Wilsonville SDGC method and the results of the
boiling-point distribution were compared to the Wilsonville SDGC results
for 1light (Figure 14) and heavy process stream§ (Figure 15) The
boiling-point distributions for the CPDU sample and the seven Wilson-
ville process streams are compared\numerica11y for the 100°F boi1ing-
point cuts in Table 11.

Figure 14 shows that the boiling-point distribution for the CPDU
sample differs from that for the four light Wilsonville process streams.
Figure 15 shows that the boiling-point distribution for the CPDU sample
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is similar to that for the three heavy process streams; it appears to be
most similar to that of process stream no. 29, the Wilsonville process
solvent.

COMPARISON OF WILSONVILLE SDGC RESULTS TO ASTM D-2887 RESULTS

The same 21 Wilsonville samples were analyzed by the ASTM SDGC
method, D-2887. The results of this method and the Wilsonville SDGC
method were compared for the following:

° Initial- and final-boiling-point determination

® ASTM area percenl vs. Wilsonville weight percent of 100°F
boiling-point cuts

© Analysis reproducibility

Initial and Final Boiling Points
The ASTM D-2887 results for initial and final boiling points are
compared with the Wilsonville results in Table 12 and in Figure 16.

This comparison is described by the linear regression curve as follows:

BP = 0.847BP ., + 35.643 (r = 0.994) (6)

ASTM wv
It is clear from this comparison that the correlation of the two methods
is good (r = 0.994). While the ASTM D-2887 method does not duplicate
the Wilsonville results, it is possible to interconvert ASTM D-2887
boiling points to Wilsonville SDGC boiling points using eguation 6.

The deviation of the Wilsonville results from the ASTM results is
indicated by the dotted line in Figure 16, which is the line for perfect
agreement. This deviation is similar to that in Figure 1, which shows
the effect of using aliphatic vs. aromatic standards for retention-time
calibration. Figure 16, therefore, illustrates the major difference
between ASTM D-2887 and the Wilsonville method, that is, the selection
of the boiling-point calibration standards.
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ASTM Area Percent vs. Wilsonville Weight Percent
The GC area percents for 100°F boiling-point cuts obtained by ASTM

D-2887 analysis are listed in Table 13, and Figure 17 compares the ASTM
individual area percents with the individual Wilsonville weight per-
cents. A correlation coefficient of 0.863 indicates that results from
both methods correlate poorly. This poor correlation precludes the
establishment of an equation to allow for direct interconversion of ASTM
individual area percents to Wilsonville individual weight percents. The
ASTM cumulative area percent is compared with the Wilsonville cumulative
weight percent in Figure 18. The best-fit linear regression line is
also shown. The 1linear correlation coefficient for these data is
improved to 0.979. Visual inspection of the data in Figure 18 indicates
that throughout the majority of the distillation range most data points
fall above the best fit of the data. Thus, this equation could then be
used to interconvert ASTM and Wilsonville cumulative SDGC results.

Analysis Reproducibility
To describe the analytical reproducibility of ASTM D-2887, means
and standard deviations of the cumulative area percent of the 100°F

boiling-point cuts were obtained. These results are compared to the
Wilsonville cumulative weight percent results in Table 14 and indicate

the following:

° The means for the 100°F boiling-point cuts are not consis-
tently similar.

© Standard deviations of the means are generally lower for the
ASTM method.

© Sums of the standard deviations (3 SD) for the ASTM method are

much lower, reflecting better precision.

As found previously (Table 10), process stream no. 17 showed

less reproducible results than the other process streams.

The consistently lower standard deviation for the ASTM method can

be explained by the difference in modes of integration. APCI concludes
that the mode of integration used in the ASTM procedure, time slicing,
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\

is a more precise method than the Wilsonville mode of integration, peak

area integration.

CONCLUSIONS

The data presented in this report provide the basis for three

comparisons. The following conclusions have been drawn:
Boiling-point distribution from the Wilsonville SDGC methods at
APCI and Wilsonville: '

Wilsonville SDGC buillny=point distributions can be duplicated
at APCI with excellent agreement.

APCI's method of identifying heavy and 1light distillates
duplicates Wilsonville's results.

APCI's initial and final boiling points are about 5% lower
than Wilsonville's.

Wilsonville SDGC at APCI and at Wilsonville allows recognition
of inconsistencies in process stream composition.

Boiling-point distribution from Wilsonville SDGC of a CPDU sample
and of Wilsonville process streams:

-]

-]

Duplication of Wilsonville's SDGC results at APCI provides the
methodology necessary to compare CPDU samples to Wilsonville's
process streams on the basis of boiling-point distribution.
The single CPDU sample analyzed, when compared with the pro-
cess streams, was found to be similar to the Wilsonville
process solvent product.

Boiling-point distribution from Wilsonville SDGC and ASTM D-2887:

ASTM boiling-point distributions correlate poorly with those
from Wilsonville SDGC.

ASTM initial and final boiling points are different from
Wilsonville's (aliphatic vs. aromatic boiling-point stan-
dards).
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® ASTM initial and final boiling points can be converted to
Wilsonville's boiling points by a linear equation.

© ASTM boiling-point distributions are more precise than Wilson-
ville's (time slicing vs. peak area integration).

The accuracy of the results obtained by the ASTM and Wilsonville SDGC
methods needs to be established by comparison to actual distillation
results.

LITERATURE CITED

Kingsley, I1.S5., and F. K. Schweighardt. 1981. Development of SRC-I
product analysis. Pages 325-379 in Draft SRC-I quarterly technical
report, April-June 1981. DOE/OR/03054-4. International Coal
Refining Co., Allentown, Pa.

Kingsley, I.S., A. Z. Kamzelski, D. M. Parees, and F. K. Schweighardt.
1981. Development of SRC-I product analysis. Pages 139-149 in
quarterly technical report, January-March 1981. ' DOE/OR/03054-3.
International Coal Refining Co., Allentown, Pa.

Lamb, S. C., and I. S. Kingsley. 1981. _WiISOnville SRC-1 pilot plant
sampling procedures and analytical methods. Pages 195-230 in Draft
SRC-1 quarterly technical report, April-June 1981. DOE/OR/03054-4.
International Coal Refining Co., Allentown, Pa.

Lewis, H. E., W. H. Weber, G. B. Usnick, W. R. Hollenack, and H. W.
Hooks. 1977. Solvent-refined coal (SRC) process operation of
solvent-refined coal pilot plant, Wilsonville, Alabama. Quarter1y
technical progress report for the period April-June 1977. Cataly-
tic, Inc., Wilsonville, Ala. FE-2270-24, prepared for U.S. Energy
Research and Development Administfation and the Electric Power

" Research Institute. '

Lewis, H. E., W. H. Weber, G. B. Usnick, W. R. Hollenack, H. 0. Blair,

and R. G. Boykin. 1979. Solvent-refined coal (SRC) process opera-

" tion of solvent refined coal pitot plant, Wilsonville, Alabama.
Annual report, January-December 1978. Catalytic, Inc., w{1son-
ville, Ala. FE-2270-46, prepared for the U.S. Department of Energy
and the Electric Power Research Institute.
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Table 1

Samples of Seven Diffsrent Wilsonville Process Streams

Wilsonville Wilsonville APCI

process Stream sample sample Distillate

stream no. no. ' no. type

Vg4 3 67190 21 Light
67368 22
67292 23

T104 bta 35 67198 24 Light
6737 25
67285 26

N 20 67293 27 Light

671N 28 Light
67369 29

V77 17 67288 30 Heavy
67195 N
67364 2

V105 oi1 1 57204 i3 . Ligne
: 67192 k73
67294 35

V131A 29 67289 36 Heavy
67189 37
67375 38

V110 dist 3 67290 39 Heavy
- 6718 40

67366 4
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Retention Times (Minutes) of Peaks before and after Lhe APCI Cut Polints

Table )

Wilson-
ville APCH
process Siresa sample .
streas  ha.  no. 350°% e $80°F 650°F 150°F 850°F
21 10050 M.20 1567 ¥6.2) 2206 2242 2672 21.8 N9 3225 3530 .22
Vise n 22 10.68 11,62  15.2) 16.4)  22.2) 2258 2688 203 3203 32.41 3569 13145
0 10,81 N1.S6 1602 1658  22.44 22.79 22.10 20.4  3.8) 32.30 3619 37.80
26 WIS .08 1540 1600 2078 2202 26.43 2683 361 3).34 3538 3680
1104 bta 35 2 10019 1107 1589 15.94 20.84 22.19 2588 265  J.MB 32.02 3544 36.9)
2 10.03 10,98  15.34 15.9)  20.76 22.0)  26.42 26.62  3.5h 32.29  35.35 3681
Y] 10.79 1029 15.98 16.58 20.85 2224 26.08 27.54 - .- .- -
T3] 2 28 10.82 NN 1554 16.28  21.69 22.09  26.02 2150 - -- - -
29 10,15 1108 1583 16.2) 2018 22.04  26.05 21.53 -- - . -
10 - - 557 164 22.M 2302 26.66 27.03 3.5 1234  35.92 137.08
n " n - -- 1576 16.43 2238 2308 267 22.¢7 3.5 3233 3560 32.0)
2 - - 1572 16,08 22.38 2308  26.65 2.3  31.55 32.31 3559 36.54
n 10.20 1098  15.36 1595 2173 2201 26.4) 26.€2  ILE) 3096 3530 3684
vieS oft N " 10.2¢ 1000  1S.00 1600 20.82 22.06 2681 2668  30.63 3200 3540 136.86
3% 10.30 1108 1500 1597  21.75 2203 26,42 26.€3 3163 31.97  35.39 36.85
% 49 119 1587 1598 2188 2219 26.7V 20.¢7 .M 32.26 3565 365
Vi3IA 2% » 9.42 .08 1534 1585  20.72 23.2)  26.62 26.57 1.5 3245  135.%0 , 36.39
8 10.29 1114 1537 15.88  20.70 2205  26.5) 2690 3L 32.00 3546 36.32
» WA 110 1530 1507 2060 2.9  26.85 2692 LM 3206 3553 3%.47
VIO dist 3 © 1603 10,05 1532 1506 21.6) 20.97 2662 269  31.e8 32.22 3552 3648
a 197 10,08 1531 IS M4 2058 2098 26.8) 2649 MM 3202 15.49 36.39
Ranges  9.42-  10.98-  15.39- 15.74-  21.58- 21.94  25.88- 26.%2- 30.@A- 30.%4-  35.35- 16.39-
1.2 1056  16.02 16.58  22.4¢ 23.2)  27.10 20.¢4  32.08 32.4) 3. 19 37.80
Seconds H @98 668 S 9% 1BIs 142 1590 1623 1900 190 a3 a2
0 20 9 0 % 7] 2% 1 " s 9 17 2
Winutes x 1,30 1004 1555 1600 2080 22.36 2650 20.85  3.T: 3218 3558 36.85
sD 0.0 0.15 0.22  0.27 0.28 041 029  0.7) 015 0.15 0.22  0.40

9y



Table 4

APC1-CGeneraled Area Percents for 100°F Boiling-Polint
Cuts of Seven Different Process Streams

Wilsonville APCI
process Stream sample .
stream no. no. <350°F 350-450°F  450-550°F 550-650°F 650-750°F 750-850°F >B50°F
2) 7.90 N 45.44 20.13 %.13 2.30 0.42
vied n' 22 8.19 14.74 44.65 20.44 9.0} 2.49 0.46
23 8.22 15.08 44.67 20.25 8.50 2.85% 0.4
24 0.34 10.02 53.24 2.1} 10.23 2.58 0.45
T104 btm 35 25 0.9 6.66 52.2) 21.17 16.16 2.63 0.66
. 26 0.39 9.40 53.87 23.69 9.99 2.15 0.50
a 27 5.13 i3.n 57.00 4.22 0.48 0 0
¥ P71 20 28 5.1) 34.60 55.94 3.69 0.44 0 0
29 5.0} n.27 58.96 4.26 0.50 0 0
30 0 2.17 9.00 25.67 5.4 17.09 10.24
vin? 7 n 0 1.0} 9.50 31.46 36.95 12.87 8.20
32 0 110 9.56 28.5) 36.86 15.19 8.80
k] 8.94 12.69 43,08 22.09 9.56 2N 0.87
vio5 oil n k7] .19 12.92 45.22 2.0 9.34 2.24 1.36
35 9.6) 21.88 44.4) 20.75 9.23 2.28° 0.84
36 0.07 4.76 36.59 26.9) 18.64 7.63 5.39
VIIIA 29 37 0.35 4.81 35.38. 21.20 19.87 8.37 4.03
38 0.47 4.0) 38.03 28.56 17.89 6.46 1.7
39 0.34 3.20 23. 14 28.46 2. 12.13 8.62
V110 dist 3 40 0. 21 3.6 24N 29.64 23.81 11.22 7.26
41 0.18 2.89 24.46 29.317 24.2% 11.38 7.48

LY



Table S

Wilsonville-Generated Weight Percents and Sums
for 100°F Boiling-Poiat Cuts of Seven Diffe~ent Wilsonville Process Streams

62§

Milsonville APC]
process Stream sample
stream no. no. <350°F 350-450°F  450-550°F  550-650°F  650-750°F  750-850°F >B850°F Distillate type
2 3.9 13.90 44.42 23.75 10.69 2.92 0.3
viles kL 22 5.20 14.98 43.90 22.%) 10. 22 2.62 0.54 Light
23 5.16 14.98 4.72 22.8) 9.81 2.29 0.2}
] | 0.4 8.43 47.28 26.60 11. 26 4.14 1.95
T104 bim 35 25 | 0.3 5.92 48.87 27.99 12.10 3.32 0.88 Light
: 26 0.1 8.06 43. 4 27.05 1.92 2.82 0.60
7 2.35 38.58 54.43 4.59 0.04 0 0
mn 20 28 4.50 38.45 52.84 3.80 0.39 0 0 Light
29 t.98 36.2% 56.4) 5.09 0.22 0.55 0
3o -- 0.32 71.56 217. 1) 37.95 15.25 nn
AN 17 "3 -- 0.12 5.79 24.20 30.30 17.35 22.24 Heavy
32 -- 0.19 7.56 27.19 38.16 17.74 9.16
3 6.0) 12.34 42.30 24.09 10.2) 3.68 0.76
v105 ofl n kL) 4.4 11.39 45.62 25.715 10.96 N.52 0.02 Light
35 5.84 12. 14 42.23 24.06 .ol 140 .32
3% 0.04 4.09 32.93 28.52 19.65 7.09 7.68
YI3IA 29 7 - 3.29 32.16 21.95% 20.63 7.95 8.02 Heavy
38 0.0V 3. 16 32.89 29.12 19.59 5.0 1.25%
kL 0.04 2.9 20.69 27.94 25.07 15.82 1.52
“110 dist k) 40 0.01 V.99 22.86 27.47 24.15 13.5) 9.4 Heavy
41 0.02 2.13 20.68 28.07 25.%9 16. 11 1.20

S 40.65 233 .84 155.56 485. 90 41,72 147.59 96. 24

8y



9¢s

Table 6

Hybrid Response Factors (HRF) and Bulk
Response Factors (BRF) for Seven 100°F Bolling-Point Cuts

sonville

wil APC]
process Stream sample 150- 450- $50- 650- 150-
stream no. no. <350°F 450°F S50°F 650°F 150°F 850°F  >850°F
2) 0.500 ~ 0.945 0.975 1.180 1.170 1.268 0.887
HRF V164 n 22 0.635 1.016 0.983 1.132 1.132 1051 1.182
23 0.628 0.993 1.00) 1127 1.154 0.804 0.482
24 1.003 0.84) 0.688 1.150 Lo 1.607 4.22
7104 bta k1] 25 0.671 0.688 0.936 1.322 0.786 1.260 1.3
26 0.3} 0.858 0.917 1.142 1.193 1310 0. 195
27 0.458 V. 162 0.955 1.087 0.003 ~- ==
PN 20 28 0.845 nLm 0.945 1.029 0.895 -- --
29 0.195 1.159 0.957 1.195 0.44) -~ --
30 -- 0.112 0.815 1.033 1.048 0.856 1.136
vi77 7 n -- 0.117 0.592 0.756 0.795 1.308 2.630
32 - 0.164 0.1767 0.925 1.004 1133 non
N 0.672 0.973 0.982 1.091 [ ] 1.329 1. 136
V105 of) n k1 | 0.609 0.882 1.009 1.219 1.3 0.677 0.01S
35 0.607- 1.061 0.950 1. 160 1.194 1.193  0.38)
36 0.54) 0.234 0.873 1.028 1.023 0.90) ).382
VIJIA 29 kY -- 0.664 0.882. 0.997 1.007 0.921 1.91%0
Je 0.021 0.639 0.639 0.988 1.062 1353 wen
39 0.118 0.916 0.894 0.982 1.04) 1.304 0.872
V110 dist 3 A0 0.048 0.630 0.925 0.927 1.040 1.204 1,296
41 0.1 0.806 0.846 0. 956 1.055 1.416 0.69)
BRF 0.624 1.074 1.004 1.165 1.156 1.444 1.800

6V
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Table 7

Comparison of Initial and Final Boiling Point
(IBP and FBP) Determinativn at Wilsunville and APCI

Wilsonville APCI

process Stream sample 18P §°F2 FBP (°F)
stream no. no. Tisonville Wilsonviile APCI
21 156 ‘9N 838 an
Vic4 - 34 22 133 98 857 812
23 97 100 838 815
26 350 351 " 905 808
T104 dta 35 25 355 351 866 821
’ 26 380 349 867 808
27 28 268 624 667
P17 20 28 29 274 630 637
29 291 273 §34 874
30 462 324 937 901
V177 17 N 466 413 1019 87%
32 463 411 937 854
i3 67 82 866 835
Y105 oil " k7 133 117 809 873
35 117 809 866 837
36 396 353 961 903
VIIA 29 7 397 350 908 853
8 396 352 925 852
39 372 s 937 875
V110 dist 3 40 398 350 949 874

41 T 384 360 937 883

527
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Table 9

Linear Regression Analysis of APCI vs. Wilsonville

Simulated DistillaLtion by Gas Chromatography Cuts

Individual weight percents

Cumulative weight percents

Wilsonville Correlation Correlation
‘process Stream coefficient ) coefficient
stream no. ' Slope (m) Intercept (b) (r) Slope (m») Intercept (b) (r)

vies : k1) 0.986 D. w82 0.9976 0.989 0.355 0.9994

T104 bim 35 1.006 -0.074 0.992) 0.991 2.25% 0.9986

PI7Y 20 0.999 9.015 0.9994 0.995 0.67) 0.9998

vir? " 0.872 ). 808 0.93)4 0.99) 1.530 0.9865

VI05 oild n 0.98) 0.272 - 0.9866 0.982 1.316 0.9988

VI3IA 29 0.934 0.9%09 0.9869 0.987 LTI 0.9987

V110 dist 3 0.917 1.183 0.9666 0.974 1.0 0.9980

ANl streams 0.971 0.405 0.9871 0.986 ). 457 0.9970

combined

APCE vt X=axWwtX+b

2§



Table 10

t Percents

vs. Milsonville Analysis

r

Means and Standard Deviations of Cumulative Vel

tor Three Distinct Samples (rom Seven Process Streams: APC

Wilson-

450-550°F

APCH

sample
no,

process
sAream

750-850°F 150
ASTHC Wilsonvitle

650- 150°F

550-650°F

350-450°F

<350°F

S0

L

Sdh

Strean
no.

.7

ardy
Wy

N 2)-23

Vit

5.4

-
34

L 2 -]
"]
o

o~
y =
®

e
~-

60.8
$6.2

" -

- o
o~
o~
- o
o0

~ N
(X

APCL
w

3% 28-26

1104 bim

4.5

2.8

-
s

we
X
(-,

LA ]
oo
[ 3 ]

o
*n o

27-29

20

LAR)]

53

*o
-

o~
b o
©

~e
LY.

- o
-~ o~

ow
y -
-

~ -
~ -

we
-~

~—
[-R-§

-~e
-c

0.2
0

2-32  ArCH
Wy

"

wn

530

6.4

.7

*o
o~

~e
3
vo
» e
~e
R

05.8
85.%

[A) 13-3%

Y105 oil

.
36.

-
oo

wa
-~

29

INA

~ -
p -

L.

L)
2.

-
oo

[ X 4
-~

9-4

)

vi10 Jist

Sh, standard deviation.

b

‘ASTH, American Soviety for Testing ond Materials.
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Tabla 11

Cumulative Weight Percents of 100°F Distidlate Cuts of
Seven Wilsonville Proceis Streams and 3 Coal) Process Developaent Unit Sasple
‘by the Wilsonville Simulated Distillation by Gas Chromatography Method

Milsonville

process Strem .

stream wo. <350°F 3%0- 450°F 450-550°F 550-650°F  650-750°F  750-850°F  >850°F
vVI6S n S 20 65 86 96 99 100
1104 bta k 1 0 L) 6} 86 96 99 100
PI7) 20 3 a2 %. 100 |
V105 ofl n S 19 63 . 86 95 98 100
vin 7 0 | 7 k1) 69 87 97
VIJIA . 29 0 7 38 67 85 9 97
V10 dist K} 0 4 25 85 76 88 97
APCI CPDU sample 0 6

29 54 76 83 97

1A
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Table 12

Cosparison of Inftial and Final Bofling Point
(IBP and FBP) Determination by Wilsonville Simulated
Distillation by Gas Chromatography and ASTM D-2887

Wilsonville CARCI IBP (°F) FBP (°F)
process Streaa sampie “TH ~ASTH
stream no. no. D-2887 Wilsonville D-2887 Wilsonville

2) 100 156 769 838
Vigd - 3 22 97 133 765 857
23 98 97 757 838
24 370 350 774 905
T104 bta 35 25 372 355 ™ 866
26 368 360 769 867
27 301 b)) T 624
(352} 20 28 306 291 51 630
29 307 291 574 634
: 30 370 462 834 937
17?7 17 3N 390 466 824 1019
32 400 463 829 937
. 13 87 67 761 866
V105 oil n 34 137 133 762 809
35 96 97 761 866

) 36 387 396 830 961
T 29 37 39 397 826- 908
38 391 396 822 925
39 388 372 8a) 937
V110 dist 3 _ 40 389 398 828 949
PY 391 384 834 937

532
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Table 13

ASTM D-2887 Area Percent of 100°F Bolling-Point Cuts
ot Seven Different Wilsonville Process Streams

Milsoaville APCI
process Strean sample
stream no. no. <350°F 350-450°F  450-550°F 550-650°F 6€50-750°F 150-850°F

21 6 27 4 20 S )
Vi6e 34 22 6 28 4 19 ) I
23 6 29 41 18 5 )
1 24 0 25 4 0 6 )
1104 dta 36 25 0 20 50 23 6 )
26 0 24 48 2\ 6 1

27 4 62 32 2

PN 20 28 4 63 n 2

29 4 60 34 2
30 0 7 15 49 F4} 8
n ” k) 0 3 14 43 27 7
32 0 2 12 48 30 8
13 6 26 12 20 5 )
vI05 of) n 34 5 26 13 20 S )
: k13 6 25 13 20 S 1
36 0 (13 » 30. 14 4
VIIIA 29 37 0 13 7 N (L} S
38 0 13 19 30 14 4
39 0 ? 29 35 21 8
V10 dist 3 40 0 8 29 35 21 7
40 0 7 28 36 22 7

99
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Tadle 14

Means and Standard Deviations of Cumulative Welght Percents
for Three Distinct Samples from Seven Process Streams: APC] vs. Wilsonviltle Anslysis

Wilson-
ville APCl -
process Stresm  sample <250 . 350-450°% 450-550°F 530-650% 630 750°F 150-850°F 150
Stream no. 0. " 50 M 50 x S0 x D 1 0 x SO ASIN® Wilsonville
vicd N 2-2)  ASIM 60 00 300 10 150 10 0 00 90 00 100 80 ,. ,,
w a6 0 197 1.3 6.8 1) 808 08 9'O0 04 ' 9.6 02 : ’
1108 bia 3% 20-26  ASIM 00 00 220 26 7.3 12 90 00 90 00 1008 00 .. ¢,
w 0.2 0.} 7.7 1LY $6.2 WY 837 1Y %6 1.5 990 09 . :
(1} 20 21-29 ASTM 40 00 657 1.5 9.0 00 1000 0.0 s as
w 30 1) w8 24 959 06 998 02 . .
“n 1 30-32 ASIM 40 0.0 40 26 117 40 643 21 13 06 1000 090 43 g
w 0 0 0.2 0.1 .2 10 1.4 29 669 1.4 657 1.0 . :
vIoS oft N 33-35  ASIM s7 0.7 3.1) 06 740 00 M8 60 90 00 1000 00 . (.,
w s5 0.4 174 1.2 6.8 08 855 1.8 9%4 1.8 9.6 7.0 : .
VIDA 2 36-38 ASIM 0 0 5.7 L2 513 L2 817 06 %57 06 1008 00 L. e
w 0 0 .9 05 3.2 08 457 1.1 8.7 06 9.7 0.9 - -
viI0 dist 3 -4 ASTH I 7.¢ 06 350 1O 7.3 06 N7 06 1000 00 L, .o
w 0 0 24 05 238+1.0 SL?7 07 6.8 03 9.9 30 .
Totald my W)
;. acan.

hSD. stendacd devistion.

ASTH, Amrricon Soclety (or Testing and Matecloats.

LS
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Figure 1
RAstention Time va. Bolling Point for Aromatic and Aliphatic Compounds
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Figure 2

Modes of Integration and Calibration for Boiling Point Distribution

of a Wilsonvifle Recycle Solvent.
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RESPONSE
FACTOR

Figure 3
Wilsonville Conversion of Ga: Chromatograph-Retention Time
to Response Factor
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Figure 4
Boalmg Point Distribution of Wilsonville Recycle Solvent
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Figure 6

Wilsonville’s Conversion of Gas Chromatograph-Retention Time

to Boiling Point
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Figure 8

Chromatograms of V164 Process Stresm

650°F

&. Wilsonville Analysis

450°F 500°F 550°F

200°F 300°F 350°F

b. APC! Analysis

650°F

200°F 300“F 350°F 450°F 500°F 550°F
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APCI

RETENTION 1250

TIME
(RT APCI)

Figure 7
Comparison of Wilsonville and APCI Retention Times
of a \'164 Process Stream Sample
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Figure 8
Calculated Bulk Responsa Factors for 100°F Distillate Fractions for
Conversion of Gas Chromatograph Area Percent into Wilsonville Weight Percent
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Figure 9 :
Chromatogram of a Light Distillate Wilsonville Process Stream P171
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Figure 10

Chromatogram of a Heavy Distillate Wilsonville Process Stream V110
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Figure 11
APCI Boiling Point Datermination on Seven Wilsonville Process
Stream Samples

‘lZOOr

1100}

1000 §- /

900 -

700

APCI
BOILING
POINTS
(°F)

WILSONVILLE TO APCI
BOILING POINT RESULTS
THEORETICALFIT ===«

89

WILSONVILLE BOILING POINTS (°F)



95

APCI
WT %

' Figure 12
Weight Percents of 100°F Distillate Cuts of Seven Wilsonvills Process Stream
Samples; Analysis at APCI Compared to Wilsonville Analysis
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Figure 13

- Cumufative Weight Percents of 100°F Distillate Cuts; APC1 vs. Wilsonville
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Figure 14

Boiling Point Distribution of Wilsonvills Light Process Streams
and Continuous Process Development Unit Sample by
Wilsonvilie Simulatsd Distillation by Gas Chromatography
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Figure 18
Boiling Point Distribution of Wilsonville Hesvy Procen Stresms
and Continuous Process Development Unit Ssmpls bry
Wilsonwiile Simulstad Distillstion by Gas Chromatography
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Figure 16
Boiling Point Determination on Seven Wilsonville Process Streams;
ASTM D-2887 vs. Wilsonville Method
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Figure 17
ASTM Area Percent vs. Wilsonville Weight Percent of 160°F
Distillate Cuts From 21 Wilsonville Process Stream Samples
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_ Figure 18
Cumulative Distillate Cuts ASTM D-2887 vs. Wilsonville
Simulated Distillation by Gas Chromatography
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Appendix VII-B

BASIC Computer Program

WV-GCSD Calculation from APCI-CRSD Trexlertown GC Data
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G489

i0Q
110
120
130
140
150

160

176
180

190

200
210
229
230
240

250

260
279
280
290
300
310
320
330
340
350
360
370
360
390
400
410
429
430

Exhibit B-1

BASIC Computer Program:

INIT

PAGE

REM:TT RT CUT-OFFS,HV LINEAR REGRESSIONS AS IN GURRTERLY REPORTY
PRINT “"INSERT DATA TAPE AND ENTER FILE® FOR DﬂTa o |
INPUT F

DIM AC150,7)

DIN B(?)

R=0

B=9

12=0

FIND F

Ti=0

A=0

S=9

1=0

FOR 1=1 TO 150

ON EOF (0> THEHN 298

READ @33:ACI,1),A(1,2)

MEXT 1

N=1-1

FOR I=1 TO N

REM conversion of 1T RT TO WV RT INTO ACL, 7
IF ACl,1)360=)>2050 THEN 350
ACL,7)=0.96342A(1,1)%60-8,.073

GO TO 360

ACl,7)=0,.342%AC1,1)%60+1243

REHRRK DETERHINRTION OF BOILING POINTS INTO ACI,3)
IF AC1,7)=>120 THEN 400
ACl,3)=21.483AC1,7)-39.293

GO TO 440

IF ACL1,7)>=>2360 THEN 440
AC1,3)=20.3413%ACE,7)>+126.3

GO T0 440

AC1,3)20.0493A(]1,7)+893.9

LL
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Ixhibit B-1 (Continued)

440 REMARK

450 REMARK DETERMINATION OF AREAX XRF INTO A(1,4)
468 REMARK AREAZXRF FOR EACH DIST. CUT INTO BCl 70 ?7)
4°0 IF A(I,1)=>10.9 THEN 390
488 A(1,4>=A(1,2)10.624

4390 GO TO 660

308 IF A(I,1)=>16 THEN 3530
510 A(1,4)=AC1,2)11.074

320 GO TO 660

930 IF A(l,1)=>22.3 THEN 566
948 A(1,4)=AC1,2>%1.004 '
350 GO TO 660

568 IF A(l,1)=>27.2 THEN 394
570 ﬂ(l,4)=ﬁ(l,2)tl.165

580 GO T0 660

290 IF A(l1,1)=>32,2 THEN 620
600 A(I1,4)=A(1,2)%1.156

610 GO TO 660

620 IF A(1,1)=>36.3 THEN 630
630 A(1,4)=A(1,2)%].444

640 GO TO 660 -

650 ACl,4)=A(1,2)%1.8

660 REMARK

670 NEXT 1

680 REMARK SUM OF ALL AREA % % RF (%)
690 FOR I=1 TO N

700 S=S+A(l,4)

710 NEXT I

728 FOR I=1 TO N

730 ACI,5)=A(1,4)/5%100

740 NEXT 1

750 FOR I1=1 TO N

760 IF AC1,3)=)>33@0 THEN 790
770 B(1)=B(1)+A(],3)

760 GO TO 950

8L



Exhibit B-1 (Continued)

790 IF ACl,3)=>430 THEN 820
800 B(2)=B(2)+A(I,3)

818 GO TO 950

820 IF A(l,3)>=)>350 THEN 830
830 B(3)=B(3)+A(I,3)

840 GO TO 950 :
850 IF A(l,3)=)>630 THEN B8O
860 B(4)=B(4)+A([,3)

8/0 GO TO 950

800 IF ACI,3)=>750 THEN 910
898 B(3)=B(3)+A(1,3)

%98 LO TO 956

. 918 IF A(1,3)=)>850 THEN 940

LSS

928 B(6)=B(6)+A(1,3)

930 GO TO 956

940 B()=B(7)+A(1,5)

950 REN

960 NEXT 1

9°8 REMARK DETERMIHATION OF 1BP(T1),FBP(T2)(AND CUH.HEIGHT% (A(1,6))
980 A(1,6)=A(1,5)

998 FOR 1=2 TO N~

1000 AC1,6)=ACI-1,6)+ACI,3)
1010 NEXT 1

1620 FOR I=1 TO N

1030 IF A(1,6)=>0.5 THEN 1050
1040 GO TO 1070

1050 T1=A(1,3)

1060 GO TO 10680

1670 NEXT |

1680 FOR I=1 TO N

1090 IF AC1,6)=>99.3 THEN 1110
1100 GO 7O 1130

1110 72=A(1,3)

1120 GO TO 1200

1130 HEXT 1

6/
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Exhibit B-1 (Continued)

REM:DETERNINATION OF HEAVY DISTILLATE

Aan(-0.0S THEN 1190

FOR I={ 710 ?

géé)ta(l)tO.S?

REMARK CHROMATOGRAM HITH CALC. BP, HTX AND CUM. WTX PRINT OUT
PRINT "TAPENUMBER: "}

INPUT X$

PRINT "SAMPLE NUMBER : "}

INPUT C$

PRINT “DATE:"}

INPUT D$

gg}n} "APC]1 GC-SIMULATED DISTILLATION BY WV METHOD*®
PRINT

" PRINT USING 1580:"RT(MIN)>",*AREAX", "BP(F)", "HEIGHTX","CUN, NTX*

PRINT

FOR I=1 TO M

52§¥TIUSING 1570:ACT, 1),ACT42),ACT,3),ACT,3),ACT,6)
INPUT Y$

REMARK

gg?a¥ﬂ BOILING POINT DISTRIBUTION BY WV NETHOD
PAGE

PRINT "TAPENUMBER:"§X$3"  FILENUMBER:")F
PRINT "SAMPLE NUMBER:";C$

PRINY "DATE:"jD$

PRINT

gg{g; USING 1660:"DISTILLATION CUT", "HEIGHTX"
PRINT USING 1590:"  (358(F)*,B(1)

PRINT USING 1390:"338-430(F)*,B(2)

PRINT USING 1390:"450-330(F)>",B(3)

08
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1490

1500

1510
1520
1530
1540
1550
1560
1570
1580
1590
16060
1610
1620
1630
1640

PRINT
PRINT
PRINT
PRINTY
PRINT
PRINT
PRINT
PRINT

IMAGE

INAGE
INAGE
1MAGE
IMAGE

Exhibit B-1 (Continued)

USING 1598:*330-630(F)*,B(4)
USING 13590:"6508-?568¢(F)",B(3)
USING 135902 %?2350-830(F)*,B(6)
USING 1398:*  >68308(F)*,B8(?)
USING 1598:"RESIDUE "R

USING 1618:"  IBP  *,T1,"CF)*

USING 1610:"  FBP  *1T2:°CF)>*

2D.2D, 4X, 2D.2D, 4K, 4b.1D,6X,2D.20,4X,3D.20
7R, 4X, 6R, 3K, 5A, 4%, 7R, 4X. 9

16A, 6 X, 3D.2b

16RA, 4X, 1447

160, 6X, 4D, 3A

REMAR: THIS HU SIMULATION OF GC-SIM.DIST. DISCRIMINATES

REMAR:

END

BP-CUTS BY RETENTION TINE CUT OFFS.

18
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VIII. DOCUMENTATION OF GAS ANALYSIS COMPUTATION

BY THE CARLE GAS CHROMATOGRAPHY SYSTEM (GC)

(BASIC PROGRAM ON TEKTRONIX)

Summar

Analysis of gases produced during coal liquefaction generates key information
that is needed to determine product yields for material balance and process
control. Gas samples from the coa) process development unit (CPDU) and tubing

bombs are the primary samples analyzed. A Carle gas chromatographic system was

used to aha]yze coal Tiquefaction gas samples; the setup is described in Appendix
VIII-A. Appendix VIII-B documents the BASIC Computer program to calculate Carle gas
analysis. Appendix VIII-C is a user guide to enter raw GC data onto a tape.

A BASIC computer program was written to calculate the gas chromatographic peak
area results into mole percent results. This report documents the integrator
settings on the gas chromatograph, the BASIC program necessary to enter the
gas chromatographic data into the computer and the BASIC program necessary to

convert the gas chromatographic results into mole percent results.

Calculation of Results

1. Integration

The gas chromatograph generates integrated area and retention time data

for each peak detected in a chromatogram. The mode of integration depends
on the integrator settings, which allow either valley-to-valley integration
or a forced horizontal base line and no integration settings during valve

switching.

The SIGMA1S integrator settings as well as the valve switchings are shown

in Exhibit 1.
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Exhibit 1. Integrator Settings
METHOD 4
=NSLYZER CONTROL
-NJ TEmP 2S
~2% Z0Ne 1.2 53 <
QUK TENMP 23
F-od 2,8 23 9
INIY SUEN TeEMP.TIME 33 43
2RTR PROC
SV @7.5MP WT 1.9998 1.0898 @
=2CTOR,L3CALE i -2
TIMES 43.29 2.89 327,67 3J2T.8T 327.87 32T.87
SEN5-0ET RANGE 298 29 8.90 2 @ 2
JHK,AIR i.998 8.38
oL 9.4d28RA J.0%8 1.9 ]
SEF PX 28,390 37.3% 33.3¢9 33.33
STD NRME
_T RF SIINC NAME
.39 i.099 ©.3988 BACKFLUSH
9.352 1.068 331.04% HYDRQGEN
.24 1.968 $2.8089 PROPANE
3.51 i.9190 11.3909 PROPYLENE
1i.90 1.008 6%.2000 HYDROGEM SULFIDE
1i.%90 1.489 17,5980 [-BUTANE
13.52 i.000 i7.1880 N-BUTRNE
iT.29 1.9649 17.9998 [-BUTYLENE
22.31 i1.908 5.8089@ [-PENTANE
Ji.83 1.9089 6+.3284 CARBON DIOXIDE
52.3% i.2898 3.7009 ETHYLENE
3%.95 1.988 124,9534 ETHANE
2.2 1.998 3.3988 OXYGEN
56.596 1.289 292,.9952 NITROGEN
33.3% 1.8998 585.3848 METHANE
33%.31 1.399 $2.9984 CRARBON MONOXIDE
=VENT CONTROL
ATIN=-CHARRT~-DELAY 3 S a,.31
TIAE  CEUICE FLNCTION NHHE
2.31 EXT < i SRMPLE INJECT
2.29 EXT 2 =i UALUE 1 CLOSE
2.25 NC INT NI 8 START INT
2.32 X7 e 2 URLVE 2 OPEM
T.28 EAT A 3 VRLVE 5 DOPEN
23.39 NO INT NI & 37CP INT
2%.53 E&T X =2 WRLUE 2 CLOS
23.79 NO INT NI 3 STRART INT
T5.75 NO OINT NI & 5TIP INT
ST.iT ZRT A =3 GRLUE 3 CLOSE
IS5.%90 NO INT NI 2 STRAPT INT

562
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The end-of-anal:'sis time was set at 43.00 min. A1l peaks of interest
were identified by their respective retention times, which had been
determined by analyzing a standard gas mixture. The timetable at the end
of Exhibit 1 includes integration inhibition during valve switches. The

integration mode was from base line to base line.

Mole Percent Calculation

In order to determine the concentration of compounds in an unknown mixture,

the detector response of the gas chromatograph must be determined for

‘each compound of interest. The detector response is obtained by first

analyzing a mixture of compounds of known concentrations and then
calculating the ratio of mole percent to integrated area for each
compound of interest. This ratio, which is called the résponse factor,
is then multiplied by the integrated area of the respective peak in the

chromatogram of an unknown mixture to generate the mole percent results.
Response factors are determined daily by analyzing a standard gas mixture.

Mole percent results for an unknown sampie are calculated using each

day's response factors.
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BASIC Computer Program

A BASIC computer program was written to (1) calculate response factors for a

standard gas mixture and (2) calculate the mole percent results for an unknown

gas sample.

To §1low a comprehensive understanding of the steps involved in calculating
the analytical results, the program (detailed in Appendix 2) can be broken

down as follnws:

1 Initialize the program and enter sample analysis information:

NIT

MAGE 15R,2¥%, 13R,2%,6AR, 2%, 18A4,2%, 134
;HQEE lsﬂp23913ﬂozx,5R923)199;2X1159
P

RINT "RESPONSE FACTORS FOR STANDARD GAS MIXTURE® ~
REM: THIS PROGRAM CALCULATES RESPONSE FACTORS FOR THE GAS MIXTURE
REM:AND CALCULATES THE MOLEX FOR AN UNKNOWM GAS SAMPLE

Pt Pt et gt Bt gt S () ~§ 00 D 02
NUASWN—-DOODO®
DOOPOIOO®

o

-

x

PRINT EgﬂTE:'i
PRINT °TINME:"}
INPUT ES
PRINT "AMNALYST:";

248 INPUT Ds

NN = ra
WN = @D O
ODODODO®

[

x

.l

c

-

2. Locate GC data file on GC data tape for the standard gas chromatogram:

25@ PRINT "IMSERT DRTA TAPE AND ENTER FILE® FOR °*;

268 PRINT "GC DATA OF STANDARD GAS:*; ’
27@ INPUT F
280 FIND F

564
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Known concantrations of compounds in gas standard (label values):

29@ REM: MOLE% CONCENTRATION OF COMPOUNDS IN GAS STANDARD
300 DATA 1.0E-5,88.1089,8.49,0.118,08.6592,08.176,8.171,8.17
318 DATA 9.988,8.65,0.085,1.25,0.0893,2.91,5.06,0.63

4.

If these label values change, be sure to change line statements 300

, and 310 accordingly. However, be sure to keep the same order of

compounds listed in Yines 510 through 540.

Note: The first data point refers to the backflush peak, which is
assigned a concentration of 0.00001 mol %. This backflush
concentration calculates a response factor of zero for the backflush
peak in the sample analysis (see lines 420 and 440). The actual
concentration of backflush (the C6 and larger fraction in a coal
liquefaction gas sample) can be determined from the difference of

the sum of mole percents to 100.

Print heading of report page for standardized gas mixture data:

328 PRI USI 9:iJJJCOHPOUND','RET.TIHE'.'GREA','HOLE %%y "RESP.FACTOR]®

5.

Read label values for standard gas mixture (D), read the retention
time and area integration data from GC data tape, read compound
names (D3), calculate the response ‘factor (line 400), and then print

the information for each compound:
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330
340
358
368
378
380
398
499
418
429
438
440
430
460
47¢

489
490
S89
519

READ
FOR

READ
RENM:

IF AC(1,2)=8 THE

88

o

I=1 TO 16
@33:ACI,1),ARC1,42)
CﬁLCULRTIO: g;eRESPOHSE FACTOR

GO TO 488
R(I,2)=1
ECI)=DC1)/7R(1,2)

RERD

Ds

IF ECI)>>999 THEN 448
GO TO 438

E=0
REM

PRINT USING 878:D$,AC1,15,AC1,25,D(]),ECID

NEXT
DATA
DATA
DATA
DATA

1

*BACKFLUSH", "HYDROGEN", *"PROPANE ", *PROPYLENE®
*HYDROGEN SULFIDE®, " 1-BUTANE", *N~BUTANE" , * I-BUTYLENE®
*1-PENTANE", “CARBON DIOXIDE*, “ETHYLEME®, *ETHANE"
OXYGEN®, *NITROGEN®, "METHANE *, "CARBON MONOXIDE*

Note: Should any additional compounds be included in this analysis,

change the program as_fol]ows:

(1) Determine the retention time of the new compound with respect
to the order of compounds already identified.

(2) Enter the known concentration of the standard into the appropriate
location in line statements 300 and 310.

(3) Enter the compound name into the appropriate location in lines
480 to 510. Be sure to enter the name in quotes.

(4) Enter the compound name into the appropriate location in lines
830 to 860.

An example of the pé}ntout for the response factor determination

from standard gas analysis is shown in Exhibit 2.
6. Initialize that part of the program used to calculate the mole

percent concentration of specified compounds in an unknown gas

sample. Enter sample information:
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Exhibit 2. Printout of Response Factor Determination

RESPONSE FACTORS FOR STANDARD GAS MIXTURE

DATE:8~135-82

TINME: 18anm

ANALYST: isk

INSERT DARTA TAPE AND ENTER FILES® FOR GC DATA OF STANDARRD GAS:36

COMPGOUND RET.TINE AREA MOLE X RESP.FACTOR
BACKFLUSH 0.80 1,000 0.809 8.088
HYDROGEN 6.47 83.597 88.189 1.034
PROPANE 8.135 9.845 8.498 0.884
PROPYLENE 9.41 1.313 8.118 8.0898
HYDROGEN SULFIDE 18.95 3.867 8.692 8.226
1-BUTANE 11.79 2.204 8.176 e.088
I-BUTYLENE 17.39 2.990 8.179 8.081
I-PENTANE 22.74 1.176 8.0888 8.875
CARRBOM DIOXIDE 31.67 4.822 0.6358 8.162
ETHYLENE 32.97 8.396 8.885 8.143
ETHANE 34.14 9.759 1.250 8.128
OXYGEN 35.41 2.2353 9.0893 8.041
NITROGEN 36.53 28,243 2.918 8.144
METHANE 38.38 28.791 $.068 8.176
CARBON MONOXIDE 39.82 S.267 8.630 8.128
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520 REM:THIS PORTIOM OF THE PROGRAM CALCULATES MOLEX FOR AN UNKNOWM GAS
538 INPUT X$

548 PAGE

358 PRINT "ANALYSIS DATE AND TINE:";

568 INPUT Gs$

578 PRINT "SAMPLE NAME, SAMPLING DATE,SAMPLING TIME:*;
588 INPUT 18

598 PRINT “"AMALYSIS REQUESTED BY:*®;

588 INPUT Hs

5§10 PRINT °“SAMPLED BY:";

528 INPUT Js

638 PRINT "GC AMNALYST: "}

548 INPUT K$

558 PRINT °*DATA TAPE NAME:";

568 INPUT LS

§gg ?zgn; "INSERT DATA TAPE AND ENTER FILES® OF SAMPLE’S GC DATA:°;
-]

398 PRIMT 'CHGRGE MUMBER: "3

’?80 INPUT WS

718 PRINT "FOR AMALYS1S REPORT PRESS RETURN®

720 INPUT Y$

738 PAGE

7. Set up report page for gas analysis of the hydrocarbon sample:

748 PRINT “GASANALYSIS OF HYDROCARBON GAS MIXTUREJJ®
7S@ PRINT "SAMPLE DESCRIPTION:J"}IS
760 PRINT “SAMPLED BY:";J$
778 PRINT "ANALYSIS REQUESTED BY:"jHS$
788 PRINT "CHARGE NUMBER: "]N$
7?98 PRINT "ANALYSIS DATE:"jG$
RS N —
!
828 PRINT USING 18:°CONMPOUND®,*RET. TINE®, RREQ' *RESP.FACT. ", *MOLE %.J
838 DATA °"BACKFLUSH®, 'HYDROGEH' 'PROPRHE'.'PROPYLEHE' .
848 DATA “"HYDROGEN SULFIDE' 'I-BUTQHE','N-BUTRNE‘ *1-BUTYLENME
850 DATA "1-PENTANE", 'CQRBON DIOXIDE", "ETHYLENE®, 'ETHGHE'
868 DATA °“OXYGEN", 'NITROGEN' 'HETHGNE'i'CRRBON HONOXIDE'
878 IMAGE 16A,4X,2D 2D, 6X%,2D.3D,4%,20.20,9%,20.3D
880 IMAGE 16A,4X,2D.2D,5X, 3D.3D,SX,2D.3D,3X,2D.2D
898 IMARGE 46X,5ﬂs23 3D.2D, 2%

Bwe
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8. Read GC data for the unknown gas sample from the GC data tape.
Calculate the mole percent concentration for the specified peaks,

print results, calculate the sum (M) of the mole percent results,

and print:

988 FIND K
330 Red 1353T3<}61> BCI,2)
3%3 SE:? ancULntxoh F’n LEZ FROM AREA USING RF(E)
940 LCI>=B(1,2)3ECI)
958 Rssgtgs
3?8 gaxnr USING 888:D$,B¢I,1),B¢1,2),ECI),LLD)
88 NEXT I
399 PRINT USING 898:°JSuM:”*,M
1888 RESTORE
1818 COPY

An example of a CPOU gas sample analysis is shown in Exhibit 3.

. Note: The program used to enter GC data onto a GC data tape is reproduced
below. A description of how to use this program is detailed in the
documentation for the Wilsonville simulated distillation by gas

chromatography program. The user guide for thﬁs program is attached in

Appendix 3.

1 PRINT “"RT(MIN)®, "AREAX"

2 ON EQF (8> THEN 18

3 READ @33:X,Y

4 PRINT X,Y

S GO To 2

10 PRINT "EOF"

38 PRINT "FILE NUMBER:";

31 INPUT F

32 FIND F -

33 PRINT "APPROX.# OF PEAKS:";
34 INPUT P

35 MARK 1,P39118

36 FIND F

498 PRINT 'ENTER RT(MIN), AREA%"
41 INPUT X,

42 WRITE 933 XY

43 G0 TO 480 ‘
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Exhibit 3. Printout of Gas Analysis Result from a CPDU Gas Sample

GASANALYSIS OF HYDROCARBOMN GAS MIXTURE

SAMPLE DESCRIPTION: ‘
| HCLS8-123 8-19-82 21:10
SAMPLED BY:JRR

ANALYSIS REGUESTED BY:D.HOOUER
CHARGE NUMBER:87-7-3803.10
ANALYSIS DATE:8-16-82

GC ANALYST: ISK

DATA TAPE AND FILE NUMBER:JRO1,37

COMPOUND RET.TIME AREA RESP.FACT. MOLE X%
BACKFLUSH 3.32 18.492 8.0080 8.80
HYDROGEN 6.46 82.89S3 1.054 87.37
PROPANE 8.13 7.965 8.0884 8.67
PROPYLENE - 9.40 8.736 8.098 8.87
HYDROGEN SULFIDE 16.93 4.767 8.226 1.08
I-BUTANE 11.77 1.843 8.0888 8.88
N-BUTANE 13.39 3.196 8.081 8.26
I-BUTYLENE 12.27 8.09€64 8.081 8.81
J-PENTANE 22.71 8.881 8.87S 8.86
CARBON DIOXIDE 31.61 3.568 8.162 8,38
ETHYLENE 32.89 8.262 - 8.143 8.84
ETHANE 34.086 11.259 8.128 1.44
OXYGEN 35.41 2.467 8.041 8.10
NITROGEN 36.51 i17.482 B.144 2.58
METHANE 38.38 21.381 8.176 3.76
CARBON MOMOXIDE 49.85 2.836 8.128 8.34

SUN: 98.34 .
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Appendix VIII-A

Gas Analysis Using Carle GC
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Performance of thé Carle GC

Introduction

Our objective was to assemble the Model 111 Carle GC and run samples of carrier
gas, pure gases, and a standard gas mixture. ResultS desired wére retention
times and response factors for the 14 known compounds in the standard gas -
mixture, reproducibility, and standard deviation of the results. The retention
time of a compound identifies that compound by eluting at a specific time.
Response factors for a given compound, which are é function of the detector
response for a given quantity of that compound, are determined by dividing the

known concentration of a component by its peak area.

Procedure

A1l gases in this study were handled as stated in the samp1é loading section
of the Procedure for Gas Sample Analysis (see Exhibit A-1). Each gas was
analyzed in triplicate using an attenuation of 1 and chart speed of 0.5 cm/min.
The flow rates, analysis temperature, valve timings, and other parameters were
set according to Carle's specifications(see Figure A-1). Gases used jn thﬁs
study were ﬁelium, hydrogen, nitrogen, zero-grade air, and a standard gas

mixture (Table A-1).

_Ultra Pure Carrier Helium (UPC Grade) was the carrier used. Analysis of the
helium carrier identified the detector response due to background or valve
switchings and established the base line. This ¢hromatogram is shown in

Figure A-2,
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Zero-grade hydrogen, nitrogen (house bleed-off from the 1iquid nitrogen),
and zero-grade air were chromatographed to determine the retention times
of H2, NZ’ and 02. The chromatogrgms (Figures A-2 and A-3) show that

the valve-switching sequence of the Carle GC does not cause any of these
peaks to sp]ft. Reproducibility of the triplicate analysis was calculated

as the standard deviation and is listed in Table A-1.

The standard gas mixture, used in the High Bay for calibrating the
on-line GC, was analyzed next; Table A-2 lists the composition. The
resulting chromatogram is shown in Figure A-4. Compounds were identified
by their retention times using the Carle chromatogram (see Figure A-5).
Differences in retention times between similar peaks are due to dif-

ferences in flow rates.

Table A-2 and Figure A-6 compare the retention times of standard com-
pounds from our chromatogram with the retention times generated by the
manufacturer. The retention times are comparable, except for those for
isopentane and isobutylene, which may be due to a leak in the internal

plumbing; this will be investigated further.

Table A-2 identifies background peaks that are due to valve switching.
It is up to the discretion of the operator using this table to subtract

background peaks that are overlapped by identified peaks.

The response factors were determined by calculating the ratio of concen-
tration to the area counts obtained by electronic integration from the

chromatogram in Figure A-4:
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response factor = mo] percent

area counts

Table A-21lists typical response factors for the 14 compounds in the standard

gas mixture. These response factors have been normalized for methane.

Exhibit A-1 shows an excerpt from the ‘SIGMA15 integrator operating manual,
which is a summary of operating conversations necessary to build an integrator

method.

Conclusion

The retention times of hydrogen, nitrogen, and oxygen compared to within #0.5
min of their retention times in the standard gas mixture. Also, the retention
times of the known compounds in the standard gas mixture compared to within
20.5 min of the retention times of those compounds shown in the Carle
chromatogram, except for isopentane and isobutylene. The reproducibility of
the retention times was established in triplicate. This lends credibility to
the identification of the standard gas peaks and shows that the systam works

correctly.

Because of day-to-day differences in the gas chromatographic system, the

standard gas mixture must be an daily, once in the morning before any unknowns
have been run and again in the evening after all other runs have been completed.
The results from the standard gas mixture will be used to determine the retention

times and the response factors for that day, which are then to be used to

identify and quantify compounds in a process stream gas sample.

*Known concentration is provided with standard gas mixture cylinder.
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Table A-1

Reproducibility of Retention Times

of Hydrogen, Nitrogen, and Oxygen

Mean Standard
Deviation
Hydrogen 6.93 0.0000 *
Nitrogen 36.33 0.0153
Oxygen 35. M 0.0100

* Triplicate samples
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Background
Hydrogen

(V1) noise*
Propane
Acetylene
Propylene
Hydrogen sulfide
Isobutane
Propadiene
N-Butane

Butene
Isobutylene
N-trans-Butene-2
cis-Butene-2
1,3-Butadiene
Isopentane
N-Pentane
Background

(V2) noise*
Carbon dioxide
Ethylene

Ethane

Oxygen

Nitrogen
Methane

Carbon monoxide

Peak
#

N w L -] w N

1 Determined by Carle

w N

*  Valve closing

Detgrmined at ICRC

Normalized to methane

Retention Times and Response Factors of

99

Table A-2

Standard Gas Mixture Using Carle GC

Retention
Time
1

urwn

a—t
wand
U"U‘dOOU‘U‘\INOU‘O

N
N
NN
oo

Retention
Time
2

2.60
6.43
7.16
8.06

9.31

11.64

13.21

17.06

577

Integrate
Area
Counts

.2773
.0675
.0653
. 4999

L1

.2203

L2176

0.1979

o o OO =

o

.1216
. 2225
. 2848
.5912
. 2243
. 4422
.2470
L1213
.0275
.4973

OWNO—- OO0 O o

Known
Conc.
Mole %

88.109

0.490

0.118

0.176

0.1
0.170

Response
Factor
3

.86

.533

.627

.475

.473

.505

o o o o o -

0.412

.707
275
.542
.229
.822
.000
.805

Q- O0ODO0OO00
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Figure A-1 Flow Diagram of GC and Carle's Specifications
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detector response

detector response

Figure A-2
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Chromatégrams of Helium and Hydrogen
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'Figure A-3 Chromatograms of Nitrogen and Air
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detector response

Figure A-4 Chromatogram of Standard Gas Sample
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Figure A-5 Chromatogram from Carle
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Figure A-6 Comparison of Retention Times of Compounds in

Carle's Chrématogram and ICRC's Chromatogram
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Exhibit A-1. SIGMA15 Integrator Operating

Conversations and Directives

LEGEND

Poeh duttons., wmm and 10rs Printed out en
the Prinser / Plotter;

Ladaled push bduttons d . @. E
Onladeled push duttons -
Display panel indicac:ions - R ERe; TR

Print-ocuc, Primter/Plotter = NI JTMP, PLOW A,D, DL
Gser entry, Princec/Ploctter - 1 NYOROCAABON RXUN, SANPLD !

Entres 10 be made Dy user from keydeard:

(550 )
[ ]

LRRCRS

gt TS .5 displayed. push [E=nic=], chen enter esereet
valoe and push (&5

Operating Conversations

| SETTING SYSTEM CLOCK

L Q. “
Use for
Initial ) 0 : 28.7 0/ 0/ 0 (System prints out current clock
ceading.)
Startup

[3] 1f£ ecloex setting OK:

(3a] 22 bour and minutes not OK, but month, day, year OK:

(howr) =] (--—-) =) G

[30] 1f moneh, day, or year not OK:

() B (i) (B (vme)  ED (o) ) D

2 SETTING MAXIMUM OVEN TEMPERATURE

Mo Oufanis Presom Mas.
D == () B BET (T 3
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Operating Conversations (Cont'd)

3 METHOD GENERATION
-(A) ANALYZER CONTROL

.:lo Onfouid

—”@ -GEN (=)

1w 183

{

| ANALYZER CONTROL

s
I e ree (i) =
18 » 480
[}

3
| oErzowe 13 (Bmerdnt) B (1.

/

\

38 w» ¢80 2% w 40
3
Aux TEMP ($a,2er) g
B w0 Note:

Y ] 'Y won't light.
» ”e _ ,
INIT OVEN TEMP, TIME (FRIOX) (Fa2! aa)
100 w» 438 o w000
TEMP RATE TIME
| We Dutaun "
(P ve) (R Sras) (T aw) (oo
\ 08 w0 430 0.1 0.0 ots 000

\ [Repeat TEMP, RATE, TIME entries as required.)
\

-2
/

End time max = maximum allowable data end time in

E MAX 00X XX ; »
, B TIME Data Processing section.

3 METHOD GENERATION
(8) DATA PROCESSING
« DATA PROC

stoowr, s wr (bmar) B (UN) [ (P o)

gimgl‘: :5:?2:.‘: %1 rll. Di'P°- 0 [} s‘v'. "...(
sition Code l = Delete I

[]
FACTOR. SCALE (Emvyie?) [EED (RESltca)

1w 10,000 @t wes

585

4 ' Valve settings on "Read-a-Flow® units
rrow A3 (DemShe,) EED (DN Sema must be entered or °"Ready” indicator
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Operating Conversations (Cont'd)

3 METHCD GENERATION

(8) DATA PROCESSING (Csnrg)

13 w7 ] 327,81 327.47 137. 67
—2p ies C(lpae ) EF () BRI EF (D) BE S EE
0w 1.7 0t DBT O5T w DT P3P » ORT n’-m/
e — == =™ TDET = pata End Tize -
7 (pmrde) DST = Data Start Time
PoP w ORT PBP o Previous Porced Base Point Tine
"» L] ] 2 [}
M (5'.. -,) ]O'!‘ (“.- -,) m (=uv-y) @ (Cm) E (lﬂﬂ ) @
1w 1023 120 0w 108, 08 [ W | ’ Swe
‘
i 0 = Drav B.L. to next valley
(i) _ [2;::%:;6;":’5& 1 » Project 9.L. hozisontally
S 2 = Drav 3.L. to next base poin:
(Y- ] Q
oNk, AIR (femely) (G (L)
¢ w 23,07 010 337,07
[ ] [N LM ]
0L () B (Frme) ) (Faormee) i
[ X 0w 33,787 [ X B N ]
1000, 000

Mr o () B (e B (L) B (R &0

(P ¥ 8., T »w DBT &S » BT A% » AF%
RPS o Ref. Px. Stare ?uo]
e B RPE = Raf. Px. End Tiae
SIRBME (Ot
» caaremare
a2 .3 4 ol i BAME
1 [} e Name
(L) @B (=) B Eommr) B ()
0w 327,67 o ®» 33, T € = 0000, SO0 3 esaresmre

\ (Repeat RT, P, CONC, HAME op::i;- as required.]

- ==

® Data end time must be equal to Or less than total run time required for
tesperature program designated in Analyzer Contrzol Section, above.
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Cperating Conversations (Cont'd)

3 METHOD GENERATION
(C) EVENT CONTROL

\
—> EVENT CONTROL

?_.._-EA&’;M (_-) = (.__ ) E= (%:’..)._E_E_

{ ?— n) E : CIART C. (l-u. -r-) : (M) E ~ -
A . .. Be Logons :

( ::..)E'-:éa..._-w.(cz- T (Ine) &= :

0 = Nultiplexer t

| 1z ) B E =X (l-- o) B ('ﬂ—")‘- Cage D"‘“{ 27 o Boe Wire Polar:cy |
3 ~

LY N twe? 2l %o 26 * Relays 2

== ..>-t:w( )@ (=) = AR

' / 0w 337,07 9 cassuswre
Py - vl *s(simple: 1 Pastasteer
2T ) B :: momy, () B () @ (TG, [ RmaT]
0w 327,07 (%X} » earansre
A / pod De No. s 4
Cowm, f-— - L —— l-u—v cector « 48 cumEyY ently.
( e, l&) @ Z-u_°_- (u ) @ ( ) E gas no effect on open:icn.
ow izt e 13 2 cmresare
e Dutantt .. [} %o Datanst
(025 aa) 2 ESB‘S s Aais,mc (i ):(..n ) B R (el ) B
oo:l‘l ” 1 w1 X X ) 0w 8,1.3
e Lagens . 108,00
l () B0 »
8 wareswre 0 » Draw B.L. to next valley
[::::ié::e;'é:&l {1 e Project B.L. horizortally ]
L? =L 2 = Drav B.L. to next dase po.nc .

*lester Or symbol above Device push bution represents equivalens key on suziliary key=zcarcs.

*echange in WIDTE must De entered when NO INT is in effect S0 System is on baselire.
Otnerwise, WIDTHE may not change.

evegnesy ©f WIDTE 1 for a time of 0.00 results in data collection at the maxizum raze
throughout a8 run. Automatic rate teductions tO Siower, OpPtiBum rates at apprIpriace
intervals are suspended.

“Cranges 20 A and B cccur wnen NO INT is in effect O System is on bdaseline.
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Operating Conversations (Cont'd)

4 LINKING PRINTER/PLOTTER TO ANALYZER OR INSTRUMENT

—  ezecazessees Current linkage ® 0 if Printer/Ploccer!
"-% 2] SeL SIS [ is not linked. . j
2 12 link oOK:

{3] 2¢f plotter is linked to another device, Push space bar and
answer Questions displayed?

1l = peak crest times only (default)
2 = {ntegration marks only
3

0 » {ncegration marks, peak crest times
Mode Cod
® no integration 2arks, NO Peak cCrest tizes

~

To return to print mode (break link between Plotter and Analyzer
ot Instrument:
&=

*To change link from Analyzer to Instrument, enter 0 for Analyzer .
nuaber.

S POSITIONING PRINTER/PLOTTER BASELINE

1 @O
{2] 3£ baseline location displayed (as percent of full scale)
is OX: i:ii

{3] 1f baseline location Aisplayed is
not CK: :
Currom Voins

3 .E‘._."..‘:.'u..) =

= 6 SETUP PROCEDURE

- ED
) EEE () B

{3] 1f Analyzer No. entered is )l or 2, go to step 4a. .If O,
go to step 4b. '
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Operating Conversations (Cont'd)

6 SETUP PROCEDURE (contv)

no Mo Datauid
(ea) ZTE (Jve) B —> ) = () G5
lul 1 X
Mo Detawit
— (8] TS (Mewesne) (571
1y S
° ! .
D ' 0 = ghort repere
.; (6] oo i:‘:-:) @ (Mode code 1 = lon‘q‘g.poz: ]
[7] LT (Not requested when Analyzer no. is 0. Push E

if no other detec:zor is to be used: othervise, enter
next detector no., then repeat steps 5 and 6.)

8 HC Y TXOHI “-""‘ 1! (Samse @) {OMXA) ] le no. i{s run no. in report)
—> (8] '-;(u..,.); (sample n pozz]

luiﬂ“ ,
i
! .
> ') == (:‘;“"“) | - [Printer Wo. 1 = Printer/Plotter)
|
[10] L T appears unless Analyzer is at flows and tempezatures

required by method, all specified detectors and any external
devices are “rteady”. When all conditions required by Method
are established at Annly:o:..-"-ﬂﬂ goes out and Analyzer
tamperatures stabilize 2 ainutes. Then [f==] at Analyzer
lightes.

L1] Inject sample, push (=)

(13) when analysis end time occurs cepeat steps 10 through 12
to run another sample by the same Metnod.

3tep 9 cmitted if Printer/Plotter is only terminal on Systes.

ATTENUATION VALUES

Value Entered Atsenuation Value Enctered Atsenuation
-4 X1l6°* 4 16
-3 ) X 8¢ S 32
-2 X 4° 6 64
-1 X 2* 7 128
0 1 a 256
1 2 9 $12
2 4 10 102¢
3 8 l 11 2048

*Expansion faczor
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Operating Conversations (Cant'd)

7 CALIBRATZ CONVERSATION

Ne Dedauis

G 2AL ‘rave) (“"::"“') & (=) g

{2] Ron e (e ma) )

9,1
[ 0 » calculate response fac=ors, |
gepoce, do not change
Modify Code stored Method
1l = calculate tesponse factocs,

L sodify stored Method

[ Run no. is used to calculate average response )
factors based on curfent and previous tuns
i of standard sample. J
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SIGMA 15 PROCEDURE FOR GAS SAMPLE ANALYSIS

This procedure is used to process unknown samples.

[___1 represents actual keys on Sigma 15 keyboard.

i T 7 7 represents messages given on Sigma 15 console.

A. Pre=Run

1.

HowWwnN

Flow rates are taken daily by J. Rabe.

Check gas pressure; nitrogen should be 60-65 psi.
To 1ist method to be used, press key, method @, and iEnterl

To get system ready to run:

[Instrument] [Enter]
Bethed B

IMode. O
lgsmaléllﬁj[ﬂymberib [Enter] NAME]© [Ented

|PTR REQD! [

Note: After setup is completed and entered, then green ready

-1ight on instrument labeled "Interface 3" should come on.

3 Check which method (1-255) is appropriate for your specific
analysis.

b 4-3000.

¢ Up to 38 characters.
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Sample Loading

The sample should be contained under pressure in a gas sample cylinger
mounted on the ring stand provided. Connect the sample cylinder with an
appropriate Swagelock connector (provided) to the stainless steel tubing,
which runs to the sample loop. After the cylinder is connected, place
the copper tubing that comes from the VENT.(out1et side) of the sample
106p into a beaker with mineral oil to detect flow. Slowly open the
outlet valve on the sample cylinder to bleed sample through the loop.

The loop can hold 15 ml, and 40 bubbles should be bled through the loop
for a sufficient sample size. C(Close the sample valve, remove copper
tubing from the mineral o0il, and press the green ready button on the

instrument labeled "Interface 3" to start the run.

Run
Check pressures to make sure they are constant; nitrogen should be 60-65
psi.
To communicate with the Sigma 15 console:
1. Eﬂ displays the actual attenuation.
2. |Display Actual] {Instrument] |[Entery displays the actual run

time.

3. |Print Actual| prints the current run time and attenuation on

chromatogram in progress.
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Short Tips

- To list a method, press [E , method , and

= Tick marks are available for peak crest times and integration times. See
Appendix 2, p. A2-3, for further detaﬂ_s.

- To get rid of PTR REQD when generating a method, press [INSTRUMENT]
E Also, to get Interface 3 out of the ready mode, press ‘
INSTRUMENT] (3] [Enter] ; these two actions to remove Interface 3 from the
ready mode actually break the linkage between the printer/plotter and the
interface.

- LZBNE_T_} message (for an explanation, see Jeff Rabe).

Delete and Modify Tips

The following tips are to be used with extreme caution. Delete only those
methods that you, the user, have benerated. )

- To detele a method, press , method , and

- o modify a method, press , method [number] , and ; as the

method is printed press either |accept sectionl if the entire section is

acceptable, or if changes are needed throughout a section.

Follow the Method Generation Procedures in Appendix 2.'
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Trouble-Shooting

1.

Noisy Base Line
Things to check:
= Check helium and nitrogen pressures.
= Check to make sure that the tubing used to connect the X or Y
outlets to the bubbler is disconnected.

= If these things don't work, consult Jeff Rabe.

Strange Chromatogram
If the chromatogram peaks or base line characteristics are not whay you
anticipated, allow the GC to ge through all valve switches and complete

the entire run. Prematurely stopping a run will cause problems in the

GC.

If the nitrogen pressure drops noticeably below 60 psi, immediately

notify staging of the problem and determine the status of house nitrogen.

N
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Appendix VIII-B

BASIC Computer Program to Calculate Carle Gas Analysis
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Exhibit B-1

BASIC Computer Program

1 INIT
9 IMAGE 19A,2X,13A,2X,6A,2X, 18R, 2X, 13A

10 1
70 P

ESEE 16Ay2X, 13Ry 2K, 6A, 2Ky 18R, 2X,y 1 3A

86 PRINT "RESPONSE FACTORS FOR STANDARD GAS MIXTURE®

100
110.
120
130
140
150
160
170
j6o
190
280
210
220
230
240
250
260
270
280
290
Jae

- 310

320
330
346
3506
360
370
300

REM: THIS PROGRAM CALCULATES RESPONSE FACTORS FOR THE GRS MIXTURE
REM:AND CALCULATES THE MOLEX FOR AN UNKNOWM GAS SANPLE
DIM D(16)

DIN EC16)

DIM B(1642)

DIMN AC(16,2)

DIM L(16)

M=0

£=0 '

PRINT “"DATE:*}

INPUT C$

PRINT °“TIME:"}

INPUT ES$

PRINT “ANALYST:"}

INPUT D$

PRINT "INSERT DATA TAPE AND ENTER FILEW FOR °*j

PRINT "GC DATA OF STAHDARD GAS:*}

INPUT F

FIND F

REM: MOLE”Z CONCENHTRATICN OF COMPOUNDS IN GAS STANDARD
DATA 1.0E-5,88.109,60,49,0.118,0.692,0.176,6.171,0.17
Dﬂ‘“ eo 098'00 65’0. 085. ‘..25.0. 093' 2. 9"5.06'0.63
Sgabugl 9:*.J)JCOMPOUND" 4 "RET.TINE", "AREA"; "MOLE %", "RESP.FACTOR,|"
FOR I=1 TO 16

READ @€33:AC1,1),A(1,2)

REM: CALCULATION OF RESPONSE FACTOR

IF AC1,2)=20 THEN 390

GO TC 460
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390
400
410
420
430
440
450
460
470
480
490
508
510
520
530
540
356
560
570

580

590
600
610
620
636
640
650
660
670
680
690
700
710
720
730

Exhibit B-1 (Continued)

0(1.2)‘1

ECDH=D(])7A(1,2)

READ D$

IF EC1)>999 THEN 440

GO TO 430

E=0

REM

52§¥TlUSING 870:08,AC1,1),A(1,2),DC1),ECI)

DATA "BACKFLUSH", "HYDROGEN®, "PROPANE", "PROPYLENE"
DATA "HYDROGEN SULFIDE","]1-BUTANE", "N-BUTANE", *1-BUTYLENE"
DATA "I-PENTANE", "CARBON DIOXIDE", *ETHYLENE", "ETHANE"
DATA "OXYGEN",; "NITROGEN", "METHANE®, "CARBON MONOXIDE®

REM: THIS PORTION OF THE PROGRRH CRLCULRIES MOLEX FOR AN UHKHOHWN GAS
INPUT X$

PAGE

PRINT "ANALYSIS DATE AHD TIME:"}

INPUT G$ - . '

?ngn} ;iﬂHPLE HAME, SANPLING DATE,SAMPLING TIME: "}

PRINT °"ANALYSIS REQUESTED BY"!

INPUT H$

PRINT "SANPLED BY: "}

INPUT J$

PRINT °GC ANALYST:"j

INPUT K$

?5;3; CDQTR TAPE NAME: "}

’?553} ;INSERT DATA TAPE AND ENTER FILE® OF SAMPLE’S GC DATA:°®)
PRINT “CHARGE NUMBER:"}

INPUT N$

PRINT "FOR ANALYSIS REPORT PRESS RETURN"

;2221 Y$ .
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Exhibit B-1 (Continued)

740 PRINT "GASANALYSIS OF HYDROCARBON GAS MIXTUREJJ®

758 PRINT "SANPLE DESCRIPTION: J*j1#

768 PRINT "SAMPLED BY:"jJ$

770 PRINT °ANALYSIS REQUESTED BY:"jH$

780 PRINT "CHARGE NUMBER: "jN$

798 PRINT "ANALYSIS DATE:"}G$

808 PRINT "GC ANALYST: *jK$

818 PRINT "DATA TAPE AND FILE MUMBER:"3L$3","§Kj"J."

820 PRINT USING 18:*COMPOUND®,"RET.TIME®, "AREA®, "RESP.FACT. ", "MOLE )" -
838 DATA °BACKFLUSH", "HYDROGEN®, "PROPANE® , "PROPYLENE®

848 DATA "HYDROGEN SULFIDE®, *I-BUTANE", "N-BUTANE®, * [-BUTYLENE®
858 DATA *I-PENTANE", "CARBON DIOX!DE':'ETHYLEME'.'ETHRNE'
860 DATA *OXYGEN",*NI1TROGEN", "NETHANE® , "CARBON NONOXIDE®
878 IMAGE 16A, 4%y 2D. 2D, 6X, 2D. 3D, 4X, 2D 3D, 9X, 2D. 3

880 IMAGE 16R,4X,2D. 2Dy 5K, 3D. 3D, 5X, 2D. 3D, 5X, 20.2D

898 IMAGE 46X,5R,2X,3D. 2D, 2X

908 FIND K

918 FOR 121 TO 16

928 READ ©33:B¢1,1),8(1,2)

938 REM: CALCULATION OF MOLE% FROM AREA USING RF(E)

948 L(1)=B(1,2)$EC])

958 READ D$ ,

968 M=L(1)+M

970 PRINT USING 888:D$,B(I,1),BC(1,2),ECI),L(1)

980 NEXT |

998 PRINT USIHG 890: " JSUM: "M

1000 RESTORE

1018 COPY
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Appendix VIII-C

User Guide to Enter Raw GC Data onto a
GC Data Tape Prior to Data Analysis
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. - Enter GC Data onto GC Data Tape

This program is listed inExhibit C-1.To enter GC data into the computer

and store them in a designated data file on a GC data tape, follow these

steps:

Step 1. Load the program into the computer
a) Insert program tape.
b) ?IN 4 (file #4 contains the program listed in
| Exhibit A).
c) O loads program from file into computer.

d) Eject program tape.

Step 2. List last data entered from GC data tape:

a) Insert GC data tape.

b) TLIST will 1ist all data files used on the GC
data tape. The files will be labeled as "binary data".
The file labeled "last" will be used for new data. For
example, if 92 GC data files are used, the new data will
be entered into file #93.

c) FIN 92 RUN [return] will 1ist the previously
;ntered GC data in file #92 and position the tape reader

at the beginning of file #33. An example is shown in

Exhibit C-2.
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Exhibit C-1 pata Is Entered onto Magnetic Tape

1 PRINT °"RT(MIN)", "AREAX"
2 ON EOF ¢8) THEN 19

3
4
S
i8
30
31

READ €33:X,Y
PRINT X,Y
GO 70 2

PRINT "EOF"

PRINT *FILE NUHBER")

INPUT F

FIND F

PRINT "APPROX.8# OF PEAKS:"j
INPUT P

MARK 1,Px9%180

FIND F

PRINT "ENTER RT(HIN):QREQ&'
INPUT X,Y

WRITE @33:X,Y

GO TO 48

Exhibit C-2 Listing of Last GC Data. Entered

FIN92

RUN ,

RT(MIND AREAX
3.34 9.1372
6.44 . 81.9633
7.98 8.8297
9.15 8.4287
18.63 2.8636
11.5S 1.8232
13.12 3.0823
16.82 8.857
22.26 8.525?
31.45 3.2995
32.76 8.2118
33.95 12.0864
35.41 2.1787
36.48 4.2337
38.36 26.5126
39.69 2.92099

EOF

FILE NUMBER:
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Step 4

124

Format new file for numbers of peaks from the chromatogram and.

enter data:

a)

b)

<)

b)

Note:

93 16 which will format file #93 for 16

data pairs.

The screen will show ENTER RT(MIN), AREA %. Enter the GC
data and press return after each entry. .

Note: be sure to enter the 16 identified compound-peak
data pairs in the correct order and always include a data
point for the backflush peak at the beginning.

After last data is entered, press break twice, then type
CLOSE The screen will show

PROGRAM ABORTED IN LINE 41

CLOSE. An example is shown in Exhibit C-3.

Relist the ju’st.-enfered data by typing FIN 48

RUN This step is only for proofreading the data
entry and is not needed in order to execute the program,
After listing, the next file is readied for the subsequent
set of data.

If Step 4a is bypassed, enter the next data set by typing

RUN return.

When a brand new GC data tape is used, follow this
procedure:’

1. Inserl the new GC data tape.

2. Press rewind.

3. Type RUN 33

4. Enter the approximate number of peaks.
5

Proceed from step 3b.
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Exhibit C-3 Entry of GC Data Into File #48

FILE MUMBER:93
APPROX.® OF PEAKS:!6
ENTER RTC(MIND, AREAZ
3.34

9,1372

ENTER RTCMIN),AREAZ
6.44

81.9635S
EHTER RTCMIN), AREA%
8.8297
ENIER RTCMIND , AREA%

. 4287 .
ENTER RT(NINM),AREARZ
18.63

2.0636

ENTER RT(MIN),AREAX
11,33

1,8232

ENTER RT(MIN),ARERX
13.12

3.0823

ENTER RT(MIN),ARER%
16.82 |
«0837

ENTER RT(MIN),RREARX
22.26

. 3257 _
ENTER RTC(MIN),ARERX
31.43 .
3.299S

ENMTER RT(MIN),AREAX
32.76

.2118

ENTER RT(MIN),AREAR%

12,624
ENTER RT(MIN),ARER%

3%, 41

211787 ,

ENTER RT(MINY,AREA%

36.38

4.233?

ENTER RTCMIN),AREA%

38.36

26.5126

ENTER RTCMIND, AREA%Z

39.69 :

2.9289

ENTER RTCAIN),AREAX

PROGRAM ABORTED IN LINE 41
CLOSE
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IX. DOCUMENTATION OF THE AUTOMATED SEQUENTIAL EXTRACTION (ASE) PROCEDURE

SUMMARY

ICRC has employed several analytical workup procedures to determine
the amount of distillate, oils. asphaltenes, preasphaltenes, and residue
in SRC-1 process streams. However, these procedures are time-consuming
and are not always reliable in terms of the material balances of the
fraction generated around specific units, e.g., the Kerr-McGee Critical
Solvent ‘Deashing (CSD) unit. In order to minimize turnaround time and
maximize reliability, ICRC has developed the automated sequential
extraction or ASE procedure, which is described in this section.

The ASE procedure was developed using Conoco's 1iquid column frac-
tionation (LC/F) method as a model. Although LC/F has the shortest
turnaround time of those methods commonly used, it requires distillation
of oils before analysis. In developing the ASE procedure, ICRC was able
to eliminate distillation, and therefore quantify the o0ils fraction in
one extraction step. Furthermore, ASE results were shown to be repro-
ducible within 22 wt %, and to yield acceptab1e material balances.
Finally, the ASE method proved to be the least affected by sample com-
position. ' _

It was therefore determined that the ASE procedure can be used to
analyze SRC-I streams of varying composition.

INTRODUCTION
Various analytical workup procedures are commonly used to des¢ribe
the SRC-I process streams with respect to their composition of distii-

late, oils, asphaltenes, preasphaltenes, and residue. nge procedures
also determine sums of fractions, such as asphaltenes + preasphaltenes =

A0"



128

. SRC, and preasphaltenes + residue = benzene/toluene insolubles. The
relative composition of these fractions reflects specific process con-
ditions and characterizes the SRC-I product streams.

It has been shown thatAfour commonly used distillation procedures
yield different amounts of distillate from the same sample (Kingsley and
Schweighardt, 1982) Due to thermal degradation, distillation may alter
the product distribution of preasphaltenes and residue (Kingsley et al.,
1981). Laboratory vacuum distillation must therefore be carried out
under well-defined conditions, and should only be used to generate a
distillate and not a distillate bottoms for subsequent analysis, such as
the determination of asphaltenes, preasphaltenes, and residue.

Various extraction techniques will generate different amounts of
0oils, asphaltenes, preasphaltenes, and residue. These technigues
include beaker extractions, Soxhlet extraction, beaker precipitations,
solvent separation filtration (routine workup method used for ICRC CPOU
samples), and liquid column fractionation (LC/F), developed by Conoco
(Kingsley and Scthighardt, 1982). Most of these procedures are very
time-consuming and demand great operational skill. Table 1 compareé
these procedures with respect to analysis time and types of fractions
obtained.

The turnaround time for these.procedures is a very important factor
in process monitoring and in cost. The fastest is the LC/F procedure:

1 hr for oils/asphaltenes/preasphaltenes
+ 4 hr for THF beaker extraction
+ 4 hr for sample distillation

9 hr turnaround time

The Soxhlet and beaker extractions in combination with the beaker pre-
cipitation method for the oils/asphaltenes separation require about 5 hr
of analysis time; however, the turnaround time is 2 days. The sequen-
tial solvent extraction method takes about 12 hr and the turnaround time
is also 2 days.

Another difference between the workup methods listed in Table 1 is
that all except the LC/F method are preparative procedures, whereas the
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LC/F method is an analytical procedure. A preparative procedure is
defined as one that generates a fraction large enough for further analy-
sis, such as elemental analysis; the analytical method generates only
the weight percent value for the fractions obtained because the fraction
size is too small for further analysis.

In addition to analysis time, another criterion for a reliable
product workup procedure is the material balance of the weight percents
from the fractions generated. If two different samples are analyzed for
fraction composition, and an equal mixture (by weight) of the samples is
prepared and analyzed to determine its fraction composition, the frac-
tions obtained should match the arithmetic average of the fractions from
the two initial samples. It has been shown (Kingsley and Schweighardt,
1982) that beaker extractions, Soxhlet extractions, beaker precipita-
tion, and sequential solvent extraction do not generate all fractions in
the same additive manner, which has an effect on the closing of the
" material balance. Conoco's LC/F yields the best material balance of |
fractions.

In developing ICRC's automated sequential extraction (ASE) pro-
cedure, the following were considered: . '
® reproducibility of results (precision)
® analysis time (man-hours, elapsed time)
® material balance of fractions around a unit

Conoco's LC/F procedure was used as a model because of its short
time requirement and its good reproducibility. However, with this
procedure, a sample containing J50% oils must be distilled before analy=
sis. In other words, two procedures are required to yield one result.
Due to changes in instrumentation, column configuration, and mcde of
packing for the ASE procedure, ICRC was able to eliminate the distil-
lation step, and therefore quantify the oils fraction directly in one

extraction step.
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PRINCIPLES OF THE ASE PROCEDURE

The ASE procedure (detailed in Appendix IX-A) uses a fluidized bed of
100-120-mesh glass beads contained in a glass column; this setup allows
the injected THF-soluble sample fraction to be rapidly dispersed in
n~heptane, thereby precipitating heptane-insoluble material (asphaltenes
and preasphaltenes) on the glass beads. A solvent-metering pump
delivers heptane through the column, eluting the ails fraction from the
sample. Pumping 90 mL of heptane at a 10 mL/min flow rate through the
column is followed by pumping 90 mL each of benzene and pyridine,
thereby eluting the asphaltene and preasphaltene fractions, respec-
tively. After the three fractions are collected, the solvent is
evaporated in a dry bath at 70°C under a nitrogen stream, and then
weighed to obtain the weight percent distribution of 0ils, asphaltenes,
and preasphaltenes in the THF-soluble portion of the sample. The total
product distribution of the sample, including the THF-insoluble residue,
is calculated from this result. The column is regenerated with heptane
before the next sample is analyzed.

EVALUATION OF ASE ANALYSIS RESULTS

Approach
Six different SRC-I brocess streams were analyzed by the ASE pro-

cedure, and the results were evaluated for reproducibility and material
balance (MB) of the fractions. The samples were generated at the
Wilsonville Advanced Coal Liquefaction Facility during run no. 220
(B-MB); sampling sites are illustrated in Figure 1, a schematic of the
SRC-1 process.

To evaluate the MB of the analyzed fractions, two mixtures of the
samples were prepared; the first was a 50/50 vol % mixture of 20 wt 3
solutions of V131A and LSRC in THF: the second was a 50/50 vol ¥ mixture
of 20 wt % solutions of LSRC and THF solubles of KMAC in THF. The mixed
samples were analyzed, and the results were compared to the arithmetic

mean of the individually analyzed samples.
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Results
Reproducibility. ASE analysis averages (x) for the weight percent

results and standard deviations (s) of the six SRC-I process streams are
shown in Table 2. The analysis results for samples V110, T102B, and
KMAC were normalized to include the THF-insoluble residue. Standard
deviations, which indicate the expected reproducibility of the pro-
cedure, were calculated from the results of six replicate assays. The
largest standard deviation was determined to be 1.6 wt %.

4 Material Balance. LSRC and V131A, as well as THF solubles from the
KMAC sample, were combined into 50/50 vol ¥ mixtures. The analysis
results for the mixed samples are shown 1in Table 3, along with the

theoretical results based on the arithmetic mean for each 50/50 mixture.
The agreement between the analytical and the calculated results is quite
good. This study therefore shows that a material balance within 2 wt %
can be obtained with the ASE method in the analysis of SRC-I process
streams of varying compositions.

Recovery. The analysis of Wilsonville process streams by the ASE
procedure yields from S0 to 117 mg of the sum of the three fractions.
Theoretically, recovery based on the injection of a 0.500-mL sample from
a 20% (weight per volume in THF) solution should yield 100 mg. The
range in yields was traced to variations in the 0.500-mL sample injec-
tion loop sizes. These loops were calibrated using a 20.0% solution
(weight per volume in THF) of eicosane. The. recoveries, given in
Table 4, reflect the 10% variation in loop size. However, the variation
in recovery seemed to have no effect on the distribution of oils,
asphaltenes, and preasphaltenes in an SRC-I sample, as shown in Table 5.
The recovery for each fraction by ASE analysis, performed six times, was
found to be within 1 wt %.

In the ASE analysis of ICRC CPDU process stream samples, the sum of
ASE fractions gave consistently lower recoveries (after correction for
sample loop size). A material loss of 1ight ends from the oils fraction
on these CPDU samples was determined. This discovery warranted a modi-
fication of the ASE procedure to be used when analyzing SRC-1 process
streams containing low-boiling material. To prevent the loss of low-
boiling material, the procedure for heptane remcval described in

Appendix IX-A was modified as follows:
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1. After collection of the oils fraction, the fraction contained
in the preweighed vial is placed in the 70°C dry bath under a steady
nitrogen stream. Vial walls are washed periodically with small amounts
of toluene to generate a homogeneous 0ils concentrate,

2. The vial is removed just before solvent evaporation is com-
pleted. ,
3. A small amount of toluene (not exceeding 0.5 mL final volume)
is added to redissolve any oils deposited on the vial walls.

4. The vial is capped, swirled to mix content, cooled to room
temperature, and the sample vial is weighed.

5. A sample is withdrawn from the oils solution and injected into
a GC to determine heptane and toluene concentrations.

6. The o0ils weight is adjusted by subtracting the heptane and
toluene content.

Qils analysis of any sample containing potentially volatile material
(i.e., CPDU and tubing bomb samples) should be carried out as 6ut]ined
above. '

For comparison of the modified (M-ASE) and the unmodified (U-ASE)
ASt method, a CPDU sample showing only 75 wt % recovery of the ASE
fractions was analyzed by both methods. The ASE fractions by M-ASE
showed 103 + 4 wt % recovery (after sample loop size adjustment). The
0ils fractions from each of the two methods were compared for their
respective boiling point distribution. The chromatograms obtained are
shown in Figures 2 and 3 and the boiling point distribution calculated
from the chromatograms is given in Table 6. Comparison of the two chro-
matograms shows more peaks on the left side (1ight ends) of the chroma-
togram in Figure 2 than in Figure 3, indicating losses of lights by
heptane removal. This is confirmed by the results in Table 6, which
show the 0ils fraction by U-ASE tn contain lass light material than the
oils from the M-ASE procedure.

COMPARISON OF ASE WITH OTHER METHODS

In addition to ASE analysis, the six previously described Wilson-
ville SRC-1 process streams were analyzed by solvent separation (FILT),
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Wilsonville Soxhlet extraction (SOX) and the Conoco LC/F method (LC/F):
weight percent results were obtained for the oils, asphaltenes, pre-
asphaltenes, and residue fraction in each of the six streams. The
results are listed in Table 7. Previous studies (Kingsley and
Schweighardt, 1982) have shown that the sum of oils and asphaltenes,
benzene solubles, describe a fraction that is less dependent on sample
composition and procedure. Therefore, the benzene-soluble fraction was
calculated for the four different work-up procedures. Figure 4 shows
that the ASE results compare closely with the LC/F results for the oils
and asphaltenes, and thus for the total benzene-insoluble fraction as
well. Otherwise, the results show large variations among the four
analytical techniques. This is especially true of the correlation
between ASE and solvent separation results. For example, comparison of
0oil yields of the process streams by these two proéedures (Figure 5)
shows a poor correlation. Since these data points represent specific
'0i1 concentrations in defined SRC-I process streams, the results derived
from different analytical procedures will be affected by sample composi-
tion. Therefore, it is necessary to evaluate the composition dependency
of a procedure. One method is to calculate the material balance of the
analysis-generated fractions from a set of SRC-]1 samples.

The mass balance of the fractions (¢) of four SRC-1 process streams
can be calculated based on known flow rates. The streams for tnis
calculation are the feed (T102B) and products (LSRC, SRC, and KMAC) from
the CSD unit, and the material balance can be calculated using the

following equation:
$T102B = 0.149 ¢ LSRC + 0.532 ¢ SRC + 0.319 ¢ KMAC (L -

With the results from Table 7, equation 1 generated a material
balance (recovery) for each fraction as analyzed by each separation
method. Table 8 shows that all extraction procedures are sample-
composition-dependent. That is, they do not consistently yield 100%
recovery in the sum of fractions from the products compared"to the
amount of fraction in the feed. Presently, there is no explanation for
the large difference in weight percent oils and asphaltenes in the CSD
feed T1028 and the CSD products as determined by the FILT methoq; this
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is reflected in the 179% oils and 86% asphaltenes recovery in Table 8.
Preasphaltene recovery of under 100% for each method shows that all
methods can extract more preasphaitenes from the feed sample than from
the products. In contrast, residue recovery is over 100% for all
methods; that is, the methods consistently determined more residue in
the CSD products than in the feed. This consistency may indicate that
regressive reactions are taking place.

To quantify the sample composition dependency of each method, that
is, its ability to yield reliable material balance of fractions, a
comparison was made by calculating the average recovery and standard
deviation for each procedure (bottom of Table 8). The ASE method's low
standard deviation of 16 wt & for the recovery indicates that this
procedure is not as strongly affected by sample composition as the other
procedures. Therefore, the ASE method can be used to reliably determine
oils, asphaltenes, preasphaltenes, and residue in SRC-I process streams
of varying composition.

RESPONSE_FACTORS

Work was done to establish response factors of the respective ASE
fractions using a Pye-Unicam moving wire defector. This was an effort
to use Conoco's LC/F aooroach. The work and results are described in
Appendix IX-B. The response factor for a fraction of a process stream
sample may change with run conditions and/or feed material. This means
that response factors must be re-established for each different type of
sample. Therefore, using response factors is a viable approach for the
analysis of the same types of process streams, but it can be very cum-
bersome with varying types of process stream samples, because response
factors need to be established each time.
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Table 1

Comparison of Product Work-Up Procedures

MeLhod Analysis Turnaround Fractions obtained
Lime time
{man-hours) (days)
Distillalion 2 1/2 distillate, bottoms
Solvent separation 12 2 oils, asphaltenes, preasphaltenes,
' residue
Beaker extraction 3 each 1/2 each benzene/toluene, THF, and pyridine

solubles and insolubles

Soxhlet extraction 3 each 1/72¢ oilsd,-asphaltenes, preasphaltenes,
residue

Beaker precipitationa 2 I/Z each oils, asphaltenes

LC/Fb 1 1/6 oils, asphaltenes, preasphaltenes

9¢T

fﬂn benzeneftoluene-soluble fraction.

On THF-solable distillate bottoms, i.e., perform distillation and beaker
extraction on sample before LE/F analysis.

If tractioas are generated in parallel.

NoL seliable on a sample containing more than 30 wt % oils.
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Table 2
ASE and THF Extraction Weight Percent (§)
and Standard Deviation (s) Results of SRC-I Process Stream Analyses

Process stream THF insolubles? OiISb Aspha'ltenesb Preaspha]tenesb
V110 - x 10.2 56.7 14.7 18.4
x© 63.1 16.4 20.5
s 0.5 0.3 0.3
7028 x 2.1 24.8 22.7 30.4
x© 31.8 29.2 39.0
s 1 0.5 1.5
SRC X 0 33.6 31.2 35.3
s 1.2 1.0 1.
V131A X 0 99.2 0.8
s 0. 2
LSRC X 0 66.4 28.3 5.3
s 1.6 1.5 )
KMAC x 80.6 3.3 4.3 11.8
x© 17.1 21.9 61.0
s 0.1 0 0.4
;By beaker extraction.

Bv ASE analysis.
cExcluding THF insolubles.
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Table 3

ASE Analysis Results for Mixtures of SRC-I Samples

Wt %
Mixture 0ils Asphaltenes Preasphaltenes
LSRC/V131A
Analyzed 84.4 12.7 2.9
Calculated 82.8 14.6 2.7
LSRC/KMAC
Analyzed 42.3 25.6 32.0
Calculated 41.8 25.1 33.2
Table 4
ASE Sample Loop Calibration
Loop A Loop 8 Loop C
Mg recovered 103.1 111.3 100.8
s 1.1 1.8 1.6
Loop size (%1) 515.5 '556.5 504.0

aSr.anda rd deviation.
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Table §
Reproducibility of Weight Percent and Recovery by
ASE Analysis of the THF-Soluble and V110 Samples

Run no. 1 2 3 4 5 6 x2 sb

% oils 63.5 63.5 62.7 62.5 62.6 63.8 63.1 0.6

% asphaltenes 6.3 16.4 16.4 16.8 16.7 16.0 6.4 0.3

% preasphaltene 20.2 20.1 20.9 20.7 20.7 20.2 20.5 0.3

Mg recovered 11 104 113 117 115 117 112.8 4.8
;Using sample loop B.
Standard deviation.
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Table 6

Comparison of Boiling Point Distribution (by GC)

of Two 0ils Fractions_Obtainéd by U-ASE and M-ASE Method

. Boiling point distribution (°F)

Area % <400 400-500 550-650 650-750 >750
M=ASE 2.3 16.1 4.4 19.7 176
U-ASE 0.4 10.4 47.9 24.4 16.9
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Table 7
Comparison of Analytical Techniques

Tech- Wt %
Fraction nique V110. T1028 SRC VI131A LSRC ‘ KMAC
0ils " ASE  56.7  24.8 33.6  99.2 66.4 3.3
FILT  61.5 6.9 8.9 98.1 47.4 1.8
SOX 63.5 19. 4 20.2 99.7 39.4 1.5
LC/F 67.8 31.4 41.0 100.0 71.9 4.2 .
Asphaltenes ASE 14.7 22.7 31.2 0.8 28.3 4.3
FILT 16.5 48.4 62.2 1.6 47.2 2.3 .
SOX 17.2 39.3 58.8 0.3 60.3 1.2
LC/F 10.5 22.7 33.9 0 22.1 4.9
Preasphaltenes  ASE 18.4 30.4 35.3 0.1 5.3 11.8
FILT 13.6 28.5 28.9 0.3 4.1 34.3
SOX 1.9 25.5 .20.5 0 0.3 30.3
LC/F 11.0 24.3 25.1 0 6.0 10.9
Residue ASE 10.2 22.1 0 0 0 80.6
FILT .3 16.0 0 0 0 61.6
SOX .4 15.8 0.5 0 0 67.0
LC/F 10.7 21.6 0 0 0 80.6
Benzene solubles ASE 71.4 47.5 '64.8 99.9 94.7 7.6
FILT  78.0 55.3 711 99.7 94.6 4.1
SOX 80.7  58.7 79.0 100 99.7 2.7
LC/F 78.3 54. 1 74.9 100 94.0 9.1
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Table 8
Material Balance for Fractions as Determined by Four Extraction Procedures
Wt %
Fraction Stream ASE FILT SOX LC/F
0ils T1028 24.8 6.9 19.4 31.4
SRC 17.88 4.73 10.75% 21.81
LSRC 9.89 7.06 5.87 10.71
KMAC a 1.05 0.57 0.48 1.34
z 28.82 12.36 17.10 33.856
Recov. 116% 179% 88% 108%
Asphaltenes 71028 22.7 48.4 39.3 22.7
SRC 16.60 33.09 31.28 18.03
LSRC 4.22 7.03 8.98 3.29
KMAC 1.37 0.73 N.38 1.58
z 22.19 37.75 40. o4 22.28
Recov. a8% 86% 103% 101%
Preasphaltanes T1028 30.4 28.5 25.5 24.3
SRC 18.78 15. 37 10. 91 13.35
LSRC n.79 0.61 Q.04 0.89
KMAC 3.76 10.94 9 57 3.43
z 23.33 26.92 20.02 17.72
Recov. 77% 94% B1% 72%
Residue T1i028 221 16.0 15.8 21.6
SRC 0 0 0.27 0
LSRC Q 0 Q 0
KMAC 2. N 19,565 21.37 25. 71
2 25. 71 1965 2.4 28. 71
Recov. 116% 123% 137% 119%
Benzene solubles T1Q28 47.5 55.3 58.7 54 .1
SRC 34.47 37.86 42.03 39.85
LSRC 14 .11 14.10 14.86 14. 0
KMAC 2.42 1.3 .86 2.90
3 57.00 53.2/ LY 55.75
Recov. 107% 967% 98% 105%
A1l recoveries ib 102.8 115.6 101.4 101.3
s 16.2 38.1 21.7 19.8

3~

z is the sum of SRC, LSRC,

Standard jev:iatioq.

and KMAC streams.
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Figure 2
Chromatogram of Oils Determined by M-ASE

400 500 650 750
BOILING POINT (°F)

Figure 3 .
Chromatogram of Oiis Determined by U-ASE

400 500 650 750
BOILING POINT (°F)
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Figure 5
Comparison of Weight Percent Oils Obtained
by Two Different Analytical Methods
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Appendix IX-A

ASE Procedure

Scope
This method is intended to determine the weight percent fractions of

oils, asphaltenes, and preasphaltenes in the residue-free portion of an
SRC-1 product sample.

Principle

This procedure is based on the fractional solubility of the increas-
ingly polar fractions, e.g., oils, asphaltenes, and preasphaltenes, in
solvents of increésing polarity such as heptane, benzene, and pyridine.
The sample is injected onto a column containing a fluidized bed of glass
beads, which allows optimal sample mixing and dilution of the heptane
solubles with the sample solvent (THF) in the first solvent, heptane.
The o0ils of the sample are then eluted witﬁ heptane, followed by elution
of the asphaltenes with benzene, and elution of the preasphaltenes with
pyridine.’ After reconditioning with heptane, the fluidized bed column is
ready for a new sample.

Strict adherence to all specific conditions and timing is essential
due to the empirical nature of the test.

Apparatus
(1) rotary four-way switching valve

(2) sample injection valve, loop size 0.5 mL

(3) metering pump capable of pumping precisely (£ 0.01 mL/min) and
accurately (£ 0.0) miL/min) at a flow rate of 10 mL/min .

(4) glass column 250 x 9 mm with end fittings for 1/8-in. thick wall
Teftlon tubing (suggested supplier: Altex)

(5) stopwatch

(6) collection vials, 120 mL each, glass (suggested supplier: Wheaton
Cat. No. 225546)

(7) dry bath, temperature controllable at 80 % 1°C and 30 + 1°C
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(8) - Nitrogen at 9 psig

(9) analytical balance capable of weighfng 120 g £ 0.1 mg

(10)
Reagents
(M
(2)

(3)

(4)

(%)

Procedure

Note:

(A)
Note:
(M
(2)
(3)
(4)
(%) .

(B)

10-mL glass syringe

n-heptane, HPLC-grade

benzene, pesticide-grade

pyridine, analytical-grade
glass beads, 90 - 120 mesh (suggested supplier: Arthur H. Thomas,
Cat. No. 5663R20)

THF for cleaning of injection valve

It .is necessary to obtain a residue-free sample, prepared as
tetrahydrofuran-solubles, before analysis by this ASE pro-
cedure.

Preparation of Fluidized Bed

This 1is oh1y necessary if a new ASE column is to be used.
After preparation, the ASE column can usually be used for
100 - 200 samples before changing.
Fi1l glass column with 13.4 g of glass beads.
Connect tubing to inlet and outlet column, inlet is connected
to the outlet of the sample injectibn valve, and the outlet is
connected to the inlet of the fraction collector.
Mount the column vertically in the bracket provided, such that
the inlet is on the bottom and the outlet is on top.
Wash the glass beads at a flow rate of 10 mL/min, pump
n-heptane for 10 min, then benzene for 10 min, then pyridine
for 10 min, followed by heptane for 15 min. .
Turn flow rate to zern. The glass beads have now been washed
and conditioned, and the column is ready for sample injection.

Sample Fractionation by ASE

(M

Weigh three collection vials for each sample on an analytical
batance and record weight within 0.1 mg.
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(2)

(3)

(4)

(5)

(6)
(7)

(8)
(9)
(10)

)
(12)
(13)

(14)
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Fi1l glass syringe with 20%¥ solution of sample in tetrahydro-
furan and load into sample injection loop.

Turn heptane flow to 10 mL/min with upward flow (fluidizing the
bed of glass beads).

At time zero, inject sample onto column and start collecting
effluent in first collection vial.

At time 1.5 min, turn column 180° clockwise, thereby switching
from a fluidized to a packed bed.

At time 9.0 min, switch to benzene at 10 mL/min flow rate.

At time 9.2 min, switch effluent from first to second collec-
tion vial; first vial contains oils fraction.

At time 17.0 min, -turn column 180° counterclockwise.

At time 18.0 min, switch to pyridine at 10 mL/min flow rate.

At time 18.2 min: switch effluent from second to third collec-
tion vial; second collection vial contains asphaltenes frac-
tion.

At time 21.5 min, turn column 180° clockwise.

At 23.5 min, switch to heptane at 10 mL/min flow rate.

At time 27.2 min, switch effluent from third vial to waste;

third vial contains preasphaltenes fraction.

At time 31 min, turn column 180° counterclockwise; column is
now reconditioned with heptane and ready for injection of new

sample.

Solvent Removal

Note:
hood.

(M

(2)

(3)

This procedure should be carried out in a well-ventillated

After the three fractions are co]1gcted in procedure B, place
vials in a constant-temperature dry bath at 80°C and remove
solvents by blowing nitrogen over the surface of the sample,
not exceeding 9 psig; avoid any splashing.

Solvent has been removed if the vial content appears dry (or
oily for the oils fraction). '

Place vials into dry bath at 30°C for 30 min, blowing a stream
of nitrogen into the vial; then cap and weigh vial.
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Repeat this step as many times as necessary to reach a constant
weight; the weight obtained should be within 0.1 mg precision.

6. Calculation

M

(2)

(3)

Determine the weight of each fraction by subtraction of the weight
of the empty collection vial from the weight of the sample-
containing vial. Add the weight of all three fractions to determine
the total weight recovered.

Normalize the weights to weight percents:

wt X 0ils = mg oils

total mg recovered

wt % aépha]tenes = el a;pha1tenes

total mg recovered

wt % preasphaltenes = —md preasphaltenes

total mg recovered

If THF-insoluble residue was present in the original sample,

normalize the weight percents to total fractional distribution:

(a) Determine weight of residue (obtained gn procedure for prepara-
tion of THF or pyridine solubles before FBF analysis)

(b) Calculate the factor (100 - wt % residue)
100 v

(¢) Mulriply eaén wt % obtained in step () with this factor to
obtain a total fractional distribution.
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Appendix IX-B

Determination of Pye-Unicam Response
Factors for the ASE Procedure

INTRODUCTION

Conoco performs the LC/F analysis using response factors obtained with a
Pye Unicam (P-U) moving wire detector, thereby allowing determination of oils,
asphaltenes, and preasphaltenes without gravimetric analysis. The response
factor for a given type of process stream must be determined by preparative
analysis of a representative sample to yield weight percent fractions; these
fractions are then related to the chromatographic area generated by performing
a scaled-down analysis of the same sample using the P-U deteéctor.’ Once the
response factor is established, this approach allows r;pid sample analysis.
ICRC used a similar approach for the ASE analysis; however, response factors
for different types of SRC-I process streams were established with a combined
preparative/analytical méﬁhod:

METHOD

The process stream samples showh in Figure 1 were run through the ASE
column, as described in the procedure in Appendix IX-A. The effluent was dropped
onto the moving wire of a P-U detector, which, after evaporation of the
1ighter combounds such as the solvent, continually carried a miniscule amount
of represéntative effluent to a flame ionization detector located in the P-U
detector; thfs generated a response relatable to the amount of carbon-
containing compounds in the effluent. The effluent was then collected in
three preweighed vials, and the fractions were weighed after evaporation. A
sthematic of the procedure is shown inFigure B-1. The P-U response was
quantified using 20-sec time-siice integration over the 27-min analysis time.
ﬁesu]ps of inteqrated areas, area percents, and standard deviations are pro-
vided in Table B-1.
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REPRODUCIBILITY

Reproducibility of the respective detector responses is described by the
standard deviation, which was calculated from six replicate assays. The
reproducibility was in the same range as that determined with the gravimetric
approach (Table 2), excepting recycle solvent sample VI3TA. However, the
total response for that sample was only about 1/4 of the responses of all
other process streams, which decreases the sensitivity and precision of
response for that process stream. '

Typical chromatograms obtained for these SRC-I process streams are shown
in Figure B-2. The recorder was set at {dentical attenuation for all of the
ASE samples, which allowed an overall comparison of the samples' relative
detector responses. The V131A process solvent sample again showed signif-
icantly lower detector response than all of the other process stream samples.

RESPONSE FACTOR CALCULATION

The response factor (RF) was calculated two ways:

(1) absolute response factor

F = peak area
weight %

(2) relative response factor

area %
RF = weight %

Dividing the peak area or area % of a fragtion from an uynkpown sample by the
respective response factor can then generate the weight percent of that
specific fraction after normalization.

Table B-2 shows that the absolute and relative response factors for each
of the three SRC-| process stream fractions vary significantly, which reflects
thé differing composition of oils in different process streams. The absolute
response factors show greater variation, i.e., more sensitivity to changes in
the fraction composition, than the relative response fractions. The values in
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parentheses in Table B-2 signify those response factors calculated from a <5
wt % fraction, which renders the value less precise. Preasphaltenes show the
smallest variation in RF, indicating that the composition with respect to FID
response is very similar for a preasphaltene from any SRC-I process stream.

CONCLUSION

Applying response factors in the ASE analysis of CPDU process streams is
cumbersome, since these RF values must be re-established for each different
type of sample; in addition, with changes in run conditions or feed materials,
the response factors for the three fractions may also change. Therefore, the
chromatographic approach was temporarily discontinued, and the gravimetric
approach was used exclusively.
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Table B-1
Pye Unicam Detector Response in the ASE Analysis of SRC-I Process Streams

Qils Asphaltenes Preasphaltenes Total
3 :

Stream pk area” area % pk area area % pk area area % pk area

V110 X 1,230 39.9 1,449 37.0 364 13.) 3,043
s° 0.9 13 1.6
T1028 x 1,384 36.2 1,669 46.1 733 17.7 3,786
' s 0.8 0.2 0.6
SRC . x 1,585 38.3 1,903 46.7 540 14.9 4,028
s 1.1 0.8
V131A X 415 73.0 139 23.3 21 4.6 575
s 2.8 2.2
LSRC x 1,906 49.9 1,658 44.3 231 5.8 3,795
s ] 0.8 1.2
KMAC x 743 27.4 1,259 47.8 617 24.8 2,619
0.6 1.2 1.5
VI3TA/LSRC x 1,358 50.1 1,176 43.8 140 5.1 2,674
s 0.8 0 0.7
LSRC/KMAC x 1,189 41,2 1,262 43.6 397 18,3 2 ,R48
s 0 0. 0.7

a. . A
plategration units.
Standard deviation.
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Table B-2
Response Factors for SRC-I Process Streams

Qils ‘A§pha1teqes Preasphal;enes
Stream ;bs. » rg]. abs. i rel. abs.._ _ rel.
V110 19.49 0.63 88.35 2.87 17.76 0.64
T1028 43.52 1.14 57.16 1.55’ 18.79 0.45
SRC 47.17 1.14 60.00 1.50 15.30 0.42
V131A 4.18 0.74 (173.70) (29.13)  (210.00) (46.0)
LSRC 28.70 0.75 58.59 1.66 43.58 1.09
KMAC (43.45)* (1.60) (57.49)  (2.18)  (10.12) 0.4
V131A/LSRC: 16.09 0.59 92.59 3.45 48.28 2.10
LSRC/KMAC 28.11 0.97 49.30 1.703 12.41 0.48

parenthetical values were calculated from a F5 wt % fraction.
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Figure B-1

Schematic of ASE Procedure for Response

Factor Determination

HEPTANE

(1) Eluting Solvents

(2) Solvent Switching Valve
(3) Solvent Metering Pump
(4) Autosampler

(S) ASE Column

(6) Column Turning Valve
(7) Fraction Collector

(8) Pye-Unicam Detector

(9) Recorder
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Figure B-2

ASE Chromatograms Using Pye Unicam Detector
(O = Qils, A = Asphaltenes, P = Preasphaitenes)
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