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GAUSSIAN DECONVOLUTION
SAMPLE: slagl
WINDOWS 1 : 149 - 430 kev
DECONVOLUTION BY INTEGRATION

SAMPLE: slagl
integration windows
14 3 1.640 = 1.B40 kev
16 8 2210 = 2.410 kev
17 Ct 2.320 - 2720 kev
9 K 3210 - 3.410 kev
bt} Ca 3.590 - 3.790 kev
Element Lins Intensity  Background Inton/Back
Si KA 3.54 G010 354.0000
s KA 146.29 0.010 sausentn
a KA 7.03 0010 703.0001
K KA LT 0.010 1770000
Cu KA 144,73 0.010 bbb
13~Jul- 1997 10:4004 siagl
Accelerating voliage
Beam - sample incidence angle
Xray emergence angle
Xray - window incidence angle
STANDARDLESS EDS ANALYSIS
(ZAF CORRECTIONS VIA MAGIC V)
ELEMENT WEIGHT ATOMIC FRECISSION
& LINE PERCENT PERCENT, "y 2 SIGMA
Si KA 1.09 1,40 .00
S KA 39,16 44,25 Q.00
Cl XA 2.60 2.65 0.00
K KA 0.63 0.59 0.00
Ca KA 5653 LIRT 0.00
TOTAL 100,01

*NOTE: ATOMIC PERCENT is normaiized to 100

**NOTE: K-RATIO=K-RATIO X R
where R = reference(standard)/reference(sample)
NORMALIZATION FACTOR: 0949

150 KeV
690 degrees
52.2 degrees
26.6 degrees

K ~RATIO"‘. ITER
0.0105
0.4072
0.0225
0.0043
05538 3



0

B o [edaBayug
=abuey PO " ~-»

(TLOAS)
zoas QAT =pasde |3 1 =dsiqg S3uno2 gERAZ =1 dap
=032 AT =1as3d4 . [EEl =
- spucoas g = AWI3 WOTINTax
va:2Zk Al A6G6BT--1NC-ET

EE
- a A3 BEZ @T
20 9l sl __pl g 2] T
3 ”ﬂa ﬂM~ |
e 5
29 i

SHS Wodd HNAdL23d5




Lines of

interest

cl

Ca
Fe
Cu

S

GAUSSIAN DECONVOLUTION
SAMPLE; slag2

WINDOWS 1 : 204 - 430 kev
WINDOWS2 : 605 - 740 kev
WINDOWS3 : 7.65 - 935 kev

100 sec. acquisition time

Intensity 2 - sigma errot
(cts/sec) (relative)
161,30 0.0084
420 0,1023
333 0.1204
155.52 0.0081
0.65 0.3922
835 0.0422
CHI-SQUARED: 0.9385
13-Jul-1997 10:48:44

Acocelerating voltage

Beam - sample incidence angle

Xray emergence angle
Xray - window incidence angle

ELEMENT
& LINE
5 KA
Cl KA
K Ka
Ca KA
Fe KA
Cu KA
TOTAL

STANDARDLESS EDS ANALYSIS
(ZAF CORRECTIONS VIA MAGIC V)

WEIGHT ATOMIC PRECISSION

PERCENT  PERCENT» 2 8IGMA

37.53 44,84
1.39 1.50
0,98 0.96

46.53 44,47
0.48 033

13.09 7.89

100,00

*NOTE: ATOMIC PERCENT is normalized to 100
**NOTE: K-RATIO=K-RATIO X R _
where R = reference(standard)/reference(sample)

HORMALIZATION FACTOR:  0.877

0.31
0.11
0.09
0.37
0.07
0.49

67

Standard ’ K-natio

siag2

15.0 KeV
690 degrees
22,1 degrees
26.6 degrees

K -RATIO™* ITER
0.3819
0.0108
0.0094
0.4644
0.0048
0.1286 3
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GAUSSIAN DECONVOLUTION
SAMPLE: slag3
WINDOWS1 : 204 - 430 kev
WINDOWS 2 : 605 - 740 kev
WINDOWS3 : 7.65 - 935 kev
100 sec. acquisition time
Intensity 2 - sigma error
{cts/sec) {relstive)
146.86 0.0088
6.43 0.0701
249 0.1503
164,62 0.0078
2.00 0.1443
4.18 00685
CHI-SQUARED: 09611
13-Jul -1997 10:55:01
Accelerating voltage
Beam - sample incidence angle
Xray emergence angle

Xray - window incidence angle

ELEMENT
& LINE
S Ka
Cl KA
K KA
Ca KA
Fe KA
Cu KA
TOTAL

STANDARDLESS EDS ANALYSIS
(ZAF CORRECTIONS VIA MAGIC V)
WEIGHT  ATOMIC PRECISSION

PERCENT = PERCENT* 2 SIGMA
3578 212 0.3}
223 137 0.14

0.77 0.75 0.08
52,51 49.46 0.41
1.62 1.09 0.16

7.09 4.21 0.39

100,00

*NOTE: ATOMIC PERCENT is nonmalized to 100
**NOTE: K-RATIO =K-RATIO X R

where R =mfmme(s£uﬂud¥nm(mple)

NORMALIZATION FACTOR: 0.886

69

Standard * K-ratio

slag3

150 KeV
69.0 degrees
22,1 degrees
26.6 degrees

K-RATIO**  ITER
0.3691
0.0176
0.0075
0.5217
0.0187
0.0683 3
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GAUSSIAN DECONVOLUTION
SAMPLE: slag4

WINDOWS 1 : 204 - 430 kev
WINDOWS2 : 605 - 740 kev
WINDOWS3 : 765 - 935 kev

100 sec. acquisition time

Lines of Intensity 2 - sigma error Standard ’ K-ratic
interest (c1s/sec) (relative) spectrum
S KA 140.78 0.0090 :
Cl KA 9.96 0.0487
K KA o2 0.1246
Ca KA 145,73 0.0083
Fe KA 351 0.0868
Cu KA 0.93 0.2120
CHI-SQUARED: 0.7600
13-Jul+ 1997 11:04:43 slagd
Accelerating voltage 150 KeV
Beam - sample incidence angle §9.0 degrees
Xray emergence angie 22.1 degrees
Xray - window incidence angle 266 degrees
STANDARDLESS EDS ANALYSIS
(ZAF CORRECTIONS VIA MAGIC V)
ELEMENT WEIGHT ATOMIC PRECISSION
& LINE PERCENT  PERCENT» 2 SIGMA K -RATIO** ITER
S KA 37.49 43.25 0.34 0.3954
Cl KA 3.87 4,04 0.17 0.0305
K KA 1.06 1,00 0.10 0.0101
Ca KA 52.59 48.54 0.43 0.5162
Fe KA 321 213 0.22 0,0307
Cu KA 1.78 1.04 0.18 0.0170 3
TOTAL 100.00

*NOTE: ATOMIC PERCENT is normalized to 100
"NQTE: K-RATIO = K-RATIO X R
where R = eference(standard)reference(sample)

NORMALIZATION FACTOR: 0.888
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pITuntARwIN A2 fayanismassanisindaumadaniaeniawisanan® unuuinig
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A lunamies sz luninvansine fu

anududuinunadanidefusaniumniany 0.0196 uanf

adaft | dtina PRI A 1IN vmidn Ut Ut [ dfnuanien
ims mawise | mavled | madsm | kMo, | uaeides finnne
(lahifud) | (reusawnd®) | (ua¥) (i) (Anding) {(ppm) (ehBud)

1 133 0 0 10.1025 14.8 2877.11 -

2 13.3 1750 5 10.0844 12,8 249773 13,19
3 13.3 2750 13 10.1435 12.4 2400.81 16.55
4 34.7 0 0 10,0921 39.8 7745.07 .

5 34.7 1750 13 10.0238 34.8 6818.21 11.97
6 34.7 0 0 10,1121 39,5 7671.49 .

7 34.7 2750 5 10.0076 32.0 6270.77 18.92
8 24.0 0 0 10.0489 25.5 498377 7.11
9 24.0 2250 9 10,1816 240 4629,34 7.54
10 24.0 2250 9 10,1433 23.8 4608.10 6.63
1 24,0 0 0 10.0241 25,7 5035, 14 -
12 24,0 2250 9 10,0674 24.1 4701.36 10.28
13 40.0 0 0 10,0643 445 | 868336 -
14 40,0 2250 § 10,0832 40,0 7790.86 2.28
15 8.0 0 0 10.1751 9.2 1775.71 -
16 8.0 2250 9 10.0734 6.9 1735.15 9.64
17 24.0 0 0 10.1377 25,7 4978.72 5.56
18 24.0 3000 9 10,0402 23.0 449893 -
19 | 240 1500 9 10.1489 24,3 4701.84 6.70
20 24.0 0 0 10.0258 25.6 5014.70 7.34
21 24.0 2250 15 10.0746 24,0 4878.51 -
22 24.0 2250 3 10.0172 28.7 4846.50 18.15
23 13.3 0 0 10.1413 14.9 2685,47 17,04
24 13.3 1750 5 10,0857 12.1 2419.37 14,86
25 13.3 0 0 10,1228 14.9 2890.74 2113
26 133 2750 13 100725 123 2398.74 .
27 34.7 0 0 10,0575 30.8 7777 7,31
28 34,7 1750 13 10.0910 34.0 6617.11 | 14.86
29 34,7 2750 5 10.0292 31.3 8129.17 2113
30 24.0 0 0 10,1145 255 4951.30 -
31 24.0 2250 9 100133 23.4 4589.47 7.31
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AT LT PR VI dmiin U LT i
e mawis | mawise | nmmbwe | kMo, | wasiden | unsidsuiians
(efidud) | (ssusew) (w ) (n¥%) (Hadfing) {ppm) (alafTus)

32 24.0 2250 8 10.1470 235 4548,35 8,14
33 24.0 2250 g 10.0061 234 459277 7.24
34 40.0 0 o] 10.0236 44.3 8679.68 -

35 40.0 2250 8 10.0228 40.4 7916.19 8.80
36 8.0 0 0 10,1316 9.3 1802.72 i

37 8.0 225C 9 9.9588 a8 1735.23 374
38 24.0 0 0 10.0077 25.3 4964.89 .

39 24.0 3000 9 10.0405 23.0 449898 9,39
a0 24,0 1500 9 10,1480 24,5 4741.43 4,50
41 24.0 2250 15 10.0726 23.8 4640.44 8.53
42 24.0 2250 3 10,1268 24.2 4693.18 547
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Bnasimatunintiamia 13.3 wefidus
FuannIntnmng 50 fnddms
Al 1500 . saumeud
nanlunavdnesen 5 Vet
arsduduinunadusdefiuaniium 0.0195 Tuanf
[ nfa TN pap— twiin tifao Ui UBnuaniiay
NaOH nsn-wus nnume KMnO, uamiden Fanne
VMU 1M (n¥w) (RnRfing) {ppm) (mlefifua)
(Awnfiat)

1 0 523 10,1341 14.8 2868,14 -

2 2.5 8.42 16.0236 8. 7 2684.24 6,41

3 5 9.42 ‘10.0432 13.0 254211 11.73

4 7.5 10.50 10.1105 11.8 2292.10 20.08

5 10 10.98 8,9930 11.3 2220.78 22.57

6 0 5.23 10.0784 14.6 2845.02 -

7 15 11.61 10.0842 10.2 1984.50 30.25

8 20 11.68 10.0472 8.3 1817.87 36.10

9 25 12.2C 10,0655 9.3 1814.56 36,22

1¢ 30 12.43 10.0147 9.1 1784.54 3r.27

11 0 5.25 10,1247 14.8 2870,80 -

12 |, 2.5 8.40 | 10,1434 13.8 2671.88 6.9

13 5 9.43 10.0751 13,0 2534.06 11.73

14 7.5 10,20 10.0655 11.8 2263.32 21,16

15 10 10.¢0 10.1271 11.4 2210.77 22,99

16 0 5.24 10.09803 14,6 2841.68 -

17 15 11.50 10.0484 10.0 1954.48 31.22

18 20 12.00 9.9867 9.2 1808.21 36.33

19 25 12.40 10.0376 9.3 1819.60 35,97

20 a0 12,42 10,1188 Q.2 1786.28 37.14
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pIAEuIn A4 Feyantmasenfuansinduimiusmuanilsuenitenndn

wasidenlunnaailiuninReuanfusiunsnaty

arudidulndeuafusiun 1 tuanf
Wrrasnmalunantamie 13.3 wefifusl
hnnnninmes 50 _ TsddAg
pnaFlumawie 1500 spusisun
s lunaweuen 5 et
R tuinunsdesafuusnaun 0.0195 Tuanf
[ neah Yhino AManudy wwmln Ut Yhino Vhnuuasdny
Na,CO, nIm-vusl mnuae KMnO, wAnLEaN finnme
WU M (n¥u) (NaRfing) (ppm) (wlafiTus)
(HmRfnT)

1 Q 5.28 10.1523 14.8 2882.34 -

2 & 7.91' 10,1911 11.8 2273.97 11.8

3 10 §.25 10.0466 2.2 430.06 22

4 15 9.95 10.0840 1.0 194,56 1.0
5 20 10.15 10,1317 0.8 155.07 0.8

6 ¢ 5.27 10.0378 14,8 2B95.86 14.8

7 25 10.21 10.0504 0.7 136.79 0.7

8 0 5.27 10,0447 14.9 2913.21 -

3 5 7.80 10.1211 1.7 2270.29 22.06

10 10 8.24 10.1506 22 43212 85,18

1" 15 10.00 ©.9987 0.8 176.78 93.93

12 20 10.10 10,0020 0.9 176.72 93,93

13 0 5.24 10.1157 14.9 2892.78 -

14 25 10.40 10,0348 0.7 136.40 95,26

15 30 10,00 10.0025 0.6 117.81 95.93
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- J J T W ='
mzumaswin a5 fayanmassadnlnduiuannisuweniteddauaadenluninin

-l - - - -l
MIAan lﬁuqmi'ﬂkﬁﬂuﬂqmﬂlum ﬂqquiﬂ‘lun']ﬂw?ﬂﬂ uﬂznﬁ'ﬂunq?

J ' [
WResine i

Vhnaaihmalunininans 13.3 wlafidus
Bwnnninmng 50 iaasme
pansdudulnunadusnlefuianiun 0.0196 T
nia | Ui | Aaa | et 1 uwmidn | Yl | dion | Yoo
# | NegcO, Wu [ mnvlse | s mmh | kMO, | uamiden | uamdnai
WudU 1 M | nTR-ue {(1auda wige | mw (nd) | @edden | (ppm) ARRY
(AeRAnT) ) (U} (lafiBu)
1 0 5.28 0 0 10.0310 15.0 2936.78 -
2 6.7 8.90 1750 5 10.1548 6.5 1276.43 56.54
3 6.7 8,93 2750 13 10.1453 48 920,18 68,36
4 12.3 9.90 1750 13 10.0721 1.4 272.98 90.70
5 13.3 9.91 2750 5 10.0794 14 272.98 90.70
6 0 5.28 0 0 10.1489 15.1 2622.01 -
7 10.0 9.26 2250 9 10,2444 2.2 421,88 85.58
8 10.0 9.26 2250 9 10,1391 2.1 406.77 86,08
g 10.0 9.26 2250 g 100655 2.1 409.74 95.98
10 15,0 9.95 2250 9 10,0832 1.2 234.19 91.98
1 0 5.27 0 0 10,0360 14.8 2896.18 -
12 5.0 8.13 2250 9 10.0433 1.6 2266.33 21.88
13 10.0 8.28 3000 9 10,0473 2.6 508.22 82.45
14 10.0 9.26 1500 9 10.1840 2.8 539.96 81.35
15 10.0 9.24 2250 15 100034 23 451.55 84.41
16 0 527 0 0 10.0788 14.8 2881.45 .
17 10,0 9,24 2250 3 10.1899 2.8 539.65 81.29
18 6.7 8.90 1750 5 10.1310 8.1 118250 59.00
19 6.7 8.92 2750 18 10.1870 49 994.66 67.25
20 13.3 9.90 1750 13 10.0418 1.4 273.80 90.51
21 0 5.25 0 0 10.0692 14.7 2867.12 -
22 13.3 9.90 2750 5 10,1702 1.1 212.42 92.59
23 10.0 9.26 2250 9 10,1467 1.9 367.75 87.17
2 10.0 9.24 2260 9 10.0678 16 31211 89,11
25 10.0 9,24 2250 9 10.1806 2.0 385.44 86.56
26 0 g.25 0 0 10,1798 14.8 2855.26 .
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[ &

ann | Jdaa AR AT Y vmtin YR | d9aes i
# | NaCO, Wu nmavie 1 nndn | kMno, | uamdsn | uamiand
Watu 1M | nemaus | (seude widse | mm (nd) | (Aeddne | (ppm) anma
(AnR@ing) i) (unl) (WeRiFus)
27 15.0 9.95 2250 ] 10.0162 0.9 176.47 93.82
28 5.0 8.13 2250 9 10,0856 11.3 2204.77 22,78
29 10.0 9.26 3000 2 10.0801 2.3 447 67 84,32
30 10.0 9.24 1500 9 10.1406 27 522.91 B1.69
K} 0 5.28 ] 0 10,0085 14.5 2845.27 -
32 10,0 9.24 2250 15 10.0289 2.3 450.40 84.17
33 10.0 8,89 2250 3 . 10,1202 2.8 543,37 80.90
34 6.7 8.62 1750 5 10.0211 6.5 1273.86 55,22
35 6.7 528 2750 13 10.0338 4.3 841,64 70.42
K] Q 9.87 ] 0 10.0112 14,8 2903.35 -
‘37 13.3 9.87 1750 13 10.2016 1.8 346,52 88.06
38 13.3 9.90 2750 5 10.1064 1.1 213.76 2,64
39 10.0 9.24 2250 9 1.01294 1.7 32%.60 88.65
40 10.0 9.24 2250 9 10.2092 1.8 365.50 87.41
41 0 5.28 0 0 10,1570 148 2861.67 .
42 10.0 2.24 2250 g 10,1753 22 424,62 85,16
43 15.0 9.95 2250 9 10,0155 1.0 196.09 93.15
44 5.0 818 2250 9 10.1561 11.8 2243.13 21.61
45 10.0 9.24 3000 9 10.0473 2.8 508.22 82.24
45 0 5.27 0 0 10.1714 148 2872.41 -
47 10.0 9.24 1500 9 10,1477 2.8 541.89 81.13
48 10.0 9.24 2250 15 10.0362 2.8 430.50 85.01
49 10.0 9.24 2250 3 10.0804 2.6 506.04 82.38
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p12anteewan A 6 feyanimaassindauwaaiduningldisiuinin 100 Aadtas

ATNGAITY 124 LATILE
gmsnsivaraaninunmng 30 fadamssieund
(afaf | wamds | dhwinmn | e | Wooseades | Binausades
mmfw'm 13"1 AR KMnO, (ppm) famaq
SN 2Y (nfn) | (AaddnT) (Weafidus)
(u¥)
1 new 9.9993 14.7 2931.36 -
2 5 10,1443 0.8 187.25 94,64
3 10 10.0084 0.5 99.62 96.60
4 15 10.0024 0.6 119.61 95.92
5 20 10.1477 0.9 176.85 93.97
6 new 10.1134 14.6 2876.57 -
7 5 10.0573 0.8 158.61 94.49
8 10 10.1098 0.8 167.79 94.52
9 15 10.0043 0.7 139.52 95.15
10 20 10.0744 0.6 118.76 85.87
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pI2nAEuwIn A 7 faysn1manesntdowasideslanistulfinn 200 faddng

AITHGUTTY 24.8 LATERTE
grmmslarsanininma 30  Naddnssiaund
(afaf | tamwds | dhwinnn | Yo | dBnnueaden | danauamides
mnthea | thena KMnO, (ppm) Vans
Ui (n¥y) | (Radans) | (Wefidud)
(U¥)
1 naw 10.0247 14.5 2884.15 -
2 5 10.0716 1.0 197.98 93.14
3 10 10.0128 0.7 138.40 95.17
4 15 10.0133 0.5 99.57 96.55
5 20 10.0371 0.6 119.20 06.87
6 naw 10.0011 14.3 2851.08 -
7 5 10.0578 0.8 158.60 97.28
8 10 10.021'0 0.7 139.29 96.60
9 15 9.9981 0.7 139.61 96.61
10 20 10.0176 0.5 99.52 97.28
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azsnmaewIn A 8 faysnimaseitdouanidonTneWistulFunn 300 faddns

AINGAUTTU 37.3 \uMAT
gmmnsinaresnaniinma 30 Nedtmsdeud
A%l | wamda | thwinmn | Uhinae | Wannuasden | Wnuwasidss
mndhea | s KMnO, (ppm) Nanad
FULTY (n$) | (Naddng) (Wefifus)
(u1i)
1 neu 10.0520 14.6 2896.15 -
2 5 10.0095 0.7 139.45 95.19
3 10 10.0103 0.5 99.60 96.56
4 15 10.0176 0.4 79.62 97.25
5 20 10.0043 0.5 98.52 96.56
6 | . new 10.0076 14.5 2889.08 -
7 5 10.0250 0.6 119.34 95.87
8 10 10.0199 0.5 99.50 96.56
9 15 10.0354 0.5 99.35 96.56
10 20 10.0182 0.4 79.61 97.24
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pruneauan a9 deyanimasevindauaaduilanlfishuliinm 400 Hadans

AHGUTTY 49.7 CCRILE
Fnnsivarasnininmng 30 Nnaenmewnd
PR | wavds | thwtinnn | UEina | dRnouasides YRnnuuraiiina
mnthae | dhea KMnO, (ppm) flanad
iy %) | (AeRdne) (lafiBun)
(u¥)
1 neaw - 10.0297 14.4 2862.80 -
2 5 10.0716 0.5 98.99 96.54
3 10 10.0128 0.4 79.66 g7.22
4 . 15 10.0133 0.4 79.65 97.22
5 20 10.0371 0.5 09.33 96.53
6 oy 10.0012 14.7 2930.80 -
7 5 0.9899 0.4 79.84 97.28
8 10 10.0166 0.5 99.53 96.60
9 15 10.0249 0.5 99.45 96.61
10 20 10.0059 0.4 79.71 97.28
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pitumanun a 10 dsysnimaneaindauaaidusiaeldisiuiliinn 500 iaddns

AINUGIUTIY 62.2 LTuRuRT
-ﬁ'mﬂms‘lummmmiﬂma 30  DeRdsneu
Ao | awde | thwdnmn | Y | thinauss@es | dhnuuasdes
mnbma | thaa KMnO, (ppm) " flanas
tuietu (nfuy | Aedang) (wWaditud)
(i)
1 nev 10.1864 14.7 - 2877.51 -
2 5 10.1006 0.5 98.71 96.57
3 10 10.1513 0.4 78.57 97.27
4 15 9.9215 0.4 80.39 97.2%
5 20 10,0339 0.4 79.49 97.24
6 fau 10.1150 14.8 2917.54 -
7 5 10.0278 0.4 79.54 97.27
8 10 10.0196 0.5 99.50 96.59
g 15 10.0355 0.5 99.35 96.59
10 20 10.0048 0.4 79.72 97.27
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| ‘0’ J L 4 - LT}
maneawIn @11 feyammasswfiinaiaadieindauasidoulag i
r :’l ] ' -
A1RTATENIAIATIHNATINTEY 1000 Ny

v ¥ - - ]
ﬂﬂﬂﬂ'}ﬂ“ﬁﬁﬂ‘&ﬂqﬂﬁﬂﬂ'\ﬂ 30 Nﬂﬂﬂﬂ?ﬂ‘mﬂﬁ

Yhaws | anaga | afad | dwdnmmbhen | dBons | W | e
iy 13y Mfumm Tnunsun (n¥) . (WefiTuR)
(Aedding | (ruanT) thme (ni) (Reddn1)

nay wea | fiau | wia | new | wRa | rau | ww

i g | Y| s | sw | odw | odIw | v

18y viiu | eesu | eriu | odu | et | e | edu
100 12.4 1 15.01656 | 15.0025 | 51.8 56,9 131.9 120.4 13.19 | 12.04
2 15,0472 | 15.0738 | 51.7 56.7 132.0 120.2 13.20 | 12.02
200 248 1 | 150377 | 15.0044 | 515 | 61.6 | 1204 | 111.3 | 1294 | 11.13

2 | 150025 [ 15.0170 | 51.7 | 60.0 | 1324 | 1141 | 13.24 | 11.41
300 3ar3 1 15,0412 1 15.0445 | 53,5 85.0 127.6 108.2 12.76 | 10.52
2 15.0187 | 15.0218 | 53.0 65.3 128.0 104.8 12,90 | 10.48

400 48,7 1 15.0356 | 15.0072 | 52.7 68.8 129.5 99.7 12.95 9.97
2 15.0141 | 18,0189 | 52.5 s 1304 95,6 13.04 9.56

500 62.2 1 15.0032 | 15.0147 | 62,5 | 1152 | 1304 58.1 13.04 5.81

2 15,0280 | 15.0227 | 528 | 1154 | 1285 58.0 12.95 580




Aranianuan a 12 deyanimasemiagnmisideuseasiuitdnuiuninima

UFsinoustu 100 LT
ATNGASTU 12.4 LPCRUE
Famnnsiuarasnintinmie 30 finddmssound
[afaf | asmds | thwdnon | UBnar | d3anauasde | WEanauesdey
mnbws | thma KMnO, (ppm) fianns
sty (nTv) | (Raddn) (aditud)
(W)
1 fiay 10.0985 14.5 2863.07 -
5 10.0819 0.5 98.89 96.55
15 10.0356 0.8 158.95 94.45
30 10.1290 3.3 649.63 77.31
45 10.0108 5.4 1075.59 62.43
60 10.1096 10.7 2110.43 26.29
75 10.0635 13.7 2714.52 5.19
20 10,0928 14.3 2825.17 1.32
106 10.0329 14.3 2842.04 0.73
2 riow 9.9984 14.4 2871.79 i
5 10.1342 0.6 118.05 95.88
15 10.0788 0.8 158.28 94.49
30 10,0205 3.1 616.87 78.52
45 10.1130 5.6 1104.15 61.55
60 9.9895 10.7 2135.80 25.63
75 10.1256 13.8 2697.87 6.01
90 10.0094 14.1 2808.87 2.19
105 10.0572 14.2 2815.35 1.97




MANUIN 3
NITATUITY

NAEuaN 91 nsarusnsatiinmuaaid susnnslamendatasazare Inunailion
wefusanium
FratNan1FAIUIN

[ 4
s
AINNIANUIN AZ NIINARAIATIN 1

sutnnaninans 10,1025 nfu

Yiunsansarare inunadasn)ofusaniug 14.8 faaans

asidnduassararoTnunadsunlefuusnium 0.0196 T
ANANNNG

ca’ +C,0, —» CaC0,
+ 2+
030204 +2H ———» H20204 + Ca

- 2
§H,C,0, + 2MnO, +6H ——® 10C0,+2Mn" + 8H,0

5mmol H,C 0,
fmdoy s ——————
2 mmol KMn04

0.0196 mmol KMnQ,

UBnadnunadumiefusanium = 14.8 ml KMnO, X

ml KMnO,
5mmol H2CEO‘
Unnng H,C,0, = (14.8 X0.0196) mmol KMnQ, X ——————— = (.7252 mmoj
2 mmol KMnO‘

anaum s 1 mmol H,C,0,= 1 mmol Ca
gaduFunniuaaies = 0.7252 mmol

v .
wutnessuaaitnuvi lARal

¥ - 0.04008 g Ca
wWsinuAATEN = 0.7252 mmol Ca X
mmal Ca

0.7252 % 0.04008 mmol Ca

USunouuanidsn = X100 % = 0.2877 % = 2877.11 ppm
. 10.1025 g sample
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v
DIANWAN 3 2 N17ATRI NI NILUIANG

Frat1antzg LT AT MRl

¥ v

WINLNNNUNIRNA 15.0158 Ny
Wsumelnungust 2§.2 fadans
ANANNTG

milligrams reducing substances X 10

Total sugars as invert =
titration X g molasses in 100 mi solution

hd g » g L 1 [ :
mnﬂunﬂsiﬁaﬁmqmw’munmmmnmmalummzmu 100 Nﬂﬂﬂﬂ?ﬁﬂiﬁ’lﬂu

5 [ 7] ol 3’ [ - ‘6 l’
1. ludumeuwsnfaudesnaniniimaludmmdoan 1.1 dedulusisazattninun
' 15,0158

- A

A8 15.0158 NFy fnanvimnaBusy = ——— = 7.5079 nix
2

L] - i, - » z t »
2. van Al Bums 500 Nedang Aaluiininuimia 7.5079 niu
g - o r -
3. tulmsnrazaieninuisnasinds 2 w1 50 Nedans finnurans 0.7508 niu
[ ] z L] -1 -~ :f
4. YgasantnInanasinds 3 vndiuassvld 200 fadame Asduluans

g o - 1) r
AAENINUIANG 200 HasanT finnumna 0.7508

8
= 0.3754

¥ . ¥
5. ands 4 luarrarateninumna 100 nid azilnanuipng =
n¥u
dndHinunnunmalugisazatt 100 nf wtwuliadinineeafinadaldannmisia
NARUAN 4 3

" gandiunminanuimas 0.3754. Utinndlnunsusl 25.2 faadms dAn ardiactayin

fu 50.92
5092 X10

252X03754
=53.83 %

»
L A

¥ 2
pauffanmuaanmee - =
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Titer Sucrose present per 100 ml of sugar Solution (g)
{ml} 0 0.5 1 2 3 4 5 10 25
Reducing Substances {mg) for 5 mi Standard Copper Sclution
15 50.5 50.2 48.9 49,4 48,8 48.3 476 48,1 43.4
16 50.6 50.3 50.0 49.4 48.8 48.3 47.6 46.1 43.4
17 50.7 50.4 50.1 49.4 48.8 48.3 47.6 48.1 43.4
18 50.8 50.4 50.1 49.4 48.8 48.3 478 46.1 433
19 50.8 50.4 50.2 49.5 48.9 48.3 47.6 48,1 43,3
20 50.9 50.5 50.2 49.5 48.9 48.3 47.6 46.1 43.2
21 51.0 50.6 50.2 49.5 48.9 48.3 47.6 48.1 432
22 51.0 50.8 50.3 49.5 48.9 48.4 47.6 48,1 431
23 §1.14 50.7 50.3 48.6 48.0 48.4 47,6 46,1 43.0
24 51.2 50.7 50.3 49.6 48,0 48.4 47.6 46.1 42.9
25 51.2 50.8 50,4 49.6 49,0 48.4 47.6 46,0 42.8
26 513 50.8 80.4 49.8 48.0 48.4 4TS 46.0 422
27 51.4 50.9 50.4 49.6 49.0 48.4 47.6 45.0 427
28 514 50.9 50.5 49.7 49.1 48.4 47.7 48.0 427
25 51.5 51.0 50.5 49.7 49,1 484 47.7 48.0 426
30 51.5 51.0 £0.5 497 48.1 48.4 477 48.0 42.5
31 51.8 51.9 50.8 45.8 45,2 48.5 47.7 45.9 42,8
32 51.6 51.1 50.8 49.8 46.2 48.5 47.7 45,9 42.4
kK] 51.7 51.2 50.6 49.8 49.2 48.5 47.7 45,9 423
34 51.7 51.2 50.6 49.8 49,2 48,5 477 45.8 42.2
35 51.8 513 50,7 49.9 49.2 48.5 AT7 45,8 42,2
35 51.8 51.3 50.7 49.8 48.2 48.5 417 45.8 421
37 51.8 51.3 50,7 48.9 49.2 48.5 47.7 45.7 42,0
38 51.8 51.3 50.7 49.9 49.2 48.5 47.7 45.7 42,0
39 52.0 51.4 50.8 50.0 49.2 48.5 47.7 457 419
40 52.0 51.4 50.8 50.0 49,2 48.5 477 45.8 41.8
41 §2.1 51.4 50.8 50.0 49.2 48.5 47.7 45.6 41.8
42 521 51.5 50.8 50.0 49.2 48.5 47.7 45.6 41.7
43 52.2 51.5 50.8 50.0 49.3 48.5 A77 45.5 41.8
44 52.2 51.5 50.0 50.0 49.3 48.5 47.7 45.5 415
45 52.3 515 §9.0 50.1 49.3 48.8 47.7 454 41.4
46 52.3 51.5 58,0 50.1 40.3 48.6 47.7 454 414
47 g2.4 518 59.0 50.1 49.3 48,6 47.7 453 41,3
48 524 51.8 §8.0 50.1 48,3 48.8 47.7 45.3 412
49 E2.4 517 51.0 50.2 45.3 48.6 47.7 45,2 411
50 §52.5 51.7 $1.0 50.2 49.4 48.8 47.7 45.2 41.0
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Regression Statistics

Multiple R 0.9988
R Square 0.9997
Adjusted R 0.9981
Sguare
Standard 0.8503
Error
Observations 13
ANOVA
df SS MS F Significance F
Regression 10 4549.322 454.9322 629.2478 0.0016
Residual 2 1.4460 0.7230
Total 12 4550.768

Cosfficients Standard tStat P-value Lower Upper Lowsr Upper

Error 95% 95%  95.0% 95.0%
Intercept 86.8533  0.4909 176.9231 0.0000 84.7411 88.9655 84.7411 88.9655
p 23,6533 0.4008 69.0114 0.0003 21,9287 253780 21.9287 25.3780
v 0.5433  0.4008 1.3655 0.3080 -1.1813 - 2.2680 -1.1813 2.2680
t 1.0022 0.4008 25004 0.1296 -0.7224 27268 -0.7224 2.7268
;D2 -13.0444 . 0.3450 -37.8126  0.0007 -14.5288 -11,5601 -14.5288 -11.5601
v -2.0733 0.3450 -6.0101 0.0266 -3.5576 -0.5890 -3.5576 -0.5890
£ -1.7007 03450 -4.9300 0.0388 -3.1851 -0.2164 -3.1851 -0.2164
pv -1.3819  0.5843 -2.3851 0.1417 -3.8860 1.1321 -3.8960 1.1321
pt -2.9508 0.5843 -5.0502 0.0370 -5.4649 -0.4368 '-5.4649 -0.4368
vt 9.6192 0.5843 16.4627 0.0037 - 7.1051 12.1332 7.1051 12.1332

pvt T -6.7977  0.6494 -10.4674 0.0090 -9.5%19 -4.0035 -9.5919 -4.0035




a0

e p ApAANNITINNIN-ANY

v Aearudalunisies

t Apinanfildivies

BNy FeymluAc]

faulsdasyianuailmauduiuitulbnauanioufiansdeuinugieiey
a% 99.80 Fearfiansandndurisdasiamnidluaunimennolsiely

GRERILIRE ] m'muﬂsﬂmmﬂamaﬂudﬂﬁ’quﬂsﬁmzﬁ’wumzﬁﬂujwmnﬂﬁ
rnaunadoufianedliel Tnanedauugiussl

Hy : AautlsBasyynialallundesfuniuaaduuiionss

H, : FalsBerruneiiinase i nouasiuxinnns
fmumseAuiaAgLYnAY 0.05 ‘.

AnINTNLANNEER F ifuoddlinganinmneti F Aidaannmssuang

dnfjieganuRgiu Hy nd12Ae FraullBasnamailnasiaRnounndefonnsfisysude-
A1Aty 0.05

fumeuseluAenimasausneifuasaaniandutesionassy T e
voasuinmszidrnad waviulsaarsla lusuniemenneal ufessiguied

Ho faurlsBareiat | LifinasietBinnuandusiianas

H, : faulsinssiafl | Sasietfuniuaadasdianas

nessiniagaindiata T-Stat Weufunisdasinaiseatifvidodinny
vinaudlu P-Value RszFudndndty 0.05 Wufilasdmmsiannainansninesdulneidane
Amninandfifidndeundissiutudady spifussiianifusunenensaligsal
FautsBasy p Henduulss@nsivindy 23.65
faustngy p2 fiAnduyssantivinfu -13.04
RautlsBasy v HanduilssRiniviafy -2.07

L 2 1} 13 [ 4
fausBase ¢ daadulss@nfiviany -1.70

-l

SautlsBasy pt HAndudsrBnivindy -2.95

L - ]

FaurlsBase vt Badutlsz@ntivindu 9.62
FautlsBasy pvt HAndutlseRnavindy -6.80
aosnilAndurlsrBntiviniy 86.85
aqlaunimennmallddell  Ca= 23.65p-13.04p - 207" - 1.70° -2.95pt + 9.62v1 -

6.8pvt + 86.85
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STREAM REPORT

Batch Time = 72.2 h

STREAM NAME 5-114 Yeastl Molasses Waterl Airl
SQURCE AF-102 INPUT INPUT INPUT INPUT
DESTINATION OUTRUT F-101 R-102 R-102 6-101
STREAM PROPERTIES

TEMP ' 36.0 25.0 25.0 25.0 25.0
PRES bar 1.0 1.0 1.0 1.0 1.0
DENSITY g/l 1.2 1000.1 1256.9 1000.0 1.2
COMPONENT FLOWRATES (kg/Batch)

Biomass 0.0000 188.0000 0.0000 0.0000 0.0000
Calcium sulfate ¢.0000 0.0000 210784.4200 0.0000 0.0000
Carb. Dioxide 337372.6952 0.0000 0.0000 0.0000 0.0000
Nitrogen 1504800.0000 0.0000 0.0000 0.00001504800.0000
Other Impuritie 0.0000 0.0000 63578.6400 0.9000 0.0000
Oxygen 400000.,0000 0.0000 0.0000 0.0000 400000.0000
sucrose 0.0000 0.0000 419000.0000 0.0000 0.0000
Water 0.0000 93103.0000 316000.00004050000.,0000 ¢.0000

TOTAL (kg/batch})2242172.6952 93291,0000

800363, 06004050000,00001804800.0000

TOTAL (m3/batch}1874302.9183 '  93.2820 636.7717 4050.00001€620029.3301
STREAM NAME 8-10§ §=-121 Ethaneol2 3=-110 8~104
SQURCE G~101 cr-102 C-104 F-101 8T-101
DESTINATION AF-101 C-194 OQUTPUT AF-102 F-101
STREAM PROPERTIES

TEMP *C 35.0 25.0 90.9 36.0 35.0
PRES bar 6.0 1.0 1.0 1.0 1.0
DENSITY g/l 6.8 1027.1 2.8 1.2 1067.4
COMPONENT FLOWRATES (kg/Batch)}

Biomass 0.0000 97986,1954 0.0000 0.0000 0.0000
Calcium sulfate 0.0000 135.839¢6 0.0000 0.0000 10725.1057
Carb. Dioxide 0.0000 0.0000 0.0000 337372.6852 0.0000
Ethyl Alcchol 0.0000 4468.6500  4469.06€37 0.04000 Q.0000
Glucose 3.0000 0.0000 0.000¢ 0.0000 812946,253¢6
Nitrogen 1504800.0000 0.0000 0.00001504800.0000 0.0000
Oxygen 400000.0000 0.0000 0.0000 400000.0000 0.0000
Water 0.0000 50853,1926  3512.0607 0.00003921969,.974¢€

TOTAL (kg/batch)1904800.0000 143443.8776
TOTAL (m3/batch) 282077.5204 139.6606

7981.12442242172.69524745641.333%8
2894.75751874302.9183  4446.0455




STREAM NAME 5-109 =112 5-103 5-106 5-101
SQURCE CF-102 F-101 AF-101 v=-101 R-102
DESTINATION v-101 CF=-102 F-101 OUTERUT CFr-101
STREAM PROPERTIES

TEMP *c 25.0 36.0 35.0 25.0 35.0
PRES bar 1.0 1.0 €.0 1.0 1.0
DENSITY g/l 992.7 993.8 6.8 9982.7 1067.8
COMPONENT FLOWRATES {kg/Batch)

L]

Biomass 0.0000 87986,1954 0.0000 0.0000 0,0000
Calcium sulfate 10589,.2661 10725.1057 0.0000 10589.2661 10784.4200
Ethyl Alcohol 348350.0240 352818.6741 0.0000 348350,0240 Q0.0000

Glucose 0,0000
Nitrogen 0.0000
Gther Impuritie 0.06000
Orygen ¢.0000
Water

0.0000

0.0000

0.00001504300.0000

0.0000
0.00Q0

3964219.78204015072.9746

0.0000
400000.0000

0.0000 820000.0000

0.0000 0.0000
0.0000 ©3578.6400
0.0000 0.0000

0.060003964215.78203956000,0000

TOTAL (kg/batch}4323159.07214466602,94971904800.00004323159,07214850363.0600

TOTAL {m3/batch) 4354.8528 4494.5134 282077.5204 4354.8528 4542 .4101
STREAM NAME 5~102 §-113 §=107
SQURCE cr-101 Cr-101 C~-104
DESTINATION s7T-101 OUTRUT OUTPUT
STREAM PROPERTIES

TEMP *c 25.0 25.0 100.0
PRES bar 1.0 1.6 1.0

DENSITY g/l 1067.4 1086.7 1034.8
COMPONENT FLOWRATES (kg/Batch)

Bicmass 0.0000 0.0000 87986.195%4

Calcium sulfate 10725.1087 59,3143 135.83%96

Glucose 812946.2536 7083,7464 0.0000

Other Impuritie 0.0000 €3578.6400 0.0000

Water 39219€9.9746 34030.0254 47341,131%

TOTAL (kg/batch)4745641,.3339 104721,7261 135463.1668

TOTAL (m3/batch) 4446.0455 96.3647 130.9088

QVERALL MATERIAL BALANCE (kg/Batch)
(Hours per Batch = 72)

COMPONENT IN ouT {CUT-IN)
Biomass 188.000000 87986,195387 §7799.195387
Calcium sulfate 10784.420000 10784.420000 0.000000
Carb. Dioxide 0.000000 337372.695238 337372.695238
Ethyl Alcohel 0.00G000 352818.67405¢ 352818.674056
Glucose 0.000000 7053.74¢641¢6 7053.74€841¢6
Nitrogen 1504800.000000 1504800.000009 0.0000400
Cther Impuritie 83578 . 640000 £3578.640000 0.000000
Oxygen 400000.000000 400000.000000 0,000000
Sycrose 410000.000000 0.000000 -410000.000000
Water 4459103.000000 4049103.000000 -410000.000000
TOTAL 6848454 . 060000 6813497.371097 =34956.6883903
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$ Generated by PRO/II Keyword Generation System <version 2.71 - 02-14-95>
$ Generated on: Wed Mar 10 17:08:52 1999
TITLE
DIMENSION METRIC, PRES=KPA, ENERGY=J, STDTEMP=0, STDPRES=101,325
SEQUENCE SIMSCI .
CALCULATION RVPBASIS=APIN, TVP=37.778
COMPONENT DARTA
LIBID 1,H20/2, ETHANCL
THERMODYNAMIC DATA
METHOD SYSTEM=UNIQ, SET=UNIQQl, DEFRULT
STREAM DATA
PROPERTY STREAM=S1, TEMPERATURE=2S5, PHASE=M, COMPOSITION (M, KGM/H)=1, &
3054/2,105
UNIT OPERATICONS
COLUMN UiD=T1 .
PARAMETER TRAY=20,I0=30
FEED 81,10
PRODUCT BTMS(M)=352,3033.9, OVHD(M)=S3,125.1
CONDENSER TYPE=BUBB
DUTY 1,1/2,20
PSPEC PTOP=10
PRINT PROPTABLE=PART
SPEC STREMM=S3, PCT{WT), COMP=2, VALUE=%93
SPEC COLUMN=T1, RRATIO, VALUE=3
VARY DUTY=2,1
REBOILER TYPE=KETTLE
END

COMPONENT DATA

COMPONENT COMP. TYPE PHASE MOL. WEIGHT  DENSITY
KG/M3
H20 LIBRARY VAR/LIQ 18.018 998.566
ETHANOL LIBRARY VAPR/LIQ 46,070 793.833
COMPONENT NBP CRIT. TEMP. CRIT. PRES. CRIT, VOLM.
c c KPA M3/KG-MOL
1 H20 100.000 374.200  22119.19% .0554
ETHANOL 78,320 243.100 6383.470 1670
COMPONENT ACEN. FACT. HEAT FORM. G FORM.
J/KG-MOL J/KG-MOL
H20 .34800 -2.4200E+08 =2.2BBOE+D8
ETHANOL .63600 -2.3481E+08 -1.6795E+08
CALCULATION SEQUENCE AND RECYCLES
CALCULATION SEQUENCE
SEQ  UNIT ID UNIT TYPE
1 T COLUMN
COLUMN SUMMARY
UNIT 1, 'T1'
TOTAL NUMBER OF ITERATIONS
IN/OUT METHOD 16
COLUMN SUMMARY
---------- NET FLOW RATES -—=m==mm-mn~- HEATER
“TRAY  TEMP PRESSURE LIQUID  VAPCR  FEED PRODUCT DUTIES
DEG C  KPA KG-MOL/HR M*J/HR
1¢  29.3  10.00 375.3 125.1L  -21427.6981
2 29.4 10.00 375.0  500.4
3 29.5  10.00 374.6 500.1
4 23.7 10.00 374.2  499.7
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5 29.9 10.00 373.5 499.2
3 30.3 10.00 372.4 498.6
7 31,2 10.00 369.9 497.5
8 33.9 10.00 366.9 495.0
9 38.7 10.00 368.0 492.0
10 40.8 10,00 3615.6 493.1  3159.0L
11 42.0 10.00 2621.6 581.7
12 43.3 10.00 3628,2 587.7
13 44.3 10.00 3633.7 594.3
14 45.0 10.00 3637.6 599.8
15 45,4 10.00 3639.8 €03.6
16 45.6 10.00 3641.0 €05.9
17 45.7 10.00 3641.6 607.1
18 45.8 10.00 3641.9 €07.7 .
19 45.8 10.00 3642.1 608.0
20R 45.8 10.06 €08.2 3033.9L 26238.1108
FEED AND PRODUCT STREAMS
TYPE STREAM BHASE FROM TC  LIQUID FLOW RATES HEAT RATES
TRAY TRAY  FRAC KG-MOL/HR M*J/HR
FEED s1 LIQUID 10 1.0000 3159.00 6043.2772
PROD S3 LIQUID 1 125,10 381.3369
PROD S2 LIQUID 20 2033,%0 10472.3432
OVERALL MOLE BALANCE, (FEEDS - PRODUCTS) -1.1990E-12
OVERALL HEAT BALANCE, (H({IN) - 'H{CUT) ) 9,8994E~03
SPECIFICATIONS
PARAMETER TRAY COMP SPECIFICATION SPECIFIED  CALCULATED
TYPE NO NO TYPE VALUE VALUE
STRM 33 1 2 WT PERCENT 9.300E+01  9.300E+01
UNIT T1 1 MOL RRATIO 3,000E+00  3.000E+00
REFLUX RATICS
ssss———e REFLUX RATIOS —mmm===m—
MOLAR WEIGHT STD L VOL
REFLUX / FEED STREAM S1 .1188 .2605 .2163
REFLUX / LIQUID DISTILLATE 3,0000 3.0000 3.0000
TRAY NET VAPOR RATES AND DENSITIES
------------ === BARTES -mmm=—scc—mme———
TRAY M ACTUAL DENS Z FROM NORMAL ACTUAL
KG/M3 DENSITY K*KG/HR K*M3/HR K*M3/HR
2 41.541 .16513  1.00000 20,787 11.218 125,878
3 40,905 .16255  1.00000 20.456 11.20% 125.841
4 40.182 .15960 _ 1.00000 20.079 11.200 125,809
5 39.295 .15596 - 1,00000 19.618 11,190 125.787
6 38.102 .15102  1.00000 18.997 11.17% 125.789
7 36.275 .14335  1.00000 18,045 11.150 125.883
8 32.940 .12802  1.00000 16.305 11.085 126.369
9 27.613 .10649  1.00000 13.585 11.027 127.573
10 25.100 .09616  1.00000 12.376 11.052 128,701
11 23.529 .08880  1.00000 13.68¢ 13.037 152.411
12 21.808 .08290  1.00006 12.816 13.172 154.603
13 20.326 .07701  1.00000 12.079 13.320 156.844
14 19.294 .07294  1.00000 11,573 13,445 158,662
15 18.679 .07053  1,00000 11.27% 13.530 159.874
16 18.345 06922  1.00000 11.115 13.581 160.577
17 18.174 .06855  1.00000 11.034 13.608 160.953
18 18.089 06822  1.00000 10.992 13.621 161.145
19 18.047 L06805  1.00000 10.973 13.628 161.240
20 18,026 .06797  1.00000 - 10,963 13,632 161.287




TRAY NET LIQUID RATES AND DENSITIES'

--------------- RATES ~==-—-m=mmmm———
TRAY MW ACTUAL DENS Z FROM STD LIQ ACTUAL
KG/M3 DENSITY K*KG/HR M3/HR M2/HR
1 41.541 793,708 2.08E-04 15,590 19,357 19.642
2 40.693 796,209 2.03E-04 15,253 18.887 19,164
3 39.728 799,196 1.98E-04 14.883 18,154 18.622
4 38.544 803.090 1.91E-04 14.421 17.700 17.957
5 36.950 808.793 1.81E-04 13.800 16.820 17.063
6 34,505 818.756 1.67E-04 12.848 15,471 15.693
7 30.030 842,250 1.41E-04 11,108 13,009 13.188
8 22.864 905,580 9.89E-0S 8.388 9,155 9.263
9 19.510 957,078 7.86E-05 7.17% 7.423 7.501
10 18.903 968,980 7.47E-05 68,344 69,804 70,532
11 18.631 974,610 7.30E-05 67.475 €8,518 69.233
12 18.394 979.684 7.14E-05 66,737 67.417 €8.121
13 18.227 983,357 7.02E-05 66.232 66.653 67.353
14 18.126 985.608 6,95B-05 65.934 66.200 66.897
15 18.071 986.847 6.91E-05 65.774 65.954 66.650
16 18.042 987.490 6.89E-05 65.692 65,828 66.524
17 18.028 987,912 6.88E-0S 65.651 65,766 66,461
18 18.021 987.971 &,BBE-0S £5.631 65.735 66,430
19 18.018 988,049 6.88E-05 65.621 65.720 66.415
20 18.016 988,087 €.88E-05 54,658 54,738 55.317
STREAM MOLAR COMPONENT RATES
STREAM ID g1 52 53
NAME
PHASE LIQUID LIQUID LIQUID
FLUID RATES, KG-MOL/HR
1 H20 3054.0000 3033.8074 20,1926
2  ETHANOL 105.0000 0959 104.9041
TOTAL RATE, KG-MOL/HR 3159.0000 3033.9034 125.0966
TEMPERATURE, C 25,0000 45,8078 29,3340
PRESSURE, KPA 10.0000 10.0000 10.0000
ENTHALPY, M*J/HR 6043,2772  10472.3432 381.3369
MOLECULAR WEIGHT 18,9475 18.0159 41,5415
MOLE FRRC VAPOR .0000 .0000 Q000
MOLE FRAC LIQUID 1.0000 1.0000 1.0000
STREAM SUMMARY
STRERM ID s1 52 83
NAME
PHASE LIQUID LIQUID LIQUID
==w=m TQTAL STREAM  --=--
RATE, KG-MOL/HR 3159,000 3033.903 125.097
K*XKG/HR 59.855 54.658 5.197
STD LIQ RATE, M3/HR 61,190 54.738 6.452
TEMPERATURE, C 25.000 45.808 29.334
PRESSURE, KEA 10.000 10.000 10,000
MOLECULAR WEIGHT 18.948 18.016 41,541
ENTHALPY, M*J/HR 6043.277 10472.343 381,337
J/Ke 100965.095  191%96.165 73280.648
MOLE FRACTION LIQUID 1.0000 1.0000 1.0000
REDUCED TEMP (KAYS RULE) .4637 .4927 L5629
PRES (KAYS RULE) 4.6305E-D4  4,5211E-04 1,1206E-03
ACENTRIC FRCTOR .3576 .3480 .5895
WATSON K (UOFPK) 8,927 8.762 10.661
STP LIQ DENSITY, KG/M3 978.178 998.546 805.392
SPECIFIC GRAVITY .9791 .999% .8062
APT GRAVITY 13,014 10.066 44.018
-------- VABOR =—=m—m-—mm
RATE, KG~MOL/HR N/R N/R N/A
K*KG/HR N/A N/A N/A
K*M3/HR N/A N/A N/A
NORM VAP RATE(1), K*M3/HR N/A N/A N/A
SPECIFIC GRAVITY (AIR=1.0) N/A N/R N/A
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MOLECULAR WEIGHT
ENTHALPY, J/KG
CcP, J/KG-C
DENSITY, KG/K*M3
Z (FROM DENSITY)

-------- LIQUID

RATE, KG-MOL/HR
K*KG/HR
M3/HR
GAL/MIN

STD LIQ RATE, M3/HR
SPECIFIC GRAVITY (H20=1.0)

MOLECULAR WEIGHT
ENTHALPY, J/KG
CP, J/KG-C
DENSITY, KG/M3

Z {FROM DENSITY)

(1) NORMAL VAPOR VOCLIME IS

N/A
N/A
N/A
N/A
N/R

3159.000
59.855
61,409

270.376
61.190
.9791
18.948
100965.095
4041.424
§74.695
7.8418E-05

N/&
N/A
N/A
N/A
N/A

3033.903
54.658
55,317

243.555
54,738
.9995
i8.01s6
191596.165
4177.623
998.087
6.8753E-05

N/A
N/A
N/R
N/A
N/A

125,097
$.197
6.547

28.827
6.452
8062

41.541

73380.648
2620.628

793,708

2.0811E-04

22.414 M3/KG-MOLE (C C AND 1 ATM)
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STREAM REPQRT

Batch Time = 72.2 h

97

STREAM NAME 3-102 §-103 Sol.Lig.Was

SQURCE INPUT CF-101 cr-101

DESTINATION CF-101 QUTPUT QUTPUT

STREAM PROPERTIES

TEMP °c 25.0 35.0 35.0 .
PRES bar 1.0 1.0 1.0

DENSITY g/l 1067.4 1067.1 2202.3

COMPONENT FLOWRATES (kg/Batch)

Calcium sulfate 10725.1057 8413,8454 2311.2603
Glucose 812946.2536 812850,9%9542 95.2594
Water 3921969.97463921510.4060 459.5686

TOTAL (kg/batch)4745641.33394742775.2456 2866,0883
TOTAL (m3/batch} 4446,0458 4444.7441 11,3014

OVERALL MATERIAL BALANCE (kg/Batch)
{(Hours per Batch = 72)

COMPONENT IN ouT (OUT-IN)
Calcium sulfate 10725.105680 10725.105690 0.000000
Glucose 812946.253580 812946.253580 4,000000
Water 3921969.974610 3521965.974€10 0.000000C
TOTAL 4745641.333880 4745641.332880 0.000000




INPUT STREAM DATA

StreamName = 5=-102

Temp = 25.00 degC
Press . = 1.01 bar
Component Mazs Flow (kg/Batch) Mass % Extracell,
Calcium sulfate 10725,10569 0.23 100.00
Glucose 812946.25358 17.13 10¢.00
Water 3921969.97461 82,64 100.00

UNIT OPERATION DATA

Number of Process Steps = 1

Unit Name = CF-101
Unit Use = Disk-Stack Centrifuge

e v - ———— 20 o o o P e R ok Bl o e e e W

Calculation mode : Design

Operation mode : Batch

Removal mass percentages are calculated by the aystem.
Design Component = Calcium sulfate

Product Yield (%)= 21.355

Max Sigma Factor = 54500,00

Liquid Viscosity = 1.50

Particles In HP = 0.60
Efficiency (%) = 20.00
Exit Temperature = 35.00
Cost was estimated using system model for Disk-Stack Centrifuge

PROCESS SCHEDULING DATA
Plant Mode of Operation = BATCH

Annual Operating Time = 7920,00 hours

Number of campaigns =1 campaign(s} per year
Plant Batch Time = 72.00 hours

Batch Turnaround Effic. = 1.00

Process Sched Process Turnard Cycles BStart Abs Start
Step Set By Time Time Per Time or Time Ref.
Nane User (hr) (hr) Batch {hr) Rel Step

- e - et A s e R A8 o e g e O O A

CF-101 No ¢.11 0,13 300 0.00 Abs n/a

%

Container
Unit
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MAJOR EQUIPMENT SPECIFICATION AND FOB COST (1996 prices)

Quantity/ Description Unit Cost Cost
Stand-by {51 {5
2/0 Cp-101 Disk-Stack Centrifuge 205000 410000

Sigma Factor = 30632.63 m"2
Power = 21.04 kW

Ceost of Unlisted Equipment © 103000
20.0 % of Total
TOTAL EQUIFPMENT PURCHASE COST 513000
FIXED CAPITAL ESTIMATE SUMMARY (1996 prices) .

A, TCTAL PLANT DIRECT COST (TPDC) (physical cost)

1. Equipment Purchase Cost (PC) E] 513000
2., Installation (summed over all units, inc. unlisted) 256000
3, Process Piping {0.35 X PC) 180000
4, Instrumentation (0.40 X EC) 205000
5. Insulation (0.03 X BC) 15000
6. Electrical {0.10 X EC) 51000
7. Buildings {0.45 X pC) 231000
8, Yard Improvement (0.15 X PC) 77000
9, Auxiliary Facilities (0.40 X EBC) 205000

TPDC = 1733000
B. TOTAL PLANT INDIRECT COST (TPIC)

10. Engineering {Q.25 X TPDC) 433000
11, Construction {0.35 X TPDC) 607000

e e e e AL

TPIC = 1040000

€. TOTAL PLANT COST {TPDC + TPIC) TPC = 2773000
12. Contractor's fee (0.03 X TPRC) 138000
13. Contingency (0.10 X TEC) 277000

{12+13) = 416000

©. DIRECT FIXED CAPITAL (DFC} TPC + 12 + 13 = 3189000
RAW MATERIALS (1996 prices)

Input Stream Unit Cost Annual Amount Cost
Name (5/%g ) ( kg ) ( $/yr )
TCTAL 0
VARIOUS CONSUMABLES (1996 prices)

TOTAL q
HEAT TRANSFER AGENT : Steam {10.00 §/10%6 kcal)

Process Step Duty Annual Amount Cost
Name { kcal/h ) {10"6 kcal ) { $/yr )
CcF-101 1222164.8 4436 :;000
SUBTOTAL 44005

TOTAL 61000
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STREAM REPORT

Batch Time = 72.2 h

STREAM MAME Sol.Lig.Was NaoH s-108 Na2co3 s-106
SOURCE CF-101 INPUT v-102 INPUT CF-101
DESTINATION OUTPUT v-102 R-102 R-103 v-103
STREAM PROPERTIES

TEMP °c 35.0 25.0 35.0 25,0 35.0

PRES bar 1.0 1.0 1.0 1.0 1.0

DENSITY g/l 2054.6 1361.0 1068,5 2532.0 1067.9

COMBONENT FLOWRATES (kg/Batch)

Calcium carbona €714.9406 0.0000 0,0000 0.0000 0.0000

Calcium sulfate 73,3563 0.0000 10725.1057 0.0000 1518.2494

Glucose 304.1617 0.0000 812946.2536 0.0000 812642.0918

Sodium carbonat 2,5563 0.0000 0.0000 13943.0000 6829.6779

Sodium Hydroxid 3.6592  9780.0000  $780.0000 0.0000 9776.3408

Sodium sulfate 3.5654 0.0000 0.0000 0.0000  $525.7599

Water 1467.3949  9780.00003921969.9746 0.00003920502.5797

TOTAL (kg/batch) 8569.6344 19560.00004755421.3339 13943.00004760794.6995

TOTAL (m3/batch) 4.1710 14.3715  4450,6370 5.5067  4458.,0859
STREAM NAME H3PO4 §-105 3-102 $-108
SOURCE INPUT y-103 INBUT R-103

DESTINATION v-103 QUTBUT v-102 CF-101

STREAM PROPERTIES

TEMP "c 25,0 25.0 35.0 35.0
PRES bar 1.0 1.0 1.0 1.0

DENSITY g/l 1880.0 1070.2 1067.5 1068.8

COMPONENT FLOWRATES (kg/Batch)

Caleium carbona 0.0000 0,0000 0.0000 6714,9406

Calcium sulfate 0.0000 1518.2494 10725.1057 1591.6057

Glucose 0.0000 812642.0918 812946.2536 §12946.2536
Fhosphoric Acid 23676.8000 23676.9000 0.0000 0.0000
Sodium carbonat 0.0000 6829.6779 0.0000 6832.2341

Sodium Hydroxid 0.0000  9776.3408 0.0000 §780.0000

Sodium sulfate 0.0000 9525.7599 0.0000. 9529,3253

Water 0.00003920502.57973912189,97463921969.9746

TOTAL (kg/batch) 23676,90004784471.59954735861,33394769364.3338

TOTAL {(mi/batch) 12.5941 4470.6800 4436.2655 . 4462.256%

OVERALL MATERIAL BALANCE (kg/Batch)
{Hours per Batch = 72)

COMPONENT N our {OUT-IN)
Calcium carbona 0.000000 £714, 940617 6714.940617
Calcium sulfate 10725.105690 1591.605684 -9133.500006
Glucose 812946.253580 812946,253580 £.000000
Phosphoric Acid 23676.900000 23676.900000 0.000000
Sodium carbonat 13943,000000 €832.234130 ~7110.765870
Sodium Hydroxid 9780.000000 9780.000000 0.000000
Sodium sulfate 0.0G0000 9529.325259 9529,325259
Water 3921969.974610 3921969,974610 0.000000
TOTAL 4793041.233880 4793041.233880 0.000000




INPUT STREAM DATA

StreamName = NaQH

Temp = 25.00 degC

Press = 1.01 bar

Component Mass Flow (kg/Batch) Mass % Extracell. %
Sodium Hydroxid 9780.00000 50.00 100.00
Water $780,00000 50.00 100,00
StreamName = Na2CO3

Temp w 25.00 degC

Preas = 1.01 bar

Component Mass Flow {kg/Batch} Mass % Extracell. %
Sogdium carbonat 13943.00000 100.00 100.00
StreamName = H3POd .
Temp = 25.00 degC

Press = 1,01 Dbar

Component Mass Flow (kg/Batch) Mass % Extracell., %
Phosphoric Acid 23676.90000 100.00 100.00
StreamName = 5~102

Temp = 35.00 degC

Press = 1.01 bar

Component Mass Flow (kg/Batch) Mass % Extracell. %
Calcium sulfate 10725.10569 0.23 100.00
Glucose 812946.25358 1Aty 100.00
Water 3912189,97481 82.81 100.00

UNIT QPERATION DATA

Number of Process Steps = 4

Unit Nane = R-103
Unit Use = WM_Reactor

Calculation mode : Design

Operation meode : Batch
Max Tot Volume = 300.000
Lig / Total Vol = Q.85
Height / Diamety = 2.50
Agitation Rate w 0.50
Veasel Temperat = 35.00

Design Pressure = 1,50
Vessel is constructed according to ASME standards.

REACTION DATA

Reactlion : Reacticn #1

Seqg. No : 1

Extent (%) « 85,16

R¥n Temperat =~ 85.16

Enthalpy = 0,00

Enthaipy Comp = (none)

HX Agent = Cooling Water

Component Name Stoich.Coeff, ExtraCell % % In Gas Qutlet
Calcium carbona 1.00 100,00 0.00
Calcium sulfate -1,00 100.00 0.00
Glucose ¢.00 . 100.00 0.00
Phasphoric Acid 0.00 100.00 0.00
Sodium carbonat ~-1.00 100,00 0.00
Sodium Hydroxid 0.00 100.00 0.00
Sodium sulfate 1.00 100.00 0.00
Water 0.00 100.00 0.00

Cost was estimated using system model for Well Mixed Reactoer

Unit Name = y=-102

Unit Use = Blending Tank
Calculation mede : Design

Operation mode : Batch
Agitation Rate = 0,25

Exit Temperature = 35.00
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Heat Trans Agent Chilled Water

Height/Diameter = 2.50
Lig Vol/Tot Vol = 0.85
Design Pressure = 1.50

Operating Press = 1.00

Vessel is constructed according to ASME standards.

Max Tot Volume = 300.00

Cost was estimated using system model for Blending Tank

Unit Name = V=103

Unit Use = Blending Tank

Calculation mode : Design
Operation mode : Batch
Agitation Rate = D.25

Exit Temperature = 25,00 .
Heat Trans Agent = Chilled Water
Height/Diameter = 2.50

Liq Vol/Tot Vol = (.85

Design Pressure = 1.50
Operating Press = 1.00

Vessel is constructed according to ASME standards.

Max Tot Volume = 300.00

Cost was estimated using system model for Blending Tank

Unit Name = CF-101

Unit Use = Disk-Stack Centrifuge

Calculation mode : Lesign

Operation mode + Batch

Removal mass percentages are calculated by the system,
Design Component = Calcium carbona

Product Yield (%)= 100.00

Max Sigma Factor = 94500.0C0

Liquid Viscoaity = 1.50

Particles In HP = (.60

Efficiency (%) = 30.00

Exit Temperature = 35.00

Cost was estimated using system model for Disk-Stack Centrifuge

PROCESS SCHEDULING DATA
Plant Mcde of Cperation = BATCH
Annual Cperating Time 7%20.00 hours

Number of campaigns = 1 campaign(s) per year
Plant Batch Time = 71.16 hours

Batch Turnaround Effic. 1.00

Proceas Sched Process Turnard Cycles Start Abs Start Container
Step Set By Time Time Per Time or Time Ref. Unit
Name User {hr} {hr) Batch {hr) Rel Step

R-103 No 0.+30 6.80 10 0.00 Abs n/a R=-103
v-102 No 0.30 6.80 10 0.20 BAbs n/a v~-102
v-103 No 0,30 €.80 10 0.00 &Abs n/a v-103

CF-101 No 0.11 0.13 285 0.00 Abs n/a CF-101
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MAJOR EQUIPMENT SPECIFICATION AND FOB COST (1996 prices)

Quantity/ Descriptian Unit Caost Cost
Stand-by {8} { %)
2/0 R-103 Well Mixed Reactor 811000 1622000
Volume = 262,13 m~3J
Powar = 111,40 kW
2/0 V=102 Blending Tank 150000 300000
Volume » 281,80 m*3
Power = 55,63 kW
2/0 V=103 Blending Tank 150000 300000
Volume = 262,98 m~3
Power = 55.88 kW .
1/0 Cr-101 Disk-Stack Centrifuge €6000 €6000
Sigma Factor = 8535.96 m~2
Power = 8 18 kW
Coat of Unlisted Equipment §72000
20.0 % of Totali ;
TOTAL EQUIPMENT PURCHASE COST 2860000
FIXED CAPITAL ESTIMATE SUMMARY (1996 prices)
A. TOTAL PLANT DIRECT COST (TEDC) (physical cost)
1. Equipment Purchase Cost (FC) 2860000
2. Installation (summed over all units, inc. unlisted) 1430000
3. Process Piping (0.35 X PC) 10019000
4. Instrumentation {0.40 X PC) 1144000
5. Insulation (0.03 X pC} 86000
€. Electrical (0.10 X PC) 286000
7. Buildings {D0.45 X PC) 1287000
8. Yard Improvement (0.15% X EC) 425000
9, Auxiliary Facilities (0.40 X PBC) 1144000
TPDC = 9667000
B. TOTAL PLANT INDIRECT COST (TPIC)
10. Engineering (0.25 X TPDC) 2417000
11. Construction {0.35 X TPDC) 3383000
TPIC = 5800000
C. TOTAL PLANT COST {TPDC + TPIC) TPC = 15467000
12. Contractor's fee (0.05 X TPC) 773000
13. Contingency (0.10 X TEC) 1547000
(12+13) = 2320000
D. DIRECT FIXED CAPITAL (DFC} TPC + 12 4+ 13 = 17787000
RAW MATERIALS (1996 prices)
Input Stream Unit Cost Annual Amount Cost
Name (S/kg ) { kg } { $/yr )
NaCH 1.100e-001 2181859.24 240000
NaZCO3 1.420e=-001 1555299,7¢ 221000
H3P04 3,300e-001 2641087.06 872000
TOTAL 1333000
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VARIOUS CONSUMABLES (1996 prices)

TOTAL 0
HEAT TRANSFER AGENT : Chilled Water (35.00 §/10%6 kcal)

Process sStep Duty Annual Amount Cost
Name ( kcal/h ) {1076 kcal ) { $/yr }
v-102 48551.,4 16 1000
v-103 13951578.0 4669 163000
cr-101 7036,8 25 1000
SUBTOTAL 165000
HEAT TRANSFER AGENT : Cooling Water (25.00 $/10~6 kcal)

Process Step Duty Annual Amount Cost
Name { kgal/h ) {10~6 kcal ) [ $/yr )
R-103 151179.0 51 1000
SUBTOTAL 1000
TOTAL 186000
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STREAM REFORT

Batch Time = 72.2 h

STREAM NAME Water NaCl 5-103 Lig.Waste 8-102
SOURCE INPUT INPUT c-101 c=-101 INPUT
DESTINATION c-101 c-101 OUTRUT QUTPUT Cc-101
STREAM PROPERTIES

TEMP °c 25.0 25.0 25.0 25.0 25.0
PRES bar 1.0 i 1.0 1.0 1.0
DENSITY g/1 1000.0 2164.0 1065.9 1778.7% 1067.4
COMPCNENT FLOWRATES (kg/Batch)

Calcium sulfate 0.0000 0.0000 429.0042 10296.1015 10725.1057
Glucoase 0.0000 0.0000 812946.2536 0.0000 812946.2536
Sodium Chloride 0.00002228076.3565 0.00002228076.3565 0.0000

Water

514805.0731

0.00003921969.8778 514805.07313921969.8778

TOTAL (kg/batch) 514805.07312228076.35654735345.13562753177.53104745641.2371

TOTAL (m3/batch} 14,8051  1029.6101  4442.5670  1547.8836  4446.0454
OVERALYL MATERIAL BALANCE (kg/Batch)
{Hours per Batch = 72)

COMPONENT IN QuUT {QUT-IN)
Caleium sulfate 10725.10569¢0 10725.10569¢0 0,000000
Glucose 812946.253580 §12946.253580 0.000000
Sodium Chloride 2228076.356463 2228076.356463 0.000000
Water 4438774.950920 4436774,950920 0.0004000
TOTAL 7488522.666653 7488522.666653 0,000000




INPUT STREAM DATA

StreamName = Wa
Temp 25
Press 1.
Component

Water

StreamName = Na
Temp 25
Press 1,
Compenent

Sedium Chloride

= g-
= 25
- 1.

Streamame
Temp

Press
Component
Calcium sulfate
Glucose

Water

UNIT OPERATION DA

Number of Process

- O=
= Io

Unit Name
Unit Use

ter

.00 degC

01 bar

Mass Flow (kg/Batch)
514805.07312

cl

.00 degC

01 Dbar

Mass Flow (kg/Batch)
2228076.35646

102
.00 degC
¢l bar
Mass Flow (Xg/Batch)
10725.10569
812946.25358
3921969.87780

T4

Steps = 1

lo1
n Exchange

Mass %
100.00

Mass %
100.00

Mass %
0.23

17.13

82.64

Extracell. %
100.00

Extracell. %
100.00

Extracell. %
100.00
100.00
100.00

e o = = P ke e R s o e e e . L D . o A

Calculation mode
Cperation mode
Design for Diamet
Column Length
Max Col Diameter
Overdesign Fact.
Resin Binding Cap
Load Flowrate
Elut Flowrate
Wash Fiowrate
Elution Volume
Product Volume
Washing Volume
Throughput
Replacement Freg
Resin Unit Cost
Resin is used to

: Design
: Batch

er (Length is set)
= 3,72

= 1.02

= 1,00

= 40.00

- 717.27

= 717.27

= 717.27

= 2.00

= 0,50

- 4,00

= 0,26

w 200,00

= 3,00

retain the impurities

Component Name

Binding Mass %

Recovery Yield (%)

D 40 o e e e AL L o O

Calcium sulfate
Glucose

Sodium Chloride
Sucrose

Water

Cost was estimated using

PROCESS SCHEDULING DATA
Plant Mode of Operation

Annual Operating Time
Number of campaigns
Plant Batch Time

Batch Turnaround Effic.

Sched Proces
Set By Time
User {hr)

Process

system model for Ion Exchange

= BATCH

= 7920.00
-1

= 72.42

= 1.00

s Turnard
Time
(hr)

heurs
campaign(s) per year
hours

Start Abs Start
Time or Time Ref.
{hr} Rel Step

Cycles
Per
Batch

Container
Unit
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MAJOR EQUIPMENT SPECIFICATION AND FOB COST (1996 prices)

Quantity/ Description Unit Cost Cost
Stand-by { 5 ( 5)
15/¢ c-101 Ion Exchange 276000 4140000
Column Diameter = 0.99 m
Column Length = 3.72 m
Cost of Unlisted Equipment 1035000
20.0 % of Total
TOTAL EQUIPMENT PURCHASE COST 5175000
FIXED CAPITAL ESTIMATE SUMMARY (1936 prices)
A. TOTAL PLANT DIRECT COST (TPDC} {physical cost)
1. Equipment Purchase Cost {EC) 5 5175000
2. Installation (summed over all units, inc. unlisted} 2588000
3, Process Piping {0.35 X PC) 1811000
4. Instrumentation (0.40 X BC) 2070000
S, Insulation {0.02 X BC) 155000
6. Electrical (0.10 % PC) 518000
7. Buildings (0.45 % BC) 2325000
8, Yard Improvement {0.13 X BC) 776000
$. Auxiliary Facilities (0.40 X BC} 2070000

B. TOTAL PLANT INDIRECT COST (TPIC)

10, Engineering {0.25 X TPDC)
11. Construction {0.35 X TPDC)

C. TOTAL PLANT COST (TPDC + TPIC)

12, Contractor's fee (0.05 X TEC)
13. Contingency (0,10 X TPRC)

TEDC = 17432000

4373000
6122000

TPIC = 1045%5000
TEC = 27987000

1355000
2799000

(12+13) = 4198000

D. DIRECT FIXED CAPITAL (DFC) TPC + 12 + 13 = 32185000
RAW MATERIARLS (1996 prices)

Input Stream Unit Cost Annual Amount Cost
Nane (8/kg } ( kg ) { $/yr ).
Nacl 8.900e-002 243667008.33 21686000
TOTAL 21686000
VARIOUS CONSUMABLES (1996 prices)

CHROMATOGRAPHY RESINS

Process unit Cost Annual Amount Cost
Step { $/L ) { L) ( $/yr )
¢-101 3.00 816,28 2000
SUBTOTAL 5500
TOTAL 2900
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STREAM REPORT

Batch Time = 72,2 h

STREAM NAME Sol.Lig.Was NaOH 5-108 NazCo3 8-106
SOURCE CF-101 INPUT V=102 INPUT cr-101
DESTINATION CUTPUT v=102 R-103 R-103 v-103
STREAM PROPERTIES

TEMP °C 35.0 25.0 35.0 25.0 35.0
PRES bar 1.0 1.0 1.0 1.0 1.0
DENSITY ~ g/l 2053.1 1361.0 1068.5 2532.0 1067.9
COMPONENT FLOWRATES (kg/Batch)

Calcium carbona 6568.2790 0.0000 0.0000 0.0000 134.0465
Calcium sulfate 0.7415 0.0000 10725.1057 0.0000  1608.0244
Glucose 294.6035 0.0000 812946.2536 0.0000 812651.6501
Sodium carbonat 2.4808 0.0000 0.0000 13942.0000 6843.1132
Sodlum Hydroxid 3.5442  8780,0000 9780.0000 0.0000 $776.4558
Sodium sulfate 3.4468 0.0000 0.0000 0.0000  9507.9746
Water 1421.2824 9780.00003921969.9746 0.00003920548,6922
TOTAL (kg/batch)  B294.3772 19560.00004755421.3339 13943.00004761069.5567
TOTAL (m3/batch} 4.0399 14,3715  4450.6370 5.5067  4458.2055
STREAM NAME H3PO4q 5-102 §-107 8-101 Water
SOURCE INPUT INPUT R-103 V=103 INPUT
DESTINATION V=103 V=102 CF-101 c-101 c-101
STREAM PROPERTIES

TEMP *c 25,0 35.0 35,0 35,0 25,0
PRES bar 1.0 1.0 1.0 1.0 1.0
DENSITY g/1 1880.0 1067.5 1068.8 1070.2 1000.0
COMPONENT FLOWRATES [(kg/Batch)

Calcium carbona 0.0000 6.0000 6702.3245 134.0465 0.0000
Calcium sulfate 0.0000 10725,1057 1608.765% 1608.0244 0.0000
Glucose 0.0000 812546.2536 812946.2536 812651.6501 0.06000
Phosphoric Rcld  23676.9000 0.0000 0.0000 23676.5000 0.0000
Sodium carbonat 0.0000 0.0000 6843.5940 €843.1132 0.0000
Sodium Hydroxid 0.0000 0.0000 9780.0000. 9776.45%58 0.0000
Sodium sulfate 0.0000 0.0000  9511.4214  9507.9746€ 0.0000
Water 0.000039121B9,.97463921969,97463920548.6922 83619.4018
TOTAL (kg/batch) 23676.90004735861.33394769364.33394784746.8567 B83619.4018
TOTAL {m3/batch) 12.5941  4436,2655  4462,2454  4470.73%¢6 83,6194
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STREARM NAME Nacl Lig.Waste $-103
SQURCE INPUT c-101 c-101
DESTINATICN C=-101 QUTPRUT CUTPUT
STREAM PROPERTIES

TEMP °c 25.0 34.1 25.0
PRES bar 1.0 1.0 1.0
DENSITY g/l 2164.0 1048.0 1574.4
COMPONENT FLOWRATES {kg/Batch)

Calcium carbona 0.0000 128,6846 5.3619
Calcium sulfate 0.0000 1543.7034 64.3210
Glucose 0.0000 0.0000 812651.6501
Phosphoric Acid 0.0000 0.0000 23676.5000
Sodium carbonat ¢.0000 0.0000 6843.1132
Sodium Chloride 361904.7710 361504.7710 0.0000
Sodium Hydroxid 0.0000 8776.4558 0.0000
Sodium sulfate 0.0000 9507,9746 0.0000
Water 0.00004004168,0840 0.6000
TOTAL (kg/batch) 361904.77104387029.6834 843241.3461
TOTAL (m3/batch) 167.2388 4186.0738 $35.5840

CVERALL MATERIAL BALANCE (kg/Batch)

(Hours per Batch = 72)

COMPONENT IN QuUT (OUT-IN)
Calcium carbona 0.000000 €702.324477 6702.324477
Calcium sulfate 10725.105630 1608.765854 -9116.3398137
Glucose 812946,253580 £812946,2%3580 0.000C00
Phosphoric Acid 23676.900000 23676,500000 0.000000
Sodium carbonat 13543.000000 6845,593953 -7087.406047
Sodium Chleoride 361904,770980 361904.770990 0.000000
Sodium Hydroxid 9780.000000 $780.000000 0.000000
Scdium sulfate 0.000000 9511.421407 $511.421407
Water 4005589.376410 4005589.376410 0.000000
TOTAL 5238565.406670 5238565,406670 -0.000000
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INPUT STREAM DATA

StreamName = NaQH

Temp = 25.00 degC

Press = 1.01 bar

Component Mass Flow (kg/Batch) Mass %
Sedium Hydroxid 9780.00000 50.00

Water 9780.00000 50,00

StreamName = Na2CQ3

Temp = 25.00 degC

Press = 1.01 bar

Component Mass Flow (kg/Batch) Mass &
Sodium carbonat 13943,00000 100,00

StreamName = H2PO4

Temp = 25.00 degC

Press = 1.0l  bar

Component Mass Flow (kg/Batch) Mass %
Phosphoric Acid 23676.90000 100,00

StreamName = 8-102

Temp = 35.00 degC

Press = 1,01 bar

Component Mass Flow (Xg/Batch) Mass %
Calcium sulfate 10725,1056% 0.23

Glucose 812946.25358 17.17

Water 3912189.97461 BZ.61

StreamName = Water

Teamp = 25.00 degC

Press - 1.01 bar

Component Mass Flow [kg/Batch) Mass %
Water 83619,40180 100.00

StreamName = NaCl

Temp = 25,00 degC

Press = 1.01 |Dbar

Component. Mass Flow (kg/Batch) Mass %
Sodium Chloride 361904.,77099 100.00

UNIT OPERATION DATA
Number of Process Steps = 5

Extracell. %
100.00
100.00

Extracell. %
160,00

Extracell. %
100.00

Extracell. %
100.00
100.00
100.00

Extracell. %
100.00

Extracell. %
100.00

Unit Name = R-103

Unit Use = WM_Reactor
Calculation mode : Design
Operation mode 1 Batch
Max Tot Volume = 300.000
Lig / Total Vol = (.85
Reight / Diametr = 2.50
Agitation Rate = 0.50
Vessel Temperat = 35.00

Design Pressure = 1,50
Vessel is constructed according to ASME standards,

RERCTION DATA
Reacticon : Reaction #1
Seq. No : 1

Extent (%) = 85,00

Rxn Temperat = 85,00

Enthalpy = 0.00

Enthalpy Comp = (none}

HX Agent = Cooling Water

Component Name Stoich.Coeff. Extracell %
Calcium carbona 1.00 100.00
Calcium sulfate -1,00 160,00
Glucose 0.00 100,00
Other Impuritie 0.00 100.00
Phosphoric Acid 0.00 100.00
Sodium carbonat -1.00 100.00
Sodium Chloride 0.00 100.00
Sodium Hydroxid 0.00 100.00
Sodium sulfate 1.00 100.00
Sucrose 0.00 100.00
Water 0.00 100.00

% In Gas Qutlet

e

0.00
0.00
0.00

Cost was estimated using system model for Well Mixed Reactor
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Urnit Name = V-102

Unit Use = Blending Tank
Calculation mode ; Design
Cperation mode ¢ Batch

Agitation Rate = 0.25

Exit Temperature = 35,00

Heat Trans Agent = Chilled Water
Height/Diampeter = 2,50

Liq vol/Tot Vol = 0.85

Design Pressure = 1,50 .

Operating Press = 1.00

Vessel is constructed according to ASME standards.

Max Tot Volume = 300.00

Cost was estimated using system model for Blending Tank

Unit Name = V=103
Unit Use = Blending Tank

Calculation mode : Design

Operation mode 1 Batch
Agitation Rate w 0.25

Exit Temperature = 35,00

Heat Trans Agent = Chilled wWater
Height/Diameter = 2.50

Lig Vol/Tot Vol = (.85

Design Pressure = 1.50

Operating Press = 1.00

Vessel is constructed according to ASME standards,

Max Tot Volume = 300.00

Cost was estimated using system model for Blending Tank

Unit Name = CF-101

Unit Use = Disk-Stack Centrifuge

Calculation mode : Design

Operation mode 7 Batch

Removal mass percentages are calculated by the system,
Deszign Component = Calcium carbona

Product Yield (%)= 28,00

Max Sigma Factor = 94500.00

Liquid Viscosity = 1.50

Particles In HP = 0.60

Efficiency (%) = 30.00

Exit Temperature = 35.00

Cost was estimated using system model for Disk-Stack Centrifuge

Unit Name = C-101

Unit Use = Ton Exchange

Calculation mode : Design

Operation mode : Batch

Design for Diameter {(Length is set)

Column Length = 3.72

Max Col Diameter = 1.02

Qverdesign Fact, = 1.00

Resin Binding Cap= 40.00

Load Flowrate = 348B0,59

Elut Flowrate = 3480,5%
Wash Flowrate = 3480.59
Elution Volume = 2,00
Product Volume = 0.50

Washing Volume 4.00

Throughput 1.04

Replacement Freq = 200.00

Resin Unit Coat 3.00

Resin is used to retain the impurities

Component Name Binding Mass % Recovery Yield (%)

et - o o 2 22 g ot e

Calcium carbona 96.00 6.00
Calcium sulfate 96.00 ¢.00
Glucose 0.00 0.00 .
Qther Impuritie 0.00 0.00
Phosphoric Acid 0.00 0.00
Sodium carbonat 0.00 0.00

Cost was estimated using system model for Ion Exchange



PROCESS SCHEDULING DATA

Plant Mode of Operation

Annual Operating Time
Number of campaigns
Plant Batch Tinme

Bateh Turnaround Effic.

Process

Step
Name

BATCH

7920.00
1

73.00
1.00

Turnard
Time
{hr)
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Sched Process
Set By Time
User (hr}
No 0.30
No 0.30
No 0.30
No 0,11
Ne 0.07

hours
campaign(s} per year
hours
Cycles sStart Abs Start Container
Per Time or Time Ref, Unit
Batch {hr) Rel Step
10 6.00 pbs n/a R-103
10 0.20 Abs n/a v-102
10 Q.00 Abs n/a v-103
295 0.00 RAbs n/a CF-101



MAJOR EQUIPMENT SPECIFICATION AND FOB COST (1996 prices)

Quantity/ Description Unit Cost Cost
Stand-by (5 { $)
2/0 R-103 Well Mixed Reactor 8110400 1622000
Volume = 262.13 m"3
Power = 11].40 kW
2/0 v=102 Blending Tank 150000 300000
Volume = 261.80 m*3
Power = 55,63 kW
2/0 Vv-103 Blending Tank 150000 360000
Volume » 262,99 n"3
Power = 55.88 kW
1/0 CF=-101 Disk-Stack Centrifuge 66000 66000
Sigma Factor = 8535,95 m~2
Power = 8.18 kW
3/0 c-101 Ion Exchange 258000 774000
Column Diameter = 0.89 m
Column Length = 3.72 m
Cost of Unlisted Eguipment 76800C
20.0 % of Total
TOTAL EQUIPMENT PURCHASE COST 3828000
FIXED CAPITAL ESTIMATE SUMMARY (1996 prices)
A. TOTAL PLANT DIRECT COST (TPDC) {physical cost)
1. Equipment Purchase Cost [PC) § 3828000
2. Installation (summed over all units, inc. unlisted) 1514000
3, Process Piping (0.35 X PC) 1340000
4, Instrumentation (0.40 X PC) 1531000
5. Insulation {0.03 X PpC) 115000
6. Electrical (0,10 X PC) 383000
7. Buildings (0.45 X EBC) 1723000
g, Yard Improvemernt {0.1% X PC) 574000
9. Auxiliary Facilities (0.40 X PC) 1531000
TEDC = 12939000
B. TOTAL PLANT INDIRECT COST (TPIC)
10. Engineering {0.25 X TPDC) 3235000
11. Construction {3.35 X TPDC) 4529000
TPIC = . 7764000
C. TOTAL PLANT COST (TPDC + TPIC) TPC = 20703000
12, Contractor's fee (0,05 X TBEC) 1035000
13, Contingency {0.10 X TEC) 20770000
(12+13) = 3105000
D. DIRECT FIXED CAPITAL (DFC) TPC + 12 + 13 = 23808000
RAW MATERIALS (1996 prices)
Input Stream . Unit Cost Annual Amount cost
Name ($/kg ) { kg ) { $/yc )
NaCH 1.100e-00} 2122126.03 233000
Nazco3d 1.420e~001 1512720.00 215000
H3POA 3.300e-001 2568781.43 848000
Nacl 8.900e-002 39264188.85 3495000
TOTAL 4791000
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VARICUS CONSUMABLES (1996 prices)

CHROMATOGRAPHY RESINS

Process Unit Cost Annual Amocunt Cost
Step { $/L) { L) { $/yr |
c-101 3.00 131,583 394.5%
SUBRTOTAL 394,59
TOTAL 394,58
HEAT TRANSFER AGENT : Chilled Water {35.00 $/10"6 kcal)

Process Step Duty Annual Amcunt Cost
Name { keal/h } (106 kcal ) { $/yr )
v=-102 48551.4 16 1000
v=-103 B1688.6 27 1000
CF=-101 T036.7 25 10090
SUBTOTAL 3000
HEAT TRANSFER AGENT : Cooling Water (25.00 5/10"6 kcal)

Proceass Step Duty Rnnual Amount Cost
Name { kcal/h ) (1076 kecal ) { $/yr )
R-103 151179.0 4% 1000
SUBRTCTAL 1000
TOTAL ' 24000
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