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B. Computerized Run Sheets For Catalyst Screening Studies




SUHMMaARY FOR RUN ¥ 19a—9%5 S EEME

CﬁTALYaT NUMBER ¢ 197-15% DATE + 1/72/80
ATOMIC FORMULA ¥ CuCrCoin SK 11
CAHTALYET SUPFORT ¢ HNONE
FREF METHOD: Evasroretion REDUCTIONY Reduced by 2X HZ in N2
BULK DENSITY'*': 1.24 gn/ce RE4CTOR TYFE! Flug Flow
TEST KUMEBER 1 2 3 4 sk
TEST COMDITIONE ¢
FEED H2/80 RATID ;.60 3:60 1.460 .60 2. 40
FEEDT COZ2 12,060 12.04 12.00 12.00 12,00
AVE, TEMFP.r C 238.0 248. 0 2%9.0 27240 364,:0
HOT SFOTy © 239.0 249.+9 26140 274.0 344,0
FRESEUREYy reig P0%.0 905.0 200.0 00,0 0. ¢
VHEY, 1/hr/ksm cat. 13592.,0 3449.0 32361.0 245B.0 3398.0
HOURS onn STREAM 242 3.7 S.,0 b4 6.9
kFH +0 + 0 . 0 G 0
CONVERSION
£0 to Prods.r volZ 6.4& .88 B+40 15.84 ?9.50
££0 to G022y volX% 2+26 2.22 3:+50 io.16 00
Cd: 2m molsnr/kem cat. 2423 2412 204 6.82 25.90
ETY of nusSEna£e5(2}

= ERlShr/bks2m o=t Y S7 T x4 1.24 400
STRICHIOM. HZ2/C0 converted 1.,%¢ J.92 3021 2486 3441
CARBOMN SELECTIVITY (Normglized Mol on CO2«free Ersis) 1
CH3IOH 4,29 7435 7.:591 8.04 s GO
CZ~-Cé ALCOHOLS 24497 20.463 22,92 - 20.68B . 00
Cé-0é ALD.REETERE .58 2429 2.27 1.1% 00
CH4 30,92 40,78 41,38 45,42 @1.00
Cz2-U3 HYLROCAREONS 15.55 17.37 13.31 14.73 &, 00
C4+ HYDROCAREONS 16477 11.6& 11,20 ?.88 3+00
APPROACH To'%?
WEE Emuilibriums C
CEREON ACCOUNTABILITYs % (4) 23,2 88.7 112.1 i22.¢6 04,7

(1} Frepshr norn-reduced cstalust.
{2) Spzee Time Yield (STY) = VHSV/22,4 ¥ #%C0 in Teed/100 % ZC0 conv./30¢ ¥ XSel
to Ouxwgenstes/ /100,
(3) Defined 28 T = 1 #a - T hs
uhere T e = water g3s shift ecuilibriuon temr ¢s8leoulsztes for rescior eff.
comrosition.
T hs # hot srot temrerature.
(4 Helfined 2c¢ Cgrbon chserved in Products 4o Feed Carbon Lonverted.

¥ Temrerastdre Bunsuway.



SuMMAaRY FOR

CATALYST MUMBER ¢ 197-17
#TOMIC FORMULA ¢ CulrCoin

CATALYET SUFFURT ¢t NONE

FREP HETHDD: Evarorastion

BULK DENSITY{I)I 1,25 gdmsce

CHEM SYSTEMS INC.

RATE  1/14/B¢

EEDUCTION: Reduced bw 2% H2 in NZ

REACTOR TYFE} Plug Flow

TEST CONLITIONS 3

FEED H2/C8 RATIOD
FEEDR CO2

AVE. TEUF + 2 Cc

HOT SPOTy C©
FRESEBURE, msig
YHEV: 1/hrskgm cat.
HOURE on STREAM

FFH '

CINVEREION 3

GO te Prods.» voli
CO to CO2: wolX
£0y #m mol/hr/kem cat,

B8TY of uxsﬂenétes(z)
gm mol/hr/kam cat.,

STOICHIOM. H2/CR converted

3.20
12,00

227.0
228B.0

. F0S.0
3136.0
1.4

F+30
200
2427

P32

3,50

12,00
2%9.0
240.0
905.0
21540
2.5

.D

?.40
80
2,53

144

7B

CAREOM SELECTIVITY (Normalized Mol¥ on CO2-free Basis) |

CH3OH

£2-C6 ALCOHOLS
C2-0é6 ALD, SESTERS
CH4

£2-£3 HYDROCARBONS
CA+ HYDRDCARBONS

aeproACH T0¢P)
Use Ecuilibriums C

CARBON ACCOUNTARILITY., X (4)

.20
3.40
8,40

25,40

25,50

22,50

2.28
13,58
4,466
29.47
26.54
24,38

1y Freshr non~reduced catalust:
(2) Brace Time Yield (87TY) = VHSV/ZZ.4 ¥ “CO in feed/s100 X YCD conw. /100 % Zﬁel

to Hyu=z=senates /100,

(3) Defined ss T = T ea - T hs

where T eg = water gae shift eguilibrium tear czlculated for resctior eff.
comFRsition.
T hs = hot szrat temrersture.

(47 Bpfined as Larbon cbserved in Producis ty Feed Carbon Conmverted.
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| . CHEM SYSTEMS INC.

SuUMMARY FOR RUN # 2201-—046 ) }*E ms (:

CATALYET NUMBER : 197-20 . DATE : $/22/80

QTDH;C FORMULA ¢ CuCrfIBCO.sZn'49K'O9

CATALYST SUPPORT ¢ NONE

FREF HETHOD: Evaroration ] . REDUCTION: Reducwd bw 2% HZ in N2

(1)

BULK. DENEITY { 1.42 sm/cc - REACTCGR TYPE! Plust Flow

TEST. NUMBER 1 2 3 4 5

TEST COHDITIONS :

FEED H2/CD RATID .. 3.40 T.60 3.40 I.40 .40

FEED €02 12.00 12.00 12.00 12.00 1i2.00

MDT BPOYy C 240.0 250.0 262.0 275.0 28%2.0

PRESSUREy =sis= 205.0 ?05.0 205.0 20%.0 905.0

YHEVy 1/0r/ken cat., 30460.0 3089.0 3JI0446,0 3I0N4.0 300%.0

HCURE on STREAM 5.8 &. 4 7.1 8.2 ?.0

RFH - Uo .0 'o .o 'o

CONVERSION ¢

CO to Prods.r volZ 2.20  5.30 8.20 11.81 18.23

CO to CO2y voli 100 «00 &0 2.99 7477

Gﬂr gm wol/hr/kam cat., b7 1.22 2.03 3«43_ 5.91

STY of oxusenstes >’ ’
n-molshr/kem cat. 10 «1B + 23 2% .59

SfUICHIBH. H2/CH converted _ 1,91 1.4% 1.48 1.461 1.46

CARBON SELECTIVITY {(Normalized MolX on COZ2-free Basis) 3

CHIOH | .00 80 1,18 1,13 1.14

C2-C& ALCOHOLS .40 &.80 S5.79 727 B.04

C2-C& ALD.LESTERS 11.50 7:20 S+47 2.01 4,546

CH% . : 48,90 44,460 47.10 48.463 48,324

C2-C3 HMYDROCARBONS 23,50 2%.20 25.75 25.19 22.39

C4+ HYDROCARBONS 12:.70 14,30 14.70 15.67 14,12

aPpROACH T3’
WGS Eauilibriums ©

CAREBON ACCOUNTABILITYs % (4} 59.9 &1.7 62.5 70.8 82:6

T T A S T T A S T T S L e S o . e e v Pk il o o i T e T A B ek ke B R e e

(1) Freshy non-reduced cataluost,

{2) Srzcee Tine Yield (STY) = VHSV/22.4 %X ¥CD in feed/100 % ZC0 conv./100 X ZS5el
to Ouugenates/100.

{3) liatined 32s T = T pa =~ T hs
where T ea = woter sas shift eauilibrium tear caleulated for reactor eff.

canrosition. :
T his = hot srot tenrerature.
{4) Defined ms Carban observed in Products to Feed Larbon Comnverted:
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CHEM SYSTEMS INC.
cUuMHMARY FOR RUN # 2019
CATALYST NUMEER § 197-19 DATE § 1/2B/20
aTOHMIC FOEMULA 3 CUCP‘182ﬂ449K‘07
CATALYST SUPFORT § NONE
PREF METHALD! Evaroraticn RETUCTION; Reduced huw 2% H2 in N2
BULE HENSITY‘l)! 1,99 damn/ce REACTODR TYFPE: Flus Flow
TEST MUMERBER 1 2 2 4 5]
TEST CONDITIONS 3
FZED H2/CD RATIO 3.40 3.460 3.60C 3.a0 3.460
FEEL CO2 12.00 12,00 12,00 12,40 2,00
ave, TEMP.s C 279,90 299.0 31749 33%.¢ 235,0
4YpgT SFEDT C 280.0 360,06 3ig.0 337.0 Z37.0
FRESBUREY rsid 210,0 210,90 F00.¢ 900, 0 00,0
YHSYs l/nr/kgm cat. 2042,0 2089.0 2092.9 2083,.0 397B.0
HOURS on STREAHN 3.1 2.8 4,5 5.1 .8
REH .0 0 s O 0 1 G
CONVERSION 3 ¥
COate Frods.s vwoll .81 1.32 1.43 2.8%9 Z2.14
Cﬂzto CO » wolX 4,49 5,98 G+ 37 7+41 g.3d
£0, sm mol/hr/hgm Cat. .60 .80 30 1.18 2.33%
e
5TY ef onaeenaies{‘)

g molshr/ksm cats 09 +18 114 30 W44
STOICHIGH. H2/COsconverted 1.74 '1'?5 1,29 1,58 1.33
CARBOMN SELECTIVITY (Normalized MolZ oh co -free Basis? |
CH3IOM 7,37  94.79 23,44 82.48 7i.&7
cx=La ALCOHMOLS ;OQ B o34 +00 00 + 00

_CE—Cé ALT.RESTERS + 00 +00 OO Q0 s 00
LHA i1.32 2.08 Z2.28 6,05 4,41
C2-CT MYDROCAREONS 1.32 z.12 31.28 &.37 2.9%
C44+ HYTROCARDONS 00 00 +00 00 +0D
AFEROACH TO o'

WBY Ewuiliblriums C-
CAREUN aCCOUNTABILITYy X (4D 27.3 7.4 115.2 ge.1 109,9

Freszshns norn—reduced catzlwst,
(2 Gpace Time Yimig (STY) = VHEV/22.4 X %Choin feeds100 % AClnconv. /100 ¥ XSel
Lo Ouwegsmateszs 100,
{3) befined == T = T ea — T hs
wnere T en = woter sas shift eeuilibrium tems caiculated for resctor eff.
comraaition.
T hs = hot sroil temrerabure.
t4) Defimed as Corbenm observed in Froducts tp Feed Carbon Converted.

% o 0O was canverited but CO. wes hudrosensted to 0O and H,0-
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v SUHMHMAaRY FOR RUN # 201-11 MEINC:
CATALYST NUNRER ! 197-22 DATE ¢ $/31/B0
ATOKTC FORMULA ¢ CuCr ,oZn oK oo
CATALYST SUFFORT & NONE
FREF METHOU! Correciritztieon REDUCTION! Reduced by 2% HZ im N2
(1)
KULK DENBITY . 3 1,08 gmsor REACTOR TYFE! Flug Flow
TEST HUMBER 1 2 3 4 ] L4 [
TEST COMDITIONS
FEER H2/C0 RQTID J.60 3+40 3.60 I560 3.60 3.60»
FEED 02 i2.00 12,00 12,00 12.00 12.00 12,900
AVE, TEMF.» C : 24,0 249.0 278.0 29740 IiB.0 3346,0
HOT EBFCT, C 249.,0 250.0 279.0 2%9.0 319.0 340.0
FRESSUREs reis ?30;0 920.0 " 210.0 ?05.0 00,0 go00.0
VYHEV, 1/Rr/keEm cat, 2Bl4.0 9000.0 3752.0 3I74B.0 3I8B05.0 3326.90
HOURS on STREAM 1.2 2.0 3.6 3.7 4.3 a1
RFM + O i ¢ + 0 0 +«Q + O
CONVERSION ¥ _
L8sto Prods.r volX 1.24 19 1.33 1.46 2.29 3.30
CDEtu CQ » volX . 2.846 2,51 4057 5!34 &:91 7.50
Cs gm mol/hr/ham eat, 87 - 1.34 1.23 1.33 1.94 2,31
- i ;

5TY of oxu!enstes(“) )

gm mol/hr/kem cet. + 25 09 v 27 + 28 e 44 «57
STQICHIGM, H2/COaconvertied 1.57 + 25 1,18 1.22 1.19 1.38
CAREON SELECTIVITY (Normalired Mol¥X em CO ~free Basis) |
EHIOH P9.70 94,37 97.78 91.00 29,156 82,48
C2~Cé ALCOHOLS : .00 .00 « 00 P 00 + 00 + 00
C2~-Cé& alD. EESTERS + OO +00 + D0 ¢ 00 1+ 00 00
CH4 4,30 j.al JB? + 50 723 12.78
£2-C3 HYDROGCAREONS « 00 4.23 1,33 B.5¢ 3+ 61 4,98
L4+ HYDROCAREDHS _ £ G0 00 00 - W00 « 00 . 00
aFFRoach 1003
WEE Equilibriums C
CAREON ACCOUNTARBILITY: ¥ (4} 9.1 ~ 101.0 77.8 Q0,2 8%.1 772

(1) Freshr non-redured catalvst.
12) Brace Time Yield (ETY) = VHSU/22.4 ¥ JCDoin feed/100 ¥ ZCDaeonv. /100 % %Eel
to Ouvaenztes 100, ‘ :

(Z) Defined 8= T = T es ~ T hs

where T eae = water a5 shift eavilibrium tems celculzies for reactor eff.

comrositian.,
T hs = hol serot temserztiure

{4) Dafined =25 Carbon observed in Froducts to Feed Larbon Corverted,

¥ No B0 was converted but ED, was hedrogensted to CO and HEG



SUMMARY FDR RUN  201-13
CATALYST WUMBER | 1%7-27 BATE & 2/5/780
aTOMIC FORMULA ¢ Cuﬁlozlzn‘zé 07
CATALYST SURFORT ¢ HONE
PREF METHOD: Imrregnation REDUCTION! Reduced be 2% H2 inm N2
BULEK DENSITY(l)! 1.04 Em/co REACTOR TYFE! Flus Flow
ToS5T NUKBER 1 2 Z 4
TEST CONDITIONS
FEED H2/CD RATID 3.560 3.60 .40 3.60
FEED Co2 12.00 12,00 12,00 12.00
&VE, TEMP,y C 2Z9.0 250.0 261.0 273,90
HOT E€FOTy C 240.0 251.0 262.0 274.90
FPRESEBURE, psis 823.0 220.0 ?310.0 F0S. G
YHSYs 1/hr/ksEm cat 3899.0 4238.0 4452.0 424%9.0
HOURS on STREANM 1.5 2:5 2.7 3.9
RPH ’ + 0 ] 0 e O
CONVERBION ¢
Lo tc Prods.ry volX 13.47 1B.45 20.71 24,00
0 to CO2: wvolX : -Z.A7 -4 ,3% -4,01 ~5.,00
COy gm mol/hr/ksm eat. 2.95 4,59 SePs 65.12
8TY of oxssenstestz}
gm mel/hr/ksm czt. 2.95 4.9 - 5.%1 &.410
' STOICHIOM, H2/C0C converted 2,49 2.34 2.39 2,25
CARBON SELECTIVITY (Marmalized MolZ on CO2-free Basis) i
CHIDH 29,41 98.94 28.40 8.30
C2~-Cé6 ALCOHOLS + 00 + 00 +00 L0
tE-C& ALD.LiESTERS LE59 1,00 48 1.11
ChHa +00 08 +B? + 40
- L2-C3 HYDROLDAREBONS e 00 + 00 00
CA+ HYDROCARBONS 2 00 00 Q0 +G0

AFPROACH TDtZ)

WG% Eguilibriumy C

CARBON ACCOUNTAEBILITY: % (4) B8l.1 bbb i02.5 50.8

{1) Freshs non-reduced catalust.,
{2) Sezce Time Yield (STY: = YHSU/22.4 % %CO0 in feeg/i00 X XCC comv./100 X XSel
to QOuudernatess100.
{2) Defined 32 T = T ea - T hs
where T ga = water gas shift sruilibhrium temr calculeted for resctor . eff,
camrasition.,
T he = hot srot temererature.
(43 Defimed 3z Carbon ohserved in Froducts te Feed Carbon Converted.
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© CHEMSYSTEMS INC.
SuUrMrMAaRY FOR RUN # 2XO01—1%5
CaTALYST HUﬁBER 119728 DATE 1§ 2/12/80
TOMIC y H
ATOMIC FORMULA Cucgo32ﬁ1|312no3ﬁKo09
CATALYST SUFFHORT ¢ HONE
FREF METHQD?! Imrregnaiion REBUCTION! Reduced by 2% HZ in N2
(12
BULK DENSITY t 1,78 smrec REACTOR TYPE! Plug Flow
TLST HUMEBER 1 2 _3 4
TESY COMDITIONE 3
FEED H2/C0 RATID 3.80 3.50 &0 3.60
FEED CD2 12,00 12,00 12,00 12.00
aYE, TEMF.» C 201.0 260.Q 271.0 282.0
HOT BFQCTy C 252.90 282.0 273.0 283.0
FRESEUREY Freidg 230.0 220,90 208.0 900,0
VHEYy l/hrskdEm cats 2261.Q 2289.,0 251%.0 2505.0
HOURE on STREAM T 2.5 3.8 3.5
RFM ] ] 20 + O
CONVERSION
Ct io Prods.r vol¥ 415 6.48 7460 10.70
£0 to COR, wolid +25 172 +00 2.30
CGs 2m mol/hrihgm cai, i.09 1.24 1.44 2.30
: “

STY of axﬁﬁenates(”)

sm mal/hr/kzEm cete 21 20 67 +49
STOICHIDM. HZ/CO converted 1.92 1,63 i.98 1.73
CARBOMN SELECTIVITY (Normalized Mul¥% an CD2-free Rasis) |
CH3OK 1.35 44 10,10 3.15
C2=-Cés ALCORDLS J&4 12.22 11.90 14,34
c2-06 aLD, RESTERS 14,97 S 44 24,20 Bed4
CH4 . 26,43 Zu.466 26.70 - 40,82
E2=-C3 HYDROCAREONS i®.77 26.11 15.40 17.01
C4+ HYDROCAREDNS 4,13 20,22 11,80 12.24

aFFROACH TO(BJ

WGBS Eguilibrium, C

CAREON ACCOUNTARILITY: % (4) 50.9 £0.4 BB. & 7247

e T T o = P TR T T e e e e e T rm e T e e ki e sk L U A W L T A W b e bl i A i e b S A

(1) Fresh: non-reduced cstalust.
23 Srace Time Yield (STY) = YHSV/22,4 % MCO in feed/i00 X 20O conv./ 100 X% %8el
to Ouvdgenates/100C., i
(Z) Defined 2a¢ T = T ea - T hs
where 7 ea = water 2Bz shift eauilibrium temr celculsted for reactor eff.
com=osition.
T hs = hot srot temrerszture.
{4) Iefined &s Carbon observed in Products to Feed Carbon Converted.
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SuUMMARY FOR RUN ¥ 20117
=::===::3:1:===========:===..—_'..-'_-.:':.:::::====:l======::=..-:===:====n=n===.—.=====::======-=.—.:
CATALYST NUMEBER 1 197-29%9 DATE © 2/23/80
&TOMIC FORMULA 3 CuCr‘14Co‘752n'5K'12
CATBLYST SUFRPORT 3 NOME
FREP MTTHOD! Correciritstion RETUCTION: Reduced be 2¥ H2 inm N2
BULK DENSITY(1)3 1,29 amsce REACTOR TYPED Flug Flow
TEST NUMERER 1 2 3 4 5
TEST CONDITIONG 3
FEED H2/60 RATIC 340 360 3«60 3:40 3.480
FEEL €OZ 12.00 12,00 12.00 12.60 12.60
AVE. TEMP,.,s C 242.,0 252, 283.0 274.0 285, 0
HMOT SPOT» C 244,0 253.90 2E5.0 274.0 . 287.0
FRESSUREyY psig 210.9 205.0 200,90 200,90 FOG.0
VHESYy 1/hr/kEm cat. 3214,0 3280.¢ 3I325.0 338o.0 3438.0
HOURS on STREAH = 1.4 2+ 4 2.2 .7
RFHM + 0 « + 0 0 0
CONVERSION ¢ .

C0 to Frods.s volX 8.45 B.24 10,29 12.44 19.27
GO0 to CO2» volX +45 +98 2.11 4.06 P73
C3sy gw molshr/khsm o3t 2.17 24+29 213 4.25 7+54
- )
ETY of puysenazies 2)

dm mol/hr/ksm cat.. +20 .34 i 44 - + 78
STOICHIOM. HZ/CO canverted 1.55 1.,4% 1.58 1.45 1,24
CAKEON SELECTIVITY (Normalized Mal¥% on CGZ-free Rasis) !

CHIOH 00 .22 1.20 1.32 120
c2-C4 ALCOMOLE 2.74 1Z2.24 74+83 10,97 g.58
£2-Cé ALTLEESTERS 6.74 3.:30 4,58 .61 . 5472
CH4 317,41 45,42 3I9.048 42,68 15,74
C2~03 HYLROCAREBDONS 33.41 17.1% 23.86  24.31 23.32
a4+ HYDROCAREBONE 192.40 20,92 23.49 14.01 13.24
AFPFROACH TG(3)

LE8 Eauilibriumse €

CAREBON ACCOUNTABILITY: X (42 42,2 50 6241 7.1 8.1

Frezhy mon-reduced cztalust,
Srece Time Yield (BTY) =
to Oussanstes/100.

Defined 2 T = T ea =~ T hs

UHSY/22,4 X JACO in feed/100 ¥

“C0 cohv./100 % %Sel

where T ea = water =Zss shift eguilibrium temr ecaliculsted for rezctor eff.

comrosition.
T hs = hat srot temrarzture.

{49

Lefirned a3z Carson observed in Froducts to Feed Cerbon Converted.
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SuUrMMaRY FOR RUN £ 201-—-22 C S Smc
CATALYST NUMBER 3 197-1 NATE + 2/29/80
BTCHIC FORMULA ' Culr _Cek
. 0%
CHTALYST SUFFORT & NONE
FREF METHOD? Evasrorztion ’ REDUCTION! Reduced by 24 HZ2 in NZ
(i3
FULK DENSITY t 1,446 En/roc REACTDR TYPE: Bertw
TEST HWUMRER i b I 4 S &
TEST CONDITIONE 3
FEED HZ/CO RATID 3.:460 J.&0 3., &0 3«80 - 2400 2,00
FEEDI CO2 12.¢0 12.80 12,00 12,00 5.00 S5.00
AVE. TEMF.s C 28i.0 254.0 260.0 281,00 256G.+0 260.9
8T EPLOY. E 25140 254.0 2460.0 261.+90 280,90 260,0
FREGSURE Y rsisg g85.0 B885.0 g88.0C e85.,0 385.0 E25.0
VHEY, 1/he/ksm cat. 204 .0 &88.0 2B440,¢ 779.0 2881i.0 745.0
HOURSE on STREAM .1 5.3 Y 1i.1 12.7 17,0
HPH 1710.0 1720,0 31700,0 1700.0 1700.0 1700.0
CONYERSION &
CO0 to Frods.s voli i8.3¢ 36474 14.53 47 .54 4,44 16.24
C0 to CO2ry woli T+ 24 ?054 227 15.9& 2:.14 9,28
CGos =r molshr/kdgn cat. 470 2,40 2.80 4,30 2,49 2,40
" .

STY of oxudenates =

2m mml/hrz"hﬁm Cato 433 12? 46 38 24 + 21
STDICHIDM- H2/CD ecoanverted 1.80 1.63 1.04 1.56 +21 1.15%
CARBON SELECTIVITY (Normalized MolX on CO2-free Basis)
CHZDH . 2119 2.14 4.41 3&3? 7169 6191
cz-C4& ALTOMBLE 4.81 11.71 10,17 B.41 iZ2. &1 13,46
CZ-C& ALDL.SESTERS +CO0 00 + 00 + 00 .00 » 00
CH4 40,87 35.401 48.15 58.74 44,08 40,30
2«3 MYDROCARBONSG 25,048 3048 22,52 20,14 21.01 27 .47
Cat+ HYDROCAREONS 25,08 20. 4% 12,74 8.81 13.61 il. 44
APFROACH TD(S)
WES Eeuilibrivums ©
CAREBON ACCOUNTAEBILITY. % (43 B4,2 102.3 B&4.% i04.1 0.5 94,5

(i) Freshs non-reduced cztslwsti.

t2) Eraceé Time Yielg (STY) = UHEV/Z2.4 % oo in feed/100 & ZCO conv. 100G % ¥ESel
to Ouugenztes 10¢.,

{2y Tefined as T = T ee ~ T hs

where T e = water sss shitt eauilibrium temr calculated for rescier eff.
eoamsosition.
T hs = hot srot temrersture. :

t4) Defined =2& Carbom ohserved in Froductis toe Feed Carbon Converted.
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SUMMARY FOR RUN # 201-22 CHEM SYSTEMS INC.
CATALYST NUMBER § 197-1 DATE t 2/29/80
ATOMIC FORMULA | CuCr BCaK 05
CATALYST SUPFORT ¢ NONE
FREF METHOD! Ewvaroration ’ REITWWCTION?! Redurced by 2% HZ in N2
BULK DENSITY(ijt 1,446 Zm/co REAETDR TYFE! EBertw
TEST NUMRBER 7 g8 b i0
TEST CONDITIONS !
FEED H2/C0 RATID 2,00 2,00 2,00 2.00
FEED CD2 9,00 S5.80 2.00 5.00
AVE, TEMP., C 240.0 259.0 2599.0 258,90
HOT SPOCT: C 260.0 259,080 259.0 258.0
PRESSURE! Fsis BBS!O g859.0 BB5;D g85.0
VHSVy L/hr/kem cothe. 2519.,0 2644,0 2843.0. 2722.0
HOURS g STREAH 18.2 19.5 20.7 22.1
RFH ) 2000.0 1700.% 1400,0 1000.0
CONVERSIDON ¢
€O to PPQdS!J VDIZ 4010 I.93 4-04 4,28
C0 to CO2» volZ . 1.90 1477 1.664 1.32
£0s =#m mol/hr/kem est., 2.00 1,90 i.90 1.90
”

STY of oxusenstes <’

gm mal/dkr/k=2m cat., 30 + 29 + 35 L 42
STOGICHIOM,., H2/L0 converted « 39 . P9 +8B6 1.07
CARBON SELECTIVITY (Normaslized Mol¥ en CO2-fres Rasis) @
CHIOH _ 741 8.54 9.74 ?.54
C2-Cé al.COHOLS 14,64 13,78 17.37 19,461
CE*C& ﬁLD!SESTERS 000 ‘00 .00 ) aOO
CH4 47.87 49,18 47,03 44,05
B2-C3 HYODROCARRONS 20.2 20.48 192.07 1B.54
C4+ HYLRQCAREDNS .73 8:.12 B 2.24

AFPFROACH TD(3)

WGE Eauilibriums C

CAREBON ACUDUNTABRILITY: X% (4) 2&.3 F0.7 B?.4 85.0

(1) Freshr non-reduced estalust.
(2) Sepace Time Yield (STY) = UYHBU/D2.4 % %00 in feed/100 ¥ L0 conv./100 X ¥Sel
ta Dx=denates/1480.
{3} Defined 25 T = T ea -~ T hs
where T ga = weter #£25 shift eeuilibrium teme caelculated for resctor eff,
conrosition.
T ns = het seot temrersture.,
£4) lefined z2s Caribon abserved in Froducts to Fsed Carbon Converted.



: CHEM SYSTEMS INC.
sUuMMaRY FOR RUN 201 —-32
CATALYST MUMBER 3 19730 TATE ¢ 3/1%/80
ﬁﬁGHIC FORMULA * £”8°.65h1.21z”.36“*1
CATALYST SUFFDRT 3 HONE
FPREF METHOD: Inrregnation REQUCTICN: Reduced e 2% HE in HZ
BULK DENSITY(lbt 1.69 2m/ce REACTOR TYPE: Plug Flou
TEST HUMEBER 1 2 3
TEST CONDITIONS ©
FEED H2/CO RATIO 2,080 2.00 2+00
FEED COZ 5.00 2.00 5.00
AME, TENP.s C 220,90 241.0 263.0
KOT SFOT: © 220.4 242.0 2¢63.0
PRESSURE! peig . ?25!0 92010 220.0
yHayy 1/hr/ksm cats 03128,0 23I%5.0 2371.0
HOURS on STREAM 1.6 2.5 Jed
RFH 0 ] 0
CONVEREION
CO to Frods. e valXx +20 2062 &.55
cl to CGZ» vol% 1.00 1.98 Ta &Y
COr 2w mol/nr/kgm Rat. 54 1.34 3.60
o)

sTY of axgsenatEE(‘>

Zm mol/hrskdga cat. 02 10 .47
sTOICHION, H2/L0 converted 1.19 1.22 + B0

CARRBON SELECTIVITY (Nogrmalized MolZ on cor-free Easis) 1

CHIOH 1,06  1.75
Cc2-04 ALCDHULS [ 4,88 3.%91
Lo~ ALL,2ESTERS L 00 7.72
CH4 10,71 32.11
Co-CZ HYLROEAREONS 21,80 28,25
G4+ HYDROCAREONS 22,05 26,67
sppRoacH 107

WGBS Emuilibrium: [

CAREON ACCOUNTAEILITYs % (4) 66.0  80.1

1.8%
10,61
11.73
28.86
27,28
2T.49

Ffesh» nob-reduced cetelusb.
Srzee Time Yield (8TY) = YHEVA/Z2,
Lo Duudenates/100.
Netined a2 T = T ea -
where T eq

T hs

CORFOSitLign.,
T ns = not srot Ltemperatuare.,

{47 Defined &8s Carbon ahservend in

Frodgucts to Feed Casrbon

4 % %CO in feed/100 X %CO convs /100 % XSel

= water gas shift epuilibrium iemr ralculated for rezctor eff.

Caonverted.
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SEUMMARY FOR RUN & 201-—-34 SYST ’
CATALYST NUMBER + L197-2 DATE ! 3720780
ATOMIC FORMULA § CuCrCoZn K
2125 .11
EATALYST SUPFOGRT ! NONE
PREF METHOLD! Evarorstiorn REDUCTIOHN! Rediged b2 2% H2 in NZ
{

BULK DENSITY 1>: 1,49 dm/cco REACTOR TYFE! Bertw
TEST NUMERER 1 2 3z 4 3 &
TEST CONDITIONMNS ¢
FEED H2/C0 RATID 2+00 2:00 2.:00 2.00 2.00 2040
FEED g2 S+ 00 5.00 .00 .00 S.00 ALY
AVE, TEMP.y C 250.0 248,0 26140 260.0 2629 262,06
HOT SFCTs C 251.0 25¢.0 283.0 262.,0 252,90 2563.0
PRESSURE: rgis B890.9 god,0 890.0 B?5.0 8925.0 825.0
VHEVs 1/hr/kdm cat. 247%.0 3%19.0 231a4.0 2354.0 2351.0 40%2.0
HGURS on STREAM i.1 3.7 44 74b 8.5 10.2
FF i 146926.0 1700.,0 1740.0 700,0 1420.0 169C.0
LCONVERSION ¢
CO to Prods.r volX 1.59 .99 2,73 2,40 2,18 1.85
€0 toc CO2s volX +351 +11 7 1.00 B 1 35
CQy =m mol/he/kam cat. + &3 1] 1,03 + 97 +B7 1,13
37TY of DXHEEhatES(Q)

d4m mol/hr/ksm cst. 00? !13 +12 14 .15 24
STOICHICHM. HE/CO gonverted 1.89% v A3 + 83 +02 14 .22
CARBON SELECTIVITY {(Hormslized Hol% on COX-free Basis) 3
CH3IOH + 00 PRee 81 + 83 1,12 ‘34
£2-Ca ALCOHOLE 3.%7 82.24 31,80 1.84 1.68 1.47
C2-C6 ALL.EESTERS 14,45 i8.52 13.12 i%.82 21.95 23,41
CH4 45,30 44.54 41,37 4%.41% 4669 55,84
C2-CZ HYDROCARLOHNE 18.92 16.15 33,84 18.41 17.48 17,832
Ca+ HYDRDCQRBDNS 156.%93 12.239 2,38 77 11.18 7438
RFFROACH TD(E}
WGES Eguilioriums C
LAREON ACCOUNTABILITYs Z (4}  1032.8 4.0 102:1 Bd. 4 ?7.4 &6.1

Fresn: non-reduced catzlus
(2 Spzee Time Tield (STYY =

to Oxudenates/ 100,
12 DBefimed T=Tea - T hs

s5

b,

YHSY /22,4 % %COD in

Teed/ 100 %

HCO ecomv./100 %

wherg T #r = water sgass shift ecuilibrium temer cslculsted for rezctor off.
com®Easition.
T hs = hot srat Yemrercture,

lofired as Carben abserved in Products to Fegd Carban Conwerted.

XEel
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CHEM SYSTEMS |
gsuUMMaAaRY FOR RUN # 201-34 FBHC

::===-=‘—'=ﬁ.':=============--====.‘L‘====ﬂ=5:«".'-":==IIﬂ=.":=====ﬂ=========B=$======--=====3=
CATALYST NUMEBER | 197-2 DATE ¢ 3/20/80
TDHM] :
aTOKIC FQRHULA CuCanZn’ist’ii
CATALYST SUPFORT ¢ NONE
PREP METHOD! Evazroration REDUCTION: Reduced bs 2% HZ2 in N2
puik pENSITY' )1 1,69 smsce REACTOR TYPE: Rertw
TEST NUMBER 7 8 9 10
TEST CUNDITIONS ¢
FEED H2/C0 RATIO 2.00 2.00 2,00 2,00
FEED CO2 5.00 .00 5.00 5.00
AVE. TEMP.» C 26%.0 271.0 272.0 26%.+¢
HBT SPOTe C 270.0 271.0 273.0 271.0
PRESSUREr psis §00.0 B835.0 895.0 825,.0
VHEYy 1/hr/Skdm cat. 2715.0 2132.0 795.0 746,0
RPH 1700.0 1706.0 1710.,90 700.0
CONVERSION
¢o to Prods.s wolX 2,27 4,03 15.18 12.52
Co te CO2r volX . +53 1.77 11,02 8.78
£Ds om mol/hr/kdam cat. 1.31 1.:54 2.58 2.12
gTY of oxuianates‘z)

gp maol/hr/kge cat. + 29 26 34 + 32
STOICHION. HZ/CO converted 1,07 1.4% 1.43 1.54
CAaRBON SELECTIVITY {(Normalized Mol¥ on CO0z-free Basis) H
CH3OH 4,07 5,47 5.35 T 4,93
oa-0& ALCOHOLS 10,97 2.64 12.42 13.10
C2-Cé ﬁLD.&ESTERS 12.20 7.20 5.87 r2Y--
CH4 49 .93 51,49 51.7& 44,22
£2-£3 HYDROCARBONS 146,44 17.5% 17.60 21.0%
C4+ HYDROCARBORNS - &.+2% be7& 590 9.01
APPROACH TD<3>
WGBS Epuillibriums O
CARBONM ACCOUNTARILITY: Z (43 BY .2 83.& 85,1 2%.0

__...-_.--...___....,._........—___-....._....-__-_.--.-—-___..-..—_.--—__.-_.-——-;—_—..-._———p—__q---.-.--—__.u—---—-

(1) Fresh: non-reduced catslust.
{2) Srace Time Yield (BTY) = YHaU/22.4 % %CO in feeg/100 % %CO conv./100 * %sel
to Oxusenates/100.
(3 befiped a5 T = T em - T hs
where T ea = uatier gas shift equilibrium temp caleulated for rescter eff,
romposition.
T hs = hot srotb tenrerature.
(4} Defipes es Carben opcepved in Froducts to Feed tarbon Converted.
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SUMMARY FOR RUN # 201-37 '
CATALYST MNUMBER § 1%97-32 NATE &+ 3/27/80
ATOMIC FORMULA ! CulrCoZn =
§12-J ill
CATALYST SUFPORT © NONE
PREP METHDN! Evzesrstion ) REDUCTION: Reduced be 2% HZ in N2
[
BRULK DENSITY i 1.98 gmSco REACTOR TYFPE: Rertu
TEST NUMEBER 1 2 3 4 bt &
TEST CONDITIONS 3
FEED HZ2/7C0 RATIO 2,00 2.00 2,00 2,00 2.00 2.00
FEED COD2 5.00 3.00 3:00 3+00 G:00 S+.00
AYE: TEWMP.s C 249,90 249.0 230.0 AEG. 0 248.0 2E?.0
HOT SPQTy C 24%.0 249.0 230.0 24,0 2&8.0 29,0
FRESSURE, rsid 825.0 3295.0 1379.:0 E95.0 B?Y.0 825.0
VHEV, 1/hr/kem oat. 2905.0 461,90 &80.,0 A9L0.,0 2470.0 Ji2.0
HOURS on STRE&M 2.1 4.5 4.5 4,5 8.1 10.0
EFM 17¢0.,0  1920.8 1900,0 1480.,0 A1700.,0 1700.0
CONVERSION ¢
Ch to Frods.: vol¥ 1.43 4.80 S. 630 1.49 .75 8.02
COD tea CL2y volX 119 2,10 2.5 21 74 6+08
COr gm mol/brikam cat. 30 80 49 1.04 i.¢08 1.57
STY of awuaenates <’
2m mol/hrAkam cat. +11 12 +12 +24 23 £ 23
STOICHIDM., H2/CD converted 1.03 1,50 1,44 -5t 1.19 1.G5
CARBON SELECTIVITY (Mormalized MolZX on . £ED2-free Hasiz) ¢
CH30H + 45 + 57 44 .00 W 7 1.58
. L2~-Cé& ALCOHOLS 3:40 5,31 4,35 .49 7.48 &+ 33
C2-C4% ALD,RESTERS 22.11 17.0% 12,148 0. 46 ig, 21 19.2%
CHY- 45,03 41,97 40,06 4576 40.95 42.71
C2-C2 HYDROGCAREOHS 14.40 16,93 17.27 14,84 14,33 17.22
£4+ HYDROGCAREBOMS 13.81 19.10 ig.72 15,43 l14.84 14,97
(1.
APEROASH TO ]
WGS Eauilibrium:, C
CARBON ACCOUNTABILITYs % (42 &34, 6 74,8 F247 5.4 £5.8 74,9

(1) Fresbs nor~reduced catslust.

(2) Srace Time Tield (5TY) = VHESV/Z22.4 ¥ XCO in feed/100 % %L0 conv./100 % %Se]
to OUnssenates/ 100,

(3} Definmed 3¢ T =T ea - T hso

where T eq = water g28s shift esauilibrium temr calcoulsted for rezotor eff.
cukirosition,
T hs = hot seroft temrerature.

(4; Dafined as Carbon pbgserved 1n Productiz to Feed Carbhonm Converteo.
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syUMMaRY FDODR RUN % 201—37 C PBMC
CATALYST WUMBER ¢ 197-32 DATE + 3/727/80
ATOMIC FORMULA ¥ CuCrtoin 1”5“ 14
CATALYST SUPPORT - { NONE
FREP METHOD! Everoration REDUCTION: Reduced bw 2% HZ in N2
1)

RULK DENSITY( t 1.8 sam/ce REACTOR TYPE! Rertiw :
TEST WUMEER 7 8 4 10 11 i2
TEST CONDITIONS &
FEET H2ACD RATIO 2,00 200 2.00 2,00 2,00 2.00
FEEDR CO02 5.00 S.00 5.900 5.00 5.00 5.00
AVE, TEMF.r C 271.0 270.0 264.0 287.0 o8z, . 28BB.0
HCT SPOTy © 271.0C 270.0 266,0 287.0 28%.0 ZBB.0O
PRESSUREy epEid 1275.0 1275.0 425.0 ?15.0 15,0 F10.0
UHEYy 1/0r/kdm catl. £91.0 2498.0 455,0 2713T.0 264646.0 714640
HOURS on STRE®HN - 11,7 12.2 13,1 14,9 16.¢ iB.1
RPH 1690,0 17¢0,0 1720.0 1720.0 &00.0 1720.0
CONVEREION | ) _ ]
£o to Frods.r volZ 10.94& 4.09 5,02 4,51 4,11 ig.71
C0 tp CB2r vol% 7.94 221 3.798 2,09 1.46% 12.39
L0y 2Zm mol/shr/hdam pati .63 1.96 +73 2!23 .93 _ 2186
STY of stsenatestza

sm mol/hr/ksn cat. (18 + 32 «12 « 31 ' 29 44
STOIGHIGK. HZ/E0 converted 1,02 1.01 + 87 1.23 1,34 +Fh
CARKON SELECTIVITY (Normslized MolX on CO2-free Basis)
CHEDH 1'?3 2031 1|43 !00 .OO *00
C2-04 ALCOHOLS 4,48 6,93 7.71 2G.04 [21.4?] 26,24
c2-cé ALT. XESTERE 12.41 18.72 20.43 LO0 00 L 00
CH4 446.38 42,53 44,44 90,75 49,84 44,20
C2~02 HYDROCARBONS 19.83 17,57 v,14 1g,58 19,21 12,01
44 HYDROCARHBONS i5.17 14.95 ?.846 10.53 F.4é 11,47
AFFROACTH TU(S)
WGS Eguilibriums €

CAREQON ACEDBUNTABILITY» % (4) 81,9 74.1 74.1 g5.2  B88.8 22.5

(1) Freshy nom-reduced cstaluest. :
(2} Srace Time Yield (85TY) = UHEY /2.4 ¥ %C0 in feeds/100 x X200 conv./ 100 ¥ ZEel
: tp Onxudenstes /100,
(%) Defined = T = T ee - T hs :
where T ec = water gas shift eauilibrium temer celculested for reactor eff.
comrositicn.
T he = hot srot temrerature.
(4) Defined =t Carbon observed in Froducts to Feed Carbon Cocnverted.
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CHEM SYSTEMS INC.
syuMMaRrY FOR RUM ¥ 201-37

CATALYST NUHBER § 197-32 DATE ¢t 3/727/8%
ATOMIC FORMULA 3 CuCrqun.125K.11
CATALYST SUFPFPORT ¥ NONE
FREF METHOL! Evsroration " REDUCTION! Reduced by 2% H2 inm N2
ULk DERSITY 174 1,38 ansee REACTOR TYPES Berbs
TEST HUMBER i3
TEST GCONDITIONS 3
FEED H2/CD RATIOC 2.00
FEEL ED2 5,00
BYE. TEMF.» C 243.0
HOT SF0Ts C© 243 .0
PRESSURKE, poid 210.0
VHSVs L/7nr/k3m cat. 2422.0
HOURS on S5TREAM 20,0
RFH 1700.0
SONVERSION 3
CC to Prods.: volid- 48
Cg to CO2: wolZ 02
COr #gm mol/hr/kdm cat. v21
81Y of oxssanatescz)

#mn mol/hr/kdm cat. +04
STQICHIOM,. HZ/CO converted 2441

CARBON SELECTIVITY (Normalized MelX on CQ2-free Baesis) @

CHIOH .00

C2-Cé ALCOHOLS 00

C2~-L6 ALD.EEETERS 28.79

CHA 45,190

£2=C3 HYDROCAREDNS 14.8&

CA+ HYDROCARBONS 11,25
(3}

AFPROACH TO
UGS Equilioriums C

CARRON ACCOUNTABILITY % (4) g4.4

{1) Freshs mon~reduced catslusi.
{?) Spece Time Yiald (STY) = YHEV/22.4 ¥ %CO0 in feed/100 % ZCO conv./ 100 % %Sel
to Oxwsenstes/10Q.
(3 Defirned 32 T = T ea - T hs
where T ea = water S35 shift esudlibrium teme calculazted Tor resctor eff.
composition.
T Az = hot srot temrerature.
{4) Defined =s Carborn observed in Praducts to Foapd Carbon Converted.



{1} Frech: non-reduced catalust,
(23

tg Owugegenstes/100.
(Z) hefined 3s T =7 #a = T hs

CHEM SYSTEMS INC.
ayrMMARY FOR RUM ¥ 201 -—-430
CATBRLYST NUMBER { 197-1 DATE ¢ 3/731/E0
ATOMIL FOGRMULA ! CulrCoin 1°5K 11
CATALYET SUFFORY § NONE
FREF METHOL: Everoration REDUCTION: Reduced by 24 H2 in N2
)
HULK HENSITY{1 P 1.6% Sm/ce REACTOR TYPE! Plug Flow
TEST NUMEER 1 2 : 3 4 S 5
TEST CONBITIONS !
FEED H2/C0 RATIO J3.50 3.50 3.50 T 50 3.50 3,50
FEED CO02 12,00 12,00 12.00 12,00 i2.00 i2.40
hUEp TEMPo! C 26100 2867.0 2B0.,0 283-0 230&0 2B0.0
HGBT SPOT: O 262.0 68,90 281.0 28B4, G 281.9¢ 281.0
FRESSUREs rsis 20,8 240.90 40,0 Q40,0 e20.0 P20.0
VHSVY: l1/hr/kdm cat. 227%.0 2195.6 2217.0 2284.0 221,09 2099.0
HOURS on STREAM + T 25.8 73.5 75.5 80.9 28,3
EFM 0 .0 +0 0 ) .0
CONVERSION @
L tc Prods.s vol¥% .87 7.01 11,14 164,47 13.2¢ 12,461
E0 to COZ2» valZ 1.53 i,99 4,26 4,83 1.80 2,99
tor zm mol/hr/ksm cat. 1,40 1.40 2,88 3.80 2.60 2:.40
ETY of axuﬁenatES(ZJ
gm mol/hr/kgm cat. .14 138 + S0 + 76 .1 1 69D
STOICHION, H2/C0 converted 1.56 1.45 1.11 1.531 i.75 1,462
CARBON SELECTIVITY (Normalized MolX on COZ-free Bzsis) |
CH30H 14 2,32 2,77 3.10 2.72 .10
L2-Cé ALCOHOLS 227 2.70 2,04 B.02 5.11 4.88
C2-Cé ALD.XESTERS 10.92 23.67 19.08 14,87 20.91 21,31
CHe 44.81 40,035 43.14 41,39 31.48 38.21
L2-C3 HYDROCAREBONS 21.84 17.20 19.77 1i8.862 25,23 18,33
C44 HYLROCAREBONS 18.01 12,067 12,38 214,10 14.43 14,17
AFFROACH T0 S’
W68 Equilibriwums C
.CERBDN ACCOUNTABILITYs X (4) 84.4 ?9.5 g1.4 92.8 793 Es.8

Srace Time Yield {(8TY} = VHSY/22,4 % %CO in feed/100 ¥ ZLCO conv./100 % ASel

where T ea = wster dzs shift ecuilibrium temr caleculated for resctor eff.

comrositinrn.
T hs =
(4)

hoi srat temrereture.
Detined 3s Carbon observed in Froducis to Feed GCarhen Converted.
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. . CHEM SYSTEMS INC.
SUMMARY FOR RUN # 20143

TR S NS S S PR EERNTORSSSES S RIS IOROEEA RN RO N WX E DD é::- ===:F8 b+ + £ 4 i)
CATALYST NUMBER ! 200-27-2 DATE ! 4/8/80
ATOMIC FORMULA & CuanE.STh;SZnaIZSK.ZI
CATALYST SUPPORT ! NONE
PREP METHOD?! Evaroration REDUCTION? Redueed bw 2X¥ HZ in N2
BULK DENSITY‘l)S 1.31 ga/cec REACTOR TYPE! Bertw
TEST NUMBER 1 2 3 & 3 &
TEST CONDITIONS I
FEED HZ/C0 RATIO 2,10 2.10 2,10 2.1 2,10 2.10
FEED CO2 5.00 Y00 5,00 5:00 500 G400
AVE, TEMP.: C 249,0 248,00 243,90 238.0 248,00 247.0
HOT HPOT, C 250.0 249.,0 245.0 239.0 248,0 248.0
PRESEURE: esis 8%5.0 895.¢ 440,90 885.0 1480.0 885.0
UHSV> 1l/hr/kdn cat. 2975.0 2824.0 1526,0 3115.0 4983.0 2837.0
HOURE on STREAM S.6 0.8  14.9 17.5 19.1 21.4
RPH 1700, 1700,0 1700.0 1700.0 1700.0 1700.0
CONVERSION ¢ . .
CO0 to Prods.r wvolX 34,56 28,469 19.47 17.5% 21.11 z1.78
CO te CO2r volX 340.43 246.63 16,92 14.48 156,54 19.68
COs dm mol/hr/kam cat. 24 .40 19.30 5.70 12.40 23.50 14,80
STY of oxssenates(zé . _

=m mpl/hr/ksm cat. 3.51 2.28 +84 t.75 2.565 1.97
STOICHIOM. H2/CO ean#erted .31 + 7% 1,00 +B8 .88 + 70
CARBON SELECTIVITY (Norealized MolZ or CO2-free Basis)
CHI0H 2.02 1.8% 2.86 1,80 2.51 2.23
C2-Cé& ALCOHOLS 18.51 15.04 i4,.98 14,73 156425 17.45
c2-Cé ALD.IESTERS 5.50 5.94 9.03 ?.43 8.93 567
CH4 20.41 21,58 23.79 17.7é 21,26 21,22
C2-C3 HYDROCARRONS 24.11 256,42 27.58 25.58 27.14 27.71
CA+ HYDROCARBONS 2%.78 2%.12 22.13 30.64 23.93 25.44
approacH 103’ ,
4G5S Eeuilibriuar C §5.00 120,00 173,00 178,00 178.00 14%.00
CARBON ACCOUNTABILITY, X {4) BB.& 8z.4 83.0 78.2 e XY g0.1

b L Ak A A L S A M U Y M B e e ek ALk A M e e . ki et

Fresh» non-reduced catalust.
Seace Time Yield (BTY}
to Oxudgenates/100.
Detined 3« T = T ea - T hs
uhere T e

{1}
(2

(31

compasition.
T he = hot srot tewrerature.
(4)

e AR A L T T ko e e L A A e

YHSY/22.4 ¥ XCO in feed/100 X XZCO conv./100 % X3el
water sas shift ecuilibrium temr calculated for resctor eff.

Defined as Carbon cbserved in Products to Feed Carbon Convarted.
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SUMMARY FOR RUN % Z01—48 CHEM SYSTEMS INC.
CATALYET NUMBER : 1%7o1 T DATE @ 4/22/80

ATOMIC FORMULA ! CuCr BCDK 0%
CATALYST SUPPORT 1 HONE

_.__--...—.-—_._...._....._——_.____..——__.....-.-....—.....-—-..————————_-—...-_-_.-......._--.--—---._-—....—_..._.....-.—_..__....

FREF METHOD: Everoration
BULK DENSITY'17: 1,46 smsec
TEST NUMBER i
TESI CONDITIONS 3
FEEL H2/C0 RATIOD 2.00
FEEn CO2 9,00
RUE. TEHP.? C 258;0
HOT SPORTy € 256,0
FPRESSURE: maois Q20.0
PHESYs 1/hrskdm cat. 31592.0
HOURS on STREAM 4,1
RF#M 1700.,0
CONVERSION
CH to Prods.» volZ £,25
C0 to CD2» voliZ 2.2%5
COr &m mol/hr/keEm cat. J3+31C
el

STY of axuianetes(‘)‘

gm mol/hr/kam cet, +43
STOICHION. H2/CD converted 115

CAREON BELECTIVITY (Normalized Mol%Z on COZ-free

CH30H

c2-Cé ALCOMDLS
C2~-Cé ALL. RESTERS
CH4 :
£2=-€3 HYDROCARBON
C4+ HYIRDCARBONS

APPROAECH TU(E)

WBS Epvuilibriums C

CARBON ACCOUNTARILITY: X (4}

_..__—__..-.._-._._...-_..--.-_—_..._—_...m,—--—-—--—————-——____.._....-..-...——...——-_.——--.....-_._.____.__....._-..-..,_

(1) Freshr non-reduyced catalust;
(2
toc Drusenates/100.

Lefined s T = T et - T hs

where T 86 =

(33

comrosition.

.39
9.39

+ 00
43,3%
20.41
14.83

REDUCTION! Reduced bw 2% H2 im N2

REACTOR TYFE:

2.00

13,50
258.0
258.0
220.0
2679.0
649
1700.0

4.48
1.25
1,72

v 26

1.13

8,95
10,23

+ 00
35449
20,72
14.90

T he = hot srot temrerature.

(43

2.00

13,50
259490
25%.0
720.0
700.0
8.4
1720.0

13.79

8.31
i.76

+ 30

1.10

P54
17.63
+ 00
36.71
20,846
15,34

Basis)

Rertu
4 5
2.00 2,00
2.00 ?2.00
269.0 269.9
269.0 249,90
220.0 21i9.0
2719, 0 &77.0
1¢.6 12.8
i700.0 1700.0
4,33 i8:2%
2,07 11.23
2,01 2,31
.38 A7
1.:04 1.08
14,03 11.77
i4,18 20.81
+00 v 00
A0.62 192,84
18.02 i8.23
13.15 T390
+ 00 : 00
?L.7 7i.8

Defired ss Carbon observed in Froducts to Feed Carbon Converted.

2.00
?7.00
249.0
249.9
215, 0
iZ45.0
14.5
1700.0

12.48
20.61
00
28.%4
18.18
B8.79

200

?22.4

Srsce Time Yield (8TY) = VHSU/22.4 % ZCO in feed/100 X %C0 vonw./100 ¥ LSel

weter gas shift eguilibrium teme czleoulsted for rezctor eff,
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SUMMaARY FOR RUN # 201-—-48 '
CaTaLYST MUMBER : 197-1 DATE § 4722780
ATOMIC FDRHULA ' CUEP'SCnK.o?
CATALYST SUEPCRT ¢ NONE
EFREF METHOD! Evaroration REDUCTIDON? Reduced by 2X H2 inm N2
BULK DENSITY(l)K 1.44 sm/cc REEACTDR TYFE:! Berty
TEST NUMBER 7 g8 9

TEET CONDITIONS

FEEL}T HW2/CD HATIC 2.00 2.00 2.00
FEED COR 9,00 13.50 13,50
AVE, TEMP.s C 255,00 257.0 257.0
HOT SFOBT: © 255,0 257.0 257,90
FRESSUREs ssisz 1200,0 1190.0 148%5.90
UHEVs 1/hr/kem cat. 3570.6 35%4.0 4322,0
HRURS on STREAHN 1644 1%.0 20.8
RFM ' L1700,0  1700.0 1700.0

CONVERSION 4

L0 to Prods.r volZ 2:20 3.20 2.490
CO to €02 wvolX + &0 +00 00
CG» &m mol/hr/kgm cati. . 1,44 1.30 1.17
b ]

57Y of nxssenates(“}

gm mol/br/kdm cat., 30 3& .38
STOICHION. H2/C0 converted 1.92 2.54 2,34
CARBON BELECTIVITY (Normalized MolZ on COZ-free Basis) i
CH3NH 16,40  15.10 19,10
=04 ALCOHOLS - ?.04 12,00 13.4¢
C2=-C4 ALD.EESTERS +00 L 00 +900
CH4 44,25 48,80 Q.40
C2~L3 HYDROCAREBONS 20,14 12.20 4,00
N4+ MYDROCARRONS i0.37 10.90 .40
AFPROACH T
UGS Eauilibriumy C 00 .00 00
CARBON ACCOUNTABRILITY, X (4) S¥.5 51.1 &%.6

1) Freshr non-reduced catalost.
(2} Serace Time Yield (STY) = VHBVU/22.4 % ZCO in feed/1i0C ¥ %00 conv./100 % ¥XSel
to Duudgenstes/100, : :
{3 Tiefirnpd ae T = T &a - T hs
uhnere T saa = water g3s shift eaguilibrium tems caleulsted for reactor eff.
comrosition.
T hs = not srot temrerzture. )
(4) Defirmed as Carbon observed in Products to Feed Cearbon Converted.



SUMMARY FOR RUN # 201-51

CATALYST NUMBER t 197-57
ATOMIC FORMULA ! CuCrColn

CATALYST SUFFORT ! HONE

L1285 .11

PREP WETHOD! Mech. Blending of Oxides

(1,

BULK DENSITY ~ "¢ 1.7 #2m/cc

.-.......-——____.......__..‘-....-..-____.-_-.-—.-.-.-4———_—_....,_...........__......-_.......-_-—-

TEST CONDITIONS |

FEED H2/C0 RATIO
FEED £02

AVE. TEHF.» ©

KOT SFDTy €
FRESSURE: rsidg
VHSV: Yl/hr/kEm cat.
HOURS on STREAM
RPHM

CONVERSION 3

CH to Frods.s vol¥
eh to CD2s volX
COs s#n mol/hrskegm cat.

STY of oxssenatégcz}
am mpl/he/kgm cat.

STOICHIOM, H2/C0 converted

. 2,00
5.00
252..0
2%52.0
200.0
3192,0
2.8
1706.90

2,17
1,03

1,26

03

27
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e mmoSMNEEEEESSCsasCCSSSECESSSSSSSERSSNSAEESSSSSSOSSSSESS

LATE § 5/2/8¢

REBUCTION! Reduced by 2% H2 in M2

REACTOR TYFPE: Eerty

2.00

5.00
283.0
243.0
20040
2024.0
35
i720.0

3.93
1.87
1.45

+ 22

1.3%

2,00

5,00
292.0
293.0
915.0
2346.0
8.4
1730.0

14,44
10,46
7.22

1.41
1,03

CARBON SELECTIVITY (Normalized Mol% on COP-free Basisi

EHI0H

g2-Cé ALTDHOLS
£2-Cé ALD.SEESTERS
CH4

C2-C3 HYDROCARBONS.
C4+ HYDROCARKONS

areroacH To¢2’

WG5S Eaypilibriumy C

CARRON ACCOUNTABILITY: Z (4)

00

.00
31.37
31,66
19,59
17.38

1.48
2,34
2B.51
31.91
21.71
14.03

00

2.07
10.352
21,03
35:84
18.28
12.24

e v B e e A S T A i T -

—.—-—-—-——-a-.u-—_-'...———-uw———-«—--.—.__-—-—_——--—.-._.-___.-——-.«--—-—-—-—A——-——--..,_.-..——-.——_---——_-H-—nw

(1) Freshy non-reduced catalsstf‘

{2) Space Tine Yield (8TY)

o0 DOnugenztes/100.

(3) Defined 82 T =T ea = T hs

UH$UX22¢4 ¥ %CO in feed/100 X ZEQ conv./100 ¥ ZSel

where T eq = wster =ss shift eauilibrium temp ezlrulated for reactor eff.
composition. :
T hs = hot srot temrersture.

t4) pefined as Carben pbserved in

Froducts to Feed Carbon Converted.
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BEUuMHaRY FOR RUN £ 201-54 (}KEFI EﬂﬂSIHC:
CATALYST NUMEBER 1 200-32 ﬁATE T 5/74/80
ATURIE FORMULA CuCoFe'14Th'1459.14Hn'141n‘14U'14T1‘14Zn‘125K.11

CATALYST SUPPORT ! NONE

FREF METHDL! Evaroration REDUCTIDON: Reduced bw 2% H2 in N2
BRULK DENSITY(i)? 1.1 dmsce REACTOR TYPE! Flug Flow
TEST NUMEREK 1 2 3 4

o o e e o e b e A i R TR A A R A SR Br S R AR R AN U R e S A R ek e U ke e ke ok sl e e oy e ek e ke ok e i A A Al Y

TEST CONDITIONE 1

FEED H2/C0 RATID 2.00 2,00 2,00 2,00
FEEDIN CO2 ’ 3,00 5.00 5.00 3.00
AVE. TEWP,., C 254,0 273.0 292.6 314.90
KOT SPOT, C 254.0 2375.0 291.0 2i7.0
FPRESSUREs rsig P45.0 935.0 235.0 930,90
VHEVy 1/hr/kam cat. 3601,0 3720.0 3442,.0 3I451.0
HOURS orn STREAM 1.7 3.1 4.8 9.9
o + 0 + 0 ] «0

CONVERSION |

CO to Frods.s volXk 2,32 3.48 0.89 10.48
CO te COZy vol¥% + 38 82 2.11 &.12
Gor =m mol/hr/kgm cat. i1.14 i.98 3.40 7.08
STY of axssenates(g)
#m mol/nr/kEm c3t. +18 «52 « B3 1,00
 STQICHIOM, H2/CO converted 1.90 1,44 1.15 92

CARBON SELECTIVITY {Normalized MoelX on CO2-free Rasis}

CH3OH 1.40C 65:+05 .37 11.49
£2-C4 ALCOHOLS 17,15 26,43  22.00 11.09
£2-Cé ALTI.ZESTERS .00 .00 .00 .00
. CH4 . 39.79 30,99 32.87 41,18
C2~C3 HYLRQCAREBONS 26,08 22435 23,23 2&.77
" C4+ HYDROCARBONS 19,53 14.08 12,43 9.46
arergacH 1o’

WGE Eauilibriums C - .00 .00 .00 .00
CARRON ACCOUNTARILITY, % (4) 87.1 82,3 $3.2  8Y.s

1) Freshs non-reduped cataluest,
{2} Broce Time Yield (B8TY) = VHSV/22.,4 % ZCO0 in feed/100 X XCO conv./100 % %Sel
to Oxudenstes/100, '
(3) Tefined as T = T @ = T he
where T ea = water B2s ghift eauilibrium temr calculated for reactor ePf,
comrosition.
T hs = hot serot temrerziure.
{4 Lefined a2s Carborn observed in Frpducts to Fesd Carbaon Converted,
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CHEM SYSTEMS INC.
sumMMaRY FDR RUMN ¥ 201946

=z===============::====.—.===:z::=========:.;=====---========:=========:==:========:z—.
CATALYST NUMBER | 197-48 nATE § S/12/780
ATOMIC FORMULA 1 CulrEoln 125K‘11
CATALYST SUPFORT i NONE
FREP HMETHQOD! Correciritation REDUCTION! Redwced by 2% H2 in N2
BULK DENSITY(l)i 1.52 dm/cce REACTOR TYPE! Bertw
TEET MUMRER 1 z 3
TEST CONTITIONS :
FEET H2/CO RATIUO 2.00 2,09 2.00
FEEDQ CO2 5.00 S.00 5.00
A&VE., TENP.,» C 260.0 272.0 2870
HOT 8PROTy C 260.0 272.0 287.0
FRESSUREr rpsid 885.0 ° 8BY.O 885.0
YHSYy 1/hr/kgm cat. 2521.0 2492.0 2833.0
HOURS on STREAM 2.9 57 7.8
RPM 1690.0 1690.0 1700.0
CONVERSICH 3
£0 %o Prods.y vol¥% W70 i.10 2.09
Cg to €02y vol¥ + 30 41 +Bi
cdy =m mol/hr/kdgm o3t. +3B 46 2?5
87Y of nxsﬁenates(Z)

=1 1] mol/hT/kgn cat. 10 13 « 20
S8TOICHIOM. H2/00 converted 2.78 + 74 1,88
CARBON SELECTIVITY (Normalized MelZ on Co2-frea Easis)
CH3OH +00 +55 1,39
Co«Cé ALCOHOLS B.?% B.3é& 3.61
C3~-04& ALD,RESTERS 246,03 28.90 24,57
CH4 30.31 29,73 40,24
C2-C3 HYDROCAREONS 14,56 16.89 146,94
Ca+ HYLROCARBONE 18.16 i5.62 132.33
AFFROACH TO(a)
WGES Emuilibriums € s 00 +00 00
CARBON ACCOUNTAEBILITY: X (4) 871 1132.9 71.é
t1) Freshs non-reduced catalust.
(%Y Sepace Time Yield {S8TY) = UHSY/922,4 % %CO in feed/3100 % XCOC conv./100 ¥ XSel

to Drusenstes/100.
(3) Nefined 5 T = T ea - T he
where T er =
comrasition.
T hs =
(4)

water Zas shift equilibrium

hot srot temreTaiure.
Befined as Carbon observed in Froducts to Feed Carbon

temr cslculated for resctor eff.

Converted.,
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CHEM SYSTEMS INC.
SUMMARY FOR RUN =§ 20158
====-----=====8-‘-=Bﬂaaﬂﬂ===------=&====:2====ﬁ‘:=======ﬂ“======================:
CATALYST NUMBER § 197-3& DATE ¢ S/11/80
. ATOMIC FORMULA § CuCrLoZn K
; 125 411

CATALYST SUPPORT | HONE
PREF METHOD: Evaporsiion w/ Oxalic Acid REDUCTION! Reduced by 2% H2 in N2
suLx pENSITY 7t 1.45 snsee REACTOR TYFE: Plus Flow
TEST NUMBER 1 2 3 4
TEST CONDITIONS ¢
FEED H2/00 RATIOD 2.00 2.00 2.00 2.00
FEED C0O2 5.00 500 5.00 S.00
ﬁon TEHP.! C 26500 25200 23010 293,0
HOT EPDTy C 267.0 285,0 287.0 294.90
PRESBURE, rpaid 930.0 230,0 i200.0 1200.0
\UHSU’ 17hr/vgm o8t 2654.0 2709.0 361b6.0 3455.0
HOURB on STREAH 2.3 3.7 5.7 beb
RPM +Q 0 N+ N+
CONVERSION
CO0 to Prods.r vol¥ ) 7.45 9,74 5.27 B.66
co io Ch2y wvolZ +15 4,96 1.73 5.04
GOr am wol/hr/kim c3t. 2.52 4,97 J.i4 &.25
5TY of oxssenates(z)

b1 mol/hr/kEn erat. + 30 1 &0 + 63 + 99
STOICHIOMN. H2/C0 converted 1,46 1.29 1.21 1.064
CARBON SELECTIVITY (Normplized MelX on CO2-free Basis) 1§
CHIDH 41 1.21 3:45 3,32
cz-Cé& ALCDHOLS 3,146 4,98 22.97 21.468
G2-C6 ALD.SESTERS 8.77 12.08 E .00][ 00
CH4 55,90 51,18 44,08 44,79
C2=03 HYDROCARBONS 11.12 192,33 18.32 ig.20
C4+ HYDROCARBONS 12.04 11.32 13.4B iD.40
appROACH T0'2’
65 Epuilibriums C

CARBON ACCOUMTARILITY» X (47 55.7 81.9 75.5 B3I.%9

R —————————————— Y PP TR Rl b Rt et

(1) Freshr non-reduced catalust.,
(2) Srsce Time Yield (STY) = VHSU/22.4 % %CO in feed/100 X ZCO conv./100 X %Sel
to (xudenztes/100.
(3) Detined as T = T ea - T hs
where T e = water sas shift eeuilibrium temer celoulated for reactor etf,
composition.
T s = hot srot tesrerzture.
(4) Dafined as Carboen observed in Producis to Feed Carbon Converied.
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CHEM SYSTEMS INC.
SUMMARY FOR RUN & 201-—-&6&0

=======----t:==u======-====:z=:===n-:======x=====-============--=============--=
CATALYST NUMBER ! 200-25-1 DATE ¢ $/14/80
hTDﬁ}C FORMULA b CuCoZn'lzsﬁ.ll
CATALYST SUPPDRT & NONE
PREP. METHOD! Evaroration REDUCTION! Reduced by 2X H2 in N2
BULK DENSITY{1>: 1.19 =m/ceC REACTDR TYPE! Flus Flow
TEST NUMBER i 2 3 4 S
TEST CUNDITIONE §
FEED: H2/C0 RATID 2,00 2.00 2.00 2.00 2.00
FEED CO2 5.00 S+00 S.00 5.00 9.00
AVE, TEMP.: C 25%.0 270.0 281.0 295.90 2%8.0
HOT SPOT» C 160.0 271.06 283.0 298¢ 303.0
PRESSUREs psis %10,0 258.0 200.0 200.0 1140.0
VHEV: 1/hr/kam cat, 3247.0 3I222.0 3I247.0 33746.0 4278.0
HOURS on STREAM 2:3 1.8 5.3 6.6 rde
RPM + 0 ¢ +0 » O .0
CONVERSION 1
€O to Prods.r veli 2.8% 4,10 S+b67 12.32 1Z.24
co te £02y wvonlX 2.91 3,490 603 i1.78 12.46
COy #m mol/hr/KeEm cat. 2,46 3.03 Se17 10.20 13.80
sTY of uxssenatestz) -

sn sol/hr/kgm cat. + 32 k4 +B7 1.446 2,14
STOICHION, H2/C0 converted .21 83 + B4 +Bd - +B5
CARBON SELECTIVITY (Nermalized MolX on Co2-frew Basis) ¢
CH30H 2.21 3.84 4,57 4.50 T4
£2-C6 ALCOHOLS 4,02 4,94 PelA 10.57 12.43
c2-Cé4 ALD.LESTERS 192.70 23.24 i?.05 12.92 12.23
CHe - 31.36 30,19 - 30,47 34,25 21.%94
C2-£3 HYDROCARBONS 22.%1 22,87 22.84 24,27 35.92
T4+ HYDROCARBONS _ 19.%90 14.82 13.71 13.50 12.04
APPROACH TD(3)
WGBS Ewuilibriusr C -52,00 73.00 6%.00 20.00

CARBON ACCOUNTABILITY, % (43 7.9 72.9 ?5.0 78.5 78.4

-.——..\-.-—-———_—.--——.-—n———_-...-....—u————..n—_--._.._-.--...—o-———___....-——-—--———_-.--—--..-—-—o—-————-—

{1} Fresh» non-reduced catalust.
(27 Seepee Time Yield (STY) = VHSVY/22.4 X ZCO in reed/100 ¥ MCO eonv./100 ¥ ZBel
to Oxus=senztes/100.
(3) Defined #s T = T ea - T Ns
where T ea = water gas shift eauilibrium temr cglrulated for resctor eff.
comrasition.
T hs = hot spot temrerature.
(a) pefined 35 Carbon observed in Products to Feed Csrbon Converted.
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sSuUuMMaARY FOR RUN $ 201 -—-562
CATALYST NUHMEBER ! 197-1% BATE 1 2/14/80
ATOMIC FORMULA ! CufrCoZn K 11
add »
CaTALYST SUPPORT ¢ NONE
PREF METHOD?! Evaroration REDUCTION: Reduced bw 2% HZ in H2
BULK HENSITY<1}1 1.24 an/ec REACTUOR TYFE: Berty
TEST NUMRER 1 2 3 4 5 &
TEST CONDITIONS !
FEED H2/C0O RATIC ' 2.00 2.00 2,00 2.00 2:00 2.090
FEED coO2 990 ) .00 .00 5.00 53.00 S.00
AVE, TEMF.» C 273.0 275.0 2eB.0 312.,¢ 297.0 74,0
HOT SFOT, C© 273.¢ 2759.0 398,00 ' 312.0 297.0 274,0
FRESSURE» rgid 8%5.0 13%50.0 230.0 920.0 ?15.0 20,0
UHSYs 1/hr/kgm cat. 3I?5.0 4B42.0 3420.0 AP&E4.0 1284.0 3278.0
HOURS orn STREAH 4,5 59 B.% 10:7 11,9 13:5
REH 17200.0 170G.0 1720.0 1700.0 1700.0 1710.0
COMVERSION ¢ .
CO to Prods.» volX% 10,42 7.81 S50.9% S57.54 70,43 83,57
CO to CO2s volX ' 3:88 4,09 42,31 21403 7.97 4,03
CDy sm mol/shr/kam cat. 6.02 7419 i9.80 74.%0 15.70 S5+10
=
35TY of staenates(“)

#m mal/hr/kam cat. 1.05 1.43 28 + 85 102 V73
STOICHIOM. H2/CO corverted 1.43 1.43 1.49 1.45 i.70 1.685
CARBON SELECTIVITY (Normslized Mol% or CO2-free Bacis) !

CHZOH 4,80 74+47 118 15 00 5.88
GE_Cé ﬁLCOHDLS 19021 22;8? 1410 &?? o14 15129
L2-£6 ALD,RESTERS 00 + Q0 100 +00 v 00 + 20
cH4 41,358 28,37 45,29 75.6%9 7&H.25 32.93
CZ2-C3Z HYDRDCARLONS 22.78 21.04 16.28 14,15 15.03 24,40
C4+ HYDROCAREONWS 11,33 10.04 11.34 F.23 £.4% 2i.41
AFFROACH TD<z>

WGE Eaquilibriums C 145,00 73,00 B4.00 104,090 E7.00 130.0C
CARBOH ACCOUNTABILITY» % (4) 04,1 106.2 23.3 2.9 ¢3.8 ?1.9

(1) Freshy non-reduced cstslest,
{2y Sraee Time Yield (S8TY) = UHSV/22.4 X %CO in feed/100 ¥ ¥C0O conv./ 100 % XSel
1o Ouysenstess/100.
(3} lafirmed 558 T = T ec -~ T hs
where T ga = wster sas shift equilibrium temr ealculzted for resctor eff.
camsasition,
T ks = hot srot temserature.
{4} Dpfined as Cazrbon observed in Produycts to Feed Csrbon Cornverted.
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suMMHaRY FOR RUHN #

CATALYST SUFPORT ¢ NONE

PREF METHOD! Everoration

1)
RULK DENSITY ! t 1,44 sm/or

TEST CONRITIONE !

FEEL HM2/C0 RATIO
FEEDR CO2

&VE. TEHF.«r C

HOT SFOTs €
FRESSURE, mzig
CUHSVy 1/hr/keEm cab.
HOURE o STREAH

FFH

CONVERSION ¢

€O to Prods.r vol¥%
O to 002, wolX
CU: sm mol/hr/kdm cat.

{2)
BTY af owxvgenates

gm moilhirAksm cat.

STOICHIOM. HW2/C0 converted

CATALYST NUMEER ¢ 200-27-1
L TOMID FORMULA ¢ CuColn

A4.27

1.53
2407

'30

1039

CHEM SYSTEMS INC.

201865

REDUCTION! Reduced bw 2% HZ ir N2

REACTOR TYPE! Flug Flou

2 3
2.00 2.00
5.00  5.00

284.0 297.0
287.0 WDH.0
00.0 F0D.0
24i%.0 2579.0
Y- - %

+0 0
7.01 i0.464
3.09 DeG&
.04 5.20

+ 40 + 63
1,36 1.23

CARLON SELECTIVITY (Normalized Mol¥ ofi Co2-free Basis) |}

CHIOH

to-Cs ALCOHOLS
Co-C& ALDLSESTERS
CHAa :
C2-C3 HYIRGCARBONS
4+ HYDRODCAREONS

i %
APPROACH TD‘B'
WEE Eeuilibriums C

CARBON ACCOUNTAEBILITY,

2.23
7edé
9‘42
A40.71
19.24
20.74

110.900

Freshy nch-reduced catalvst,

12
{2y Ssece Time Yield (STY?

+p Duusenatess 100,
(3 Detined 33 T = T &&

where T ea = water 93

yHSV /22,

comeosition.
T ne = hot =rot temrerature.
{4y Defined gs Carimon abserved in Froducts to Feed Carbon Converted.

3.7%
7106
8.36
48,99
20.464
11.38

142.00

3.94
746
7,01
S1.17
20.71
F.59

119.00

4 % Y00 in feed/100 ¥ ZCO canmvs /100 ¥ XEel

= chift eguilibrius temr coleulsted for reacitor eff.
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SUMMARY FOR RUM # Z201—a&7 :
CAaTALYEST NUMEBER ¢ 197-2 DATE § S/22/80
ATOMIL FORMULA 3 CuCrColn K
125,11
CATALYST SUPPORT ! MONE
FREP HETHOD! Everoration REDUCTION? in Situ Reduction
BULK DENSITY(1): 1.4%9 gm/rco REACTOR TYFE! Berty
TEST NUMRER 1 2 3 4 ] &
TEST COMDITIONS |
FEED H2/C0 RaTIO 2,00 2.00 2.00 2.00 2.00 2,00
FEEDL COZ 500 S.00 5,00 5.00 %.00 T3.:00
HVE. TEMF.s C 270.0 2?21.0 2923.0 294.80 292;0 2540
HOT SFODT. C 271.0 27140 294.9 29%. 4. 294,90 247.0
PRESSURE, ms5is 89s.0 1410.0 00.0 B9%.0 BeO.O B8F0.0
UHSY: 1/nr/k=Em cat. 6438.0 834,00 2T41.90 736.0 700.0 G22+90
HOURS on STRE&NH 9.3 &b i3.4 17,1 5.7 42,8
REM 1700.,0 1700.0 1730.0 1690.0 1700.0 1700.0
CONVERSION ¢ .
CG to Prods.r volX 14.30 20,09 @, 77 33.146 27.:27 2.02
Lo to CO2s vol¥ 12.20 iéd.31 4,83 a3Z.74 17.73 3,468
0y #m mol/shr/kdm cat. 2.28 2,87 4,59 933 RE- Y 90
o

STY of uxggenatea(“)

gm mdlfhr‘/kém cat. 28 + 51 o?? 79 LS4 27
B8TRICHIOW. HZ/CO converted .88 20 1,13 1,08 27 P4
CAREON SELECTIVITY (Normslized MolX on CO2-fres Basis) ¢
CHIOK 1.75 1.99 7.03 4.89 dell 12.4%
Cz2-Cé ALCOHOLS S.77 4,53 18.54 i6,92 14.83 20,48
Ce-Cé ALTLZESTERS . T T 12,04 00 3.3% L0 +90
CHA 34,19 39.49 47,09 43,89 44,22 34,13
£C2-03 HYDROCAREBONS 25.35 27.90 23.32 27:14 28.22 17.3I5
CAY HYDROCAREBODNS 146,78 132,04 4,904 4,02 4,462 5.54
AFPROACH T2 27
WE2 Eouilibriums C + 00 200 .00 + 0D + OO 00
CARBON ACCOUNTABILITY: X 14) 1.7 871 74,1 8.2 9.3 Q4.4

i1y Frecshs non-reduced catalust.
(23 Srpace Time Yield (8TY) = VHEV/22.4 ¥ %(0 iIn feed/100 ¥ XCO comnv./100 % %S5el
tg Oxudenates/100C.
{3) Deftined g« T = T ea - T hs
where T ea = water Zas shift eeuilibrium temp caloulsted for reactor eff.
comrosition.,
T hs = hot sral temrerature.
(4% Defined ass Carpon observed in Praducts to Feed Carbon Converted.
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_ o CHEM SYSTEMS INC.
SUMMARY FOR RUN % Z201-72
CATALYST NUMEBER ! 197-59 DATE + 6/5/80
ATOMIC FORMULA ¢ CuCoMnZn _._K
) '12‘4 oii

CATALYST SUPPORT : NONE
FREF METHOD! Evaroration REDUCTION! Reduced bs 2% HZ in N2
BULK DENSITY *?: 1,26 am/ee REACTOR TYPE: Flusg Flow
TEST NUMEER 1 2 3
TEST CONDITIONS 3
FEED H2/C0 RATIO ' 2,00 2,090 2.00
FCED CO2 5,00 5,00 5.00
GUE. TENE,y C 243,0 27440  294.0
HDT SFOTs © 24%,0 275.0 2%6.0
PRESSBURE, reisg 90,0  900.0 £95.0
VHEU: 1/hr/kEm cat. T41%,0 2402.0 2382.,0
HOURS on STREAN 3+1 4,9 9.6
RFHM .0 .0 .0
CONVERSION $
£O to Prods.s volX 1.37 1.75 B.08
Co to CO2s volX 14 +8% 4,82
COsy gm molsnr/ksem cst. 146 + 78 Z.890
STY of nxssenateﬁsz

gm mol/br/ksm cat. +07 +10 49
STOICHIOM. H2/CD converted B2 2.52 70

CAREDN SELECTIVITY (Normalized MolX on CO2-free Basis) ¢

CH3DH , 2,42 2,67 3,35
C2-Cé& ALLCOHOLS 13,41 5,94 7.35
Ca-C6 ALD, LESTERS [ 00d 9,89 9.90
£H4 43.41 44,41 42,17
C7-C3 HYDROCARRONS 21.54 26.29 20,81
C4+ HYDROCAREBONS 19.23 11.14 §.39
AFPROACH T0 2

WGBS Emuilibriumy T 72,00 114.00 82,00
CARBON ACCDUNTABILITY: % (4) 60,3 143.4 90.3

{1) Freshs non-reduped cstalwst,
(2) Sezoe Time Yield (STY) = VHSU/22.,4 % %CD in feed/100 ¥ ZCO conv./100 X %“5el
to Duugenates/100.
{Z) Defined as T = T ea - T hs
where T eq = water #as shifl equilibrium tems calculsted for resctor eff.
comrosition.
T hs = hol srot temrerature.
{4} Defined azs Csrbon observed im Frorductis to Feed Carbon Converted,
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. CHEM SYSTEMS NC.
SUMMARY FOR RUN % 201-—-74
II==S=========:=========:=ﬂ=====ﬂ’S--'==========$===================’ﬂ===========
CATALYST NUMBER t 197-43 DATE ! &/12/8¢C
ATOMIC FORMULA ¢ CuCrioZn K
125 .11
CATALYST SUPPORT 170,0X% 3102
PREF METHOD: Imkreanatibn REDUETION: in Sity Reduction
BULK DENSITYtijt + % am/Sec REACTOR TYPE! Bertw

- TEST NUMBER 1 2 3

g iy ik e " e v P i D e S R B B e i P skt 400 A LA e AR 4R [ A S L T e e e o A M T ] Sk L Sy = s e S S5 S5

TEST CONDITIONS 3

FEED H2/C0 RATIO 2.00 2.00 2.00
FEED GD2 ¥.00 H.00 5.Q0
AVE. TEHWP.s» C 267.0 28740 267.0
HOT S5FPO0Ts C 247.0 257.90 267.0
. PRESSURE» psig ?05.0 900,90 880,90
. WHSVy 1/hr/kam cat. 7745.,0 1744,0 764.0
HOURS on STREAM ' 7 2.0 17.1
] 1700.0 17006.0 1700.0

CONVERSIDN !

CH to Frode.r volX + 22 7+12 5.08
CO to COZy volX . 1,88 .98 1,22
COy gm molshr/kem cat. 2,01 176 W75
STY of nxusenates‘Z)

sm mol/hr/ksEm cat. +00 + 52 +12
STOICHION. H2/CD converted 3,07 1.72 +i8

CARBON SELECTIVITY (Normalixed HKalX on CO2-free Basis) |

CH30H _ " Wed, 7451 7.6%
GC2-C& ALCOHOLS Nty - 14,90 ?.68
£2-Cé ALD,LESTERS Wyl 11.38 11,91
LH4 Pewles 32.74 45,15
C2-C3 HYDROCARBONS M 26,85 22.70
€4+ HYDROCARRBONS Nty &.60 . 2.98
AFPFROACH TD(J,

WG5S Eauilibriuer C 73.00 139.00

CARBON ACCOUNTABILITY. X (47 89.5 98,8 ?8.4

o — v A oH A S AT S o 7 ok S [ L ot S i i i S ol A e AN L - 7 T - — e A T T e P S T e e e SR el

(1) Freshs non-reduced catalust.
(2) Sepace Time Yield (8TY) = VHEV/22.4 ¥ ZCO in feed/100 ¥ XCU conv./100 ¥ XSel

4o Oxwdenates/100.
{3) Dafined 88 T = T eaa - T bhs

where T e = wator das chift equilibrium temr calculated for reactor ef?f,
comnposition.
T ha = hot srot temrerature, '
{4) Defined 3s Carbon cbaserved in Produgts to Feed Carbon Converted.



suUurMrMaRY

CATALYST HUMEBER 197-50
ATOMIC FORMULA 3 CuCoViIn

CATALYST SUFFORT ! RNONE

H

*
*

FREF METHOD: Evzreoraiion

(1),

BULK DENBITY :

NUHEBER

1.29 ansco

CONDITIONS

H2Z/CO RATIO
coz
TEMF . »
HOT BFOT, C
FRESSURE)» rsid
UHBYy l/hr/has
HOURS on STREAM
RFH

£

cets

1
+

CONVERSION

£CQ to FProds.s voli
CO to COZr velX
CDs ¢m mol/br/kEm cat.

" . (22
3TY of oxzgenaies

gm mol/hr/kEm cat.

STOICHIOM, HZ/C0 converted

~ 284

CARBON SELECYIVITY (Hormelized MolX on to2-free Hasis) @

CHIOH

tz-C6 ALCOHDLS
C2-Cé ALD.RESTERS
CH4

£2=-C3 HYRRODCAREONS.
C4% HYDROCAREUNS

aPFROACH Tﬂcsj

WS Egquilibriums O

CaREON ACCOUNTABILITY. X (4)

FOR RUN # 20177
============::2::=:===n===‘.===::=
A
11
REGDUCTION: in 8it
REACTOR TYPE! Flu
1 2 e 4
. 2.00 2.00 2.00 2,00
5,00 .00 5.00 5,00
255.,0 277.0  28%.0 275.0
256.0 279.0 293.0 278.0
885.0  885.0 880.0 8e85.0
2055,0 3094.0 2993.0 3159.0
1.8 3.0 5.4 2,0
10 io |0- ¢°
2,54 676 B.25 .24
‘6b 2.44 4,25 2.27
1.18 3.54 4,47 2,91
.21 LR0 1,01 Y
1.76 1,41 1.04 1.37
4,467 &,74 6.51 7,31
10.34 22,31 18.32 g.02
7.04 5.31 7.87 17.48
42,37 36,87 35.8%  34.2%5
22,07 19,18 19.08 19,05
83.00 107.00 -B%.00 52,00
90.8 99,4 103.2 104.7

CHEM SYSTEMS INC.

TE &/27/7820

.
t

y Reduction

= Flow
5

11.10
&.80
6.2%

56.77
12.74
14.03
36,13
19.52
ig.81

94.00

84.7

{17 ron~-reduced cztelvs

(23

Freshr
Srace Time Yield (STYD
to Ouusenztes/100.

Defired as T = 1 ea - T ns

(3}

where T ea = water 2g& shift esuilibrium ten

ta

UHEU/ /22,4 ¥ %CO0 in feed/100 ¥ XCO conv.

v csleulated

comrositiarn.

7 hs = hot srot tem

{2 DTafined a5 Carbkon ebs

erature. .

/100 ¥ XSel

for reactar eff.

erved in Produchts to Feed Carhon Converted.
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SUMMaAaRY FOR RUN % 201 -~79 C: "K:
CATALYST NUMBER & 197-6¢& RATE 1 &/24/80
ATOMIC FORMULA & EuCrEcZn'lst‘ll
SATALYST SUPFORT 145,04 TiU2
FREF METHOD! Imerrednation REDUCTION: ir Situ Reduction
3

PULK DENSITY(1 t 1.34 smice REACTOR TYPE! Bertu
TEST NUMEBRER i
TEST CONDITIONS
FEED HZ/C0 RATID . 2.00
FEED CO2 9.00
Q‘JE: TEMF‘;? l: 272|0
MOT SPOTs C 272.C
FRESSURE: rsig . 895.0
YHBY s 1/hr/kgEm cat. 94,0
YOURS on STREAM 2.4
BEM 17C0.0
CONVERSION 3§
CO to Frods.r woli 1.27
£ to £02¢ volX D0
L0y dm mol/hr/kEn cat. 109
5TY of GxBSEHEtES(z}

g mol/hr/ksm cat. +04
STOICHION, H2/C0 converted 2.20

CaRPON SELECTIVITY (Normzlized MolZ% on CO2-free Bassis) |}

CH3OH 1
C2~0Cé& ALCOHOLS 23,80
c2-Cé ALL.ERESTERS 20,50
CHA - 446,00
L2-C3 HYDROCARBONG 2.10
Ca+ HYDROCARBONS 0D
{3

AFFROAGH T

WGE Eauilibrivms C + 00
TARBON ACCOUNTAERILITY: % (4) 2%.8

Freshs non=reduced catslsst.

(2} Smace Time Yield (§TY) = VHSY/22.4 ¥ ZCLQ in feed/100 * ZACD conv./300 ¥ XZSel
to Oxwdenztes/100.

{I) befined as T =T ea - T hs
where T e@ = water g2z shifi eeuillibrium tems caelculated for reactor efi.

comsrositicon. '
T hs = hot serot temrerature.
(4% Defirmed a5 Carboer observed in Products to Feed Carbon Converted.
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SUMMARY FOR RLUN # 201-8B0 CHEM EMSINC.
CATALYST NUMBER ! 200-57-1 DATE ¢ 7/2/80
A C FO t 3
TOMI RHLULA C“B°F°.1z”.1255.11
CATALYST SUFPORT ¢ NONE
FREF METHCOD: Evaroraztion REDUCTION: in Situ Reduction
BULK DENSITT‘l): i.,456 ga/ev REACTOR TYPE! Rerte

TEST CORDITIONS 3

FEER H2/C0 RATID 2,00 2.00
FEED CB2 5.00 5.00
AVE. TEWF,: C 2732.0 288.0
HOT SFDTs € 374,0 289.0
FRESSDREr rsid 900.,0 00,0
YHEYy l/hr/kgm cat. 2700.0 38,0
HOURS or STREAM 5,6 12.3
RFM 1720.,0 1730.0

CONVERSION 3

€ to Frods.s voli 2.56 7.01
0 40 €02 voli 98 b5:9%
cOs gm wol/Nhir/ksm cat. 1+20 1.10
STY ot oxssenatestzj

gm mols/hr/kgm cate. +43 + 25
STOICHION. HZ/CD converted 77 1.28

CARBON SELECTIVITY (Normzlized MelX pn CO2-free Basis) 1

CH30H 23,42 30.94
C2-C& ALCOHOLS 19.59 2.58
C2-Cé& ALD,XESTERE &85 5,59
CHA4 21,23 24,15
£2-0C3 HYDROCARBONS 23,97 24,15
C44 HYUROCARBONS 4,93 5.59
APFROACH TO

WGs Eguilibrium: C -84.00
CAREON ACCOUNTARILITY» % (4) 5044 g£3.8

(i} Freshs nen-regduced ecatzlsst.
(2} Brzce Time Yield (STY) = VHEVW/2Z.4 ¥ ZCQ in feed/100 X% ZC0 conv./100 X ASel
to Oxssenztes/100.
(37 Defirned as T =T ea - T hs
where T ea = water das shift esuilibrium temsr caslculeted for rescter eff.
commosition.
T hs = hot serot temrerature.
(4) lefined as Carbon observed in FProducts to Feed Carbon Converted.
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SuUMMaAaRY FOR RUN  201-81
=========::===.":::‘.‘.z:.:;;:;:=:===========x=-======================n.‘=z======='u'========
CATALYST NUMBER 1 200-38-1 DATE ¢ 7/10/8¢
ATOMIC FORMULA ! CuCoMoZm 1"SK 11
CATALYST SUPFORT 1 NOME
FREP METHOD! Evaroration REDUCTION! Reduced bg 2% H2 in N2
RULK DENSITYci)! 1.41 gm/ec REACTOR TYPE! Plus Flow
TEST NUMEER 1 2 3 . _
TEST CONLDITIONS ¢
FEED H2/C0 RATIO 2.00 2.00 2,09
FEED CO2 S5.00 S+00 5.00
AVE. TEMP.r L 265.0 275,90 283:0
HOT 5F0Ts C 257.0 277.0 287.0
FRESBURE, psis 8859 g8%.0 883.0
YHSYs 1/hr/kdm cat. 3151.0 2972.,0 2947.9
HOURS en STREAM 3.3 5.2 5.3
RFH .0 .0 + 0
CONVERSTION &

CO to Frods.r vaolX 5,90 7.19 ?.83
GG to CO2+ vwolX 2,64 3.91 9.57
COr dm molshr/kgn cat. 3.38 4.16 G.73
n
STY of oxggeﬁatesf“)
4m mol/hr/kdm catq +28 1 26 +28
STRICHIOM. H2/C0 converied 1.24 1,07 1.03

CAREON SELECTIVITY {Normslized Mol¥% on CDZ-free Rasis) 3

CH3OH 7.23 5,71 4,53
G2-C4 ALCOHOLS 2.89 2,31 1.72
C2-Cé& ALD:ZESTERS + 43 + 31 + 16
EHA4 _ _ 41,08 42,44 44,87
C2-C3 HYDROLCAREONS 41,08 37,50  38.0%
Ca+ HYDROCARBONS 709 11.73 1¢.82
AFFROACH TO >

WGBS Equilibrium: C 00 + 00 + 00
CARBON ACCOUNTABILITY, X (4) 78,8  97.2  102.8

£1) Freshs non-reduced c3atalust,

{2) Separe Time Yield (8TY) = VHSY/22.4 X XC0 in feed/100 % XCO conv./100C % 43wl
to Duudenrates/100.

{Z) Defingg 35 T =T ec -~ T hs

where T 20 = wster dsz shift eguilibrium tems calcoulated for rascior eff,
comrosition,
T hs = hot seot temrervrature.

{4) Defined as Carbon chserved in FProducts to Feed Carbon Bgnverted,
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_ : : : . CHEM SYSTEMS INC.
SUMMARY FOR RUN % 2201-83 .

=kﬂ—:-—-ﬂ----====..="Bﬂ‘ﬂﬂlal"-.'.'.*"“a8-32ﬂ=‘l=l==----ﬁ======I========--====$= B
CATALYST HNUMBER § 1%7-71 DATE ! 7/14/80
ATOMIC FORMULA CuCoFe.1Th'5Zn'125K'11
CATALYST BUPPORT ! NONE
PREPF METHOD: Evasorstion REDUCTION: in Situ Reduction
BULK DEHSITT(1)1 1.8 amion . REACTOR TYPE! Berty
TEST HUMBER o 1 2 i i
TEST CONDITIDNSE 3
FEED H2/CO RATIOD 2,00 2,00  2.00
FEED-CO2 C 5,00 5.00 5.00
AVE. TEMP.» C 2446,0 274.0 275,0
HOT 8POT: €. 247.0 275.0 274.0
PRESBURE: psid - ¢00.0 00,0 200.0
YHEVy 1/hrskaEm cat. 20463.0 2314.0 533.0
MOURS on STREAM 5.2 2.2 11.4
RPM - 1760.0 1700.0 1700.0
EDHUERSIDH H . :
£D0 to Prods.r volX 339 5.%0 14,38
CO to C02y volX + 00 + 00 &,52
CO» #n mol/hr/kss cet. +80 1.54 1.14
STY of oxsﬁenatnscz) : .

dm mol/hr/kds cat. « 22 .35 + 45
ETOICHION. H2/CO converted 1,72 .30 1,33
CAKBDN SELECTIVITY {(Normalized MolZ on COoZ2~Tree Basis) H
CH3I0H 21.00 19,60 17.87
c2~Loé ﬁLCDHDLB 245.50 30.30 27 .86
Cg"C6 ALD.:ESTERS .BD -60 1031
CH4 ) Z27.10 272.70 ‘274554
C2-C3 HYDROCARBONS i5.70 15,40 14.42
C4+ HYDROLARBONE - B8.90 &. 40 .57

(3>

APPROACH TO
UGS Eguilibriume T

CARBON ACCOUNTABILITY, X (4) 31.7 =0.8 76.7

(1) Freshr nan-reduced catalust.
{2) 8ropce Time Yield (8BTY} = VHEBY/22,.4 ¥ %CD in f#ed/100 % XCO conv./ /100 % ZLSel
to Oxuganates/ 100,
(I) Defined 2= T =T wa - T hs
where T ea = water Sas shift eauilibrium teuP calculated Tor reactor eff.
comprosition.
T hs = hopt srot teuperature. :
(4) Detined as Carbon observed in Products tn Feed Carbhon Converted.
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SUMMARY FOR RUM * 201-824 SYske )
CATALYST NUMBER : 1%87-47 DATE § 7/18/80
ATOHIC FORMULA § CuCrloZn , .. K .,
CATALYST SUPPORT 170.0% TiO,
PREF METHOD! Ismepredgnsticn REDUCTION! Reduced bw 2% HZ in N2
BULK BEHSITY(1>: 1.27 gw/ce REACTOR TYPE! Flusg Flow

TEST HUMEBER 1 2

TEST CONDITIONS 3

FEED H2/C8 RATID _ 2,00 2,00
FEED CO2 5.10 S.10
AVE, TENMNF.» C 261.0 2562.0
FRESSURE>, rsid 890,0 8806.0
UHEVy 1/helkdm cats 3374.0 1000.0
HOURS on STREAM 4.0 &40

R S B o0

COMUERSION &

0 to Frods.y vol% 58 1,45
LD te COZy wvoli A4 2,08
EOs sm mol/hr/kdm Ccatb. N ¥ 45
el
ETY of nxusenatesi“)
gm mol/hr/kem cat, 03 + 05
STRICHIONM. B2/C0 converted + 54 + 75

CARBOM SELELTIVITY (Nermaslized MolX onICDQ-free Bacis)y ¢

EH3OH 36 22
. E2-C4 ALCOHGLS + B89 67
C2-Cas ALD,RESTERS .07 22.70
CHa4 76.18 57.98
C2-C3 HYDRUCARBONE 10.14 13.2&
Ca4+ HYDROCARBOWE 3.38 S.17
AFPROACH Tﬂts)
WEs Eouilibriums C + 00 00
CHREDN ACCOUMTABILITY, X (4 £%.3 B?.2

{1} Frechs non-reduyced cstalust.
{27} Sezce Time Tield (STYY = YHSY/22.4 % XCO in feed/L00 ¥ %CO conv.r100 % xZESel
to Oxzudensthes/100.

{1} Lefined 2= T = T ea ~ T hs .
where T eg = watar sas snift eouilibrivom tems celgulsied fTor reactar eff.
) comeosition.
T e = hot srpbk temrerature.

(4) Defirmer zs Csroom observed in -Prosucts tao Feed Carbon Converted.
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HEM SYSTEMS INC.
gUMMARY FOR RUNM F 201-—-89%5 C: !qSI(:
=n-===============::::;======a=a=-========:===::2::::::::======z==========:====z
CATALYST NUWRER @ 197-71 LATE ¢ 7/22/80
ATONMIC FBRHULA H C“9°FE.1Th.sz”.125“.11
CATALYST SUPPORT ! NONE
FREF METHOD:! Evaporation REDUCTION! Redured bu 2% H2 in N2
(493 .

BULK DENBITY J! 1,73 sm/cc REACTOR TYFE! Berts
TEST NUMEBER ] 1 2 3 4 i 4
TEST CONTDITIONS ¢
FEED H2/CD RATID 2.00 2.00 2.00 2,00 2,00 2.00
FEED CO2 5.10 9.10 .10 5.10 D19 9.10
AVE.: TEHMP.s € 257.,0 258.0 27040 271.0 279.0 2BC.. O
HOT SPOTe E 258.0 25%.0 221,90 272.0 280.0 281.0
PRESSUREs rmsiH 05,0 200,90 G05.0 ?05.0 05,0 20,0
VHEYy 1/hr/hkgm cat. 3597.90 882,060 3JIIF1.0 74,0 3258,0 100%.0
HOURE or STREAM 4,2 5.9 10.3 12,8  16.1 19.1
RPH 1740.0 17490.0 17406.,0 1740.0 1730.0 1720.¢
CONVERSION 3
€0 to Frods.s volX 2.90 10.43 5,50 13.04 4,92 14,461
CO to EO2s volX 00 2487 +BC 4,44 1,48 5.7%
COs gm mol/hr/kem cst. 1.70 .39 2. 40 2.13 2.+81 .57
§TY of axuzenatescz) ' _

gm mol/shr/k3m cat. 5:15 S4 0 i.12 70 L 75
STOICHIDM,. H2/CO converted 1.323 1.44 B2 W70 85 78
CARBON SELECTIVITY (Normalized MolX on CO2-free Basis)
CH3ODH 14,80 13,44 i7.41 13.469 17.82 13.49
c2-Cé ALCOHOLS 32,00 33.17 29.5% 28.1%9 27.05 24,44
C2-Cé& hLB'SESTERS - 3.:30 2126 21&1 2-15 2.21 2.93
CH4 24,40 26.88 28,73 33.15 32,51 35.89
£2-L3 HYDEDCQRBONS 16,10 17.34 14,27 18.24 14,38 18.02
C4+ HYDROCARBONS ?+ 4D 4:%1 5,061 4,54 4,03 S+02
APEROACH TO' S
WG5S Equilibriume C 147.00 176.00 134.00 1469.00 &7.00 148.00

CAREON ACCOUNTABILITY» X (4) 73.3 ?1.1 80.3 ?1.5 87,5 28.0

e e e e A ALk A AR AL T o i S S S e e A A A R R A e o Y S L e o e A A L

{i} Freshs non-redured catalust.
(2) 8Gesce Time Yield (STY) = VHSY/22,4 ¥ %C0 in feed /100 ¥ YCO conv./100 X XEel
to Duwsenates/100. :
(2} Defined 8s T = T ea ~ T hs
where T ea = water das shift equilibrium temp ralrulated for resctor eff.
comepnsition. ’
T hs = hot srot temrerature.
(4) Detineg 3s Carboen observed in Freducts to Feed Carbon Converted,.
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SUMMARY FOR RUN # 201-87
CATALYST NUMBRER & '197-73 DATE + 7/31/80
ATONIC FORMULA 3 CuErCaZn.izsh.ll
CATALYST SUPFORT ! NOMNE
FREP METHOD: Evasoration RELUCTIONS Reduced bw 2% H2 im N2
BULK DENSITY =~ ¢ 1.28 em/ce REACTOR TYFE! Barty
TESET NUMBER 1 2 s
TEET CONDITIONS !
FEED H2/CD RATIC 2.00 2.00 2.00
FEED COZ S5.10 =TS 3 9+10
AVE. TEMF.s C 2460,0 260,0 272.0
HBT SFOT, C 240.0 261.0 273.0
FRESSURE psig g3I5+0 930.0 ?35.0
YHEYyYy l1/hr/kam cat. I404.0 £92.0 B877.0
HOURS on STREAM 4,0 &, 0 9.2
RPH 17200 1720,0 1720.,0
COMVERSION ! _
CO to Frogds.r volZ 3,81 ?:+14 12.58
CO to CO2s wvolX 1.79 b.76 10,42
COy sm mol/hr/k=m cat. 2,41 1.79 3.22
-t

STY of oxusenates(‘)

sm moal/hr/kdm cat. +48 + 28 + 56
STOICHIOM. H2/C0 converted + 34 82 .52

EARBON SELECTIVITY (Mormalized Mol¥ on CO2-fraee

Essis} 1

LH3OH 3.82 3,65 6.23
C2-E£56 ALCOHOLS . . 11.42 11.82 18.85
£C2-C6 ALD.ERESTERS 13.97 11.30 1.87
CHS 42,94 43,13 446,26
C2Z-C3 HYDRDCAREONE i9.12 20.5352 19.47
C4+ HYDROCARBONE B.53 P07 7.32
AFFROACH TD(Z)

WES Fovilibrioms C 00 + 00 00
CAREON ACCOUNTARBILITY, % (&) 68,2 ?9.8 F3.4

) Freshr non—-reduced catalgst.
; Brace Time Yield (S8TY): =
to {Iwudenates/100.
befired s T = T ea
" where T eq =

- T hs

cemrosition.
T hs =
i)

hot grot temrerature.
Defined 25 Carbon ohserved in Frodoctz 40 Feed Casrbon Comverted.

VHEV/22.4 % ACO in feeds100 % XC0 conv. /100 % XSel

weter g2 shift eauilibriom teme caltulated for reacktor eff.
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CHEM SYSTEMS INC
suUMMARY FOR RUN & 2031-89

-BS-"=========-‘===ﬂ====-El=====’;'—'====--========H’#’=I--.B==2ﬂ='—"===-I-==========
CQTQLYST HUMBER 1 197-72 DATE | 8/4/80
ATOMIC FORMULA § CutoirZn K

_ 1125 .1t
CATALYST SUPPORT § NONE
PREP METHOD: Everoration REDUCTION! Reduced bw 2% H2 in N2
BULK DEHSITYtlji 1.3 dm/cc REACTOR TYPE! Plu= Flow
TEST NUMBER 1 2 3 &
TESY CONDITIONS @
FEED H2Z/L0 RATIO 2.00 2,00 2.00 2,00
FEED CO2 S.10 5:19 %.10 S«10
ﬁUEo TEHPO! C 26400 264|0 27300 27300
HDT 8FPOTy C 245,90 245.0 273.0 273.0
FRESBURE: mrsid 280.0 875.0 e10.0 ¢10.0
VHBV: 1/hr/ksm cat. 3548.0 BE?.0 2791.0 22,0
HODURE on STREAHM 4.1 &.7 10.90 14,9
RPN +0 +0 +O o
CONVERSION 1 o
CD to Prods.r vplX £ 72 2,70 1.31 &eb3
COD to CO2» voli + 2B 1:.20 + 09 « 57
COs gm mol/Rr/kdam cBl. 145 +42 + 49 «83
£TY of nxssenates(2)

k-1 3 aol/hr/kEn ecat. «11 112 220 + 34
STOICHION. H2/C0 converted 1.60 .89 .78 96
CARBON SELECTIVITY (Normalized MolX% on CozZ-free Basis) 3
CH3OH 22,42 22.54 2%5.80 23.78B
c2-04 ALCOHODLS P33 13.01 12.10 18.35
C2-Cé ALD.3IESTERS 2,51 S.20 5.467 4,34
CH4 AG. 47 41447 38.01 33.33
£2=-£3 HYDROCARBONS i2.81 11.8% 14,99 14.566

4+ KYDROCARBUNE 4,46 S.72 2.42 | . 5.04

approacH T0¢S)

WBS fouilibriumy C

LARBON ACCOUNTABILITYs % (4) P46 106.1 95.8 55.8

- e — e - ——— S 4 T e A2 T o ok o7 7 i ek

¢1} Freshr non-reduced catalust.
{2) Seace Tise Yield (8TY) = YHSY/22.4 % ¥YCO in feed/id0 % %C0 econv./100 % ZSel
1o Dxwsenates/100.
{3) Deftined 32 T = T ea - T hs
where 7 ea = water gas shift eauilibrium temr csleulsted for reacter erf.
composition. .
T hs = hot srot temperature.
(4) Definad =s Carbon observed in Products to Feed Carbon Cenverted.
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. CHEMSYSIEMS INC
SUMMARY FOR RUN # 2Z201-—920
CaTALYST NUMEER @ 197-74 LATE 3 8/4/80
ATOMIC FORMULA ! CuCrfoln 1?5H 11
CATALYST SUPFORT 3 NONE
PREP HETHOD! Ewvsroraiion REDUCTION: Reducesd bw 2% H2 in N2
(17 '
BULK DEMEITY ! 1,35 dm/loe REAETBR TYFE: Bertw
TEST NUMRER 1 2 ) I 4
TEST CONDITIONS ¢
FEEL HZ/C0 RATIOD 2,00 200 2400 200
FEEL CO2 4,90 4,90 4,90 4,90
AVE, TEMP.: C 271.0 273.% 238.0 244,D
HOT SFOTs C 272.0 273.0 238.¢0 2446.0
FRESSUREs rsisg 235.0 230.0 1800.0 1400.0
YHSYy 1/nr/kkgm cat. ) 3509.0 854.,0 322.¢ 3099
HOURES on STREAM ' 3.0 &40 B.O i2.1
RFM 1730.0 1750.0 1720.0 1720.0
CORUTRSION
CO to Frods.» volX 3407 14.3% 5,39 10.24
CO to CD2s vola 1.73 10.21 2.21 &.18
C0y swm molsbr/ksm o3t - 2.07 2441 Y -
. >

STY of nxugenatEE(‘)

gm mol/hr/kdm st + 34 v36 {07 «10
STOICHIDM. HZ/CO converied 51 +51 1.00 47
CﬁﬁBDN SBELELTIVITY (Normaslized Mol¥% on CO2-free Bssis) |
CH3BH . B.32 4,42 7.4 5.78
c2=Cé ALCOHALS - 7.98 7 .84 B, 34 7437
C2-04 &lLD.ERESTERS 14,24 106.77 il,44 it.21
CH4 43,70 A&,32 43.20 43,59
C2-C2 HYDRODEARBONS 1B.62 20.8% 19.38 19,84
44 HYDROCARHONS B.14 2.87 Fe 59 il1.41
APFRUACH TD(3)
WGES Fouilibriums C +00 G0 +00 + 00
CoHRBON ACCOUNTAEBILETY, Z (43 112.,9 106.0 28,3 101.7

{1) Freshs non-reduced cetalust.
{7y Seace Time Yield (STY) = UHSU/Z2.4 % ZC0 in feed/100 X XCO conv./L10C % XEel
tn Oxuvsenates/100.

(T} Dhefined 2s T = T eg - T hs

where T sa = water 2a3s shift esuilibrium temr calrulated for rescicr =2¥7.

comrposition.
T fe = hoil srot temrerztiure.

(4) Defirned az Carhomn observed in Prodocts to Feed Cerbon Converted.



CHEM SYSTEMS INC.

SuUMMAaRY FOR RUN # 20191

CATALYST NUMEER § 197-73
6TOKIC FORMULE | CuCrCeZn K

_ 2125 401
CaATALYST SUFFPORT 1t NONE
PREF KETHOD! Evsrorsgtion
RULK BENBITY(i): 1.47 =a/ce
TEST NUMEER 1
TEST CONDITIGHS
FEED H2/CD RATIUC © 2,10
FEED C@2 - 5,20
AYE., TEWMP.: € 271.4
HOT SPOTy C 272.90
FPRESSUREs rceis ?ig.0
VHEY s 1/ /hr/bksm cat. . 1840
HOURE om STREAM 2.2
RFM 1720.0
COMVERSION !
O to Frods.r volX 13.82
C0 to COZ2y vol¥X 7+28
COs #m mol/shr/kZga cat. 2.40
ix ]

5TY aof axwﬂenateﬁc‘]

egm mol/br/lkgn c5t. 44
STOICHIDM. HZ2/C8 converted + 49

BATE | 8/11/80

REDUCTION! Reduced bw ZX HZ in N2

REACTOR TYPE! Bertw

CAREGN EELECTIVITY (Normzlized Naol¥ on CO2-free Basis) !

CH3GH 8.5%

C2-Cé ALCOHOLE 2,79
£2-Cé ALD. SESTERS +92
CHA 44,48
C2-CZ HYLROCAREONS 18,10
C4+ HYRRDCAREONS 8.13
APFROACH TO' O

W3S Fecilibriums C 21.00

CAREDN ACCOUNTABILITYs % (4D 103.5

{1} Freshs mon-reduted catalust.

(21 Geace Time Yield (STYY = VHEV/22,4 % XCO in feed/100 X %C0 conv./100 % USel

1o Oxesenates/ /100,
(Z) Defined 3s T =T er -~ T hs

wrere T e = water #3s s=hift eguilibrium temr cslculzted for rezctor eff.

cemprositian.
T hse = hot erot temrersture.

{4) Nefinerd ac Carbern observerd in Froducts to Feed Csrbon LConverteds.
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: CHEM SYSTEMS INC.
SUrMMaRY FOR RUN ¥ 201 —92
CATALYST NUMEBER : 197-78 OATE | 8715/8¢
ATOMILC FORMULA 3 CUEP'125CDZn.125K‘11
CATRLYST SUFFCORT @ NONE
FREF METHOD! Evzroration RELUCTIONY Reduced by 2¥ H2Z in NZ
) {17
RULE DENSITY i 1.41 gmsee REACTOR TYFPE! Plus Flow
TEST NUMEBER 1 2 3
TEST CONDITIENE
FEET H2/C0 RATIO N 2,00 2.00 2.00
FEED Co2 5.10 5.10 5.10
ﬁva TE”P!’ D 26240 27630 2?9.9
HOT SPDT, C 263.,0 275, 0 284.0
FRESSURE: raig . 905.0 220,90 ?ic.q
WHSVr 1/he/kdm cat. 38677.0 3341.0 FE2.0
HOURS on ETREAM KPS W% 2.0
KFM +0 + 0 .0
CONVERSIOGN
CO to Prods.r volZ 3.+42 5.89 320.03
20 to CO02+r wol¥ 8B 2,01 20.87
C0s Em molshr/ksm cat. i.82 3+20 .94
o]

BTY of axugenates(“)

Zm mol/hr/kdm cat. : 4B +B3 73
STOICHIOM. H2/C0 converted N-¥ V39 T

CAREON SELECYIVITY (Normalized MolX on COB2-free Basis?

CH30H 4,21 4,69 4,07
C2-04 ALCOHKOLS 7.13 8.71 1547
C2-Cé ALLLLXESTERS 19.63 21,45 beb1
CcH4 ) 3D+16 32.%98 37.4%9
C2-C3 HYLRDCARRONS 21.8% 22,33 23,70
4+ HYDRODCARBONS 12,03 .92 10.17
AFFROACH Tﬁtz}

WES Eauilibriucm: C 142.00 72.00 192.06

" CARBON AGCOUNTABILITY, % (4) 83.%9 112.8 104.6

1) Freshy non-redured ¢atzlust.

t2) Srace Time Yield (STY) = VHEV/22.4 X XCO in feed/10C X XLCO conw./ 100 ¥ x5al
te Duvdgenztes/100. )

{3) Defined @as T = T gwa - T hs

where T en = water #ss shift eauilibrium temr celculeted for resctor &f7.
comrosition.
T hs = hot srol itemrerziure.

(4} Detined 3s Carbwn observed in Froducts to Feed Carbon Cenverted.



CHEM SYSTEMS INC.
SurMMaRY FOR RUN # Z201-23
CATALYST NUMEER § 197-77 IATE § 8/19/80
ATODMIC FORMULA ! CuCoTh ZIn ;R
o} ] 1 25 1 1
£ATALYST SUPPODRT § NONE
FREF METHOL! Ewsroration REDUCTION: Reduced bw 2% H2 in N2
)
BUL K DENSITY(l + 0 4amrfcc REACTOR TYPE! Bertw
TEST MUMBER 1 2 ] 4 5 é
TEST COWLITIUONS !
FEEL H2/C0 RATIO 2.10 2,10 2.00 2,00 2.00 2,00
FEED COZ2 5,00 5.00 5.10 S.10 5.10 5.10
SVE. TEMF.r C 262.0 248.0 270.0 270.0 282.0  284.0C
HMOT SPOYs C 222,80 24B,0 270.0 270.0  283.0  284,0
PRESEUREs rsis $20,0 915.0 920.0  920.0 0.0 F15.0
YHEYs 1/hrrkEm cat. 1807.0 900.0 323%.,0 931,0 3431.0 984.0
HOURS on STREAM 4.0 740 10.2 13.1 18.1 20.2
RPN 17406,0 1780.0 1720,0 1720.0 1770.0 1730.0
CONVERSIBN &
CO to Frods.r volZ 3.61 19,08 5.53 20,50  11.i1 42,80
CO to COZ2y vol% L .69 11.44 1.97 2,30 2,49 21,18
COs gn moels/br kem tat. 1.%90 3.37 2.8 3+41 .73 771
] .

&TY of cusﬁenates(“)

Em manhr/hsm cat. =L +87 . Wi V72 1.7 1,332
STDICHIOM. H2/C0 convertes 1,08 .57 92 V61 76 57
CARBON SELECTIVITY (Normslized MolZ on CO2-free Hasis) !

CHIOH 9. &4 £.80 10,45 7.70 g.94 4. 29
¢o~C4 ALCODHOLS 19,40 28.64 20,35 20,20 21,66 17.37
£2-F4 ALD.RESTERS 7.98 3.68 3.12 2,62 5.02 2.18
CHA 19,828 31,28 37.72 39.B3  34&.96  45.EI
£2-C2 HYDROCAREDNS 17.50 19,35 24,83 25.29 23.75 24,40
C4+ HYDROCARBONS 5.40 7 .84 3.53 4,38 3.47 4,04
AFPROACH TD(S)

#G8 Eeuilibriums € gg.68  T70.00 72,00 142,00 170.00 122.00

CAREON ACCOUNTABILITY, % (4) 104.2 100,8 109.0 105.3 100.2 163,1

t1y Freshs non~reduced cziaslust.
(2} Srace Time Yield (8TY) = WHSVW/22.4 X YOO in feed/i00 % XCO conv./10¢ ¥ “Bel
to DuvsEenstes/100.
¢33} Defineg as T = T ea — T hs
where T ea = water sa¢ ghift ecuilibriuas temr csleulated for reactor eff.
comrositiorn.,
T hs = hot srpi temrerature.
{4) Defined == Carban opserved in Producits to Feedg Carbon Cenverited.
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CHEM SYSTEMS INC.
SuUMMAaltyY FOR EUN * 201-—-93
CHTALYST NUMBRER t 197-77 DATE } 8/:19/80
ATOMIC FORMULA ¢ CuCoTh _Zn R
T L1258 .11
CATALYST SUPFORT ! NONE
FREP HMETHOD: Evarcoration RELUCTION! Reduced be 22 H2 in N2
(1)
BULK LEMSITY 1 G dmSce REALTOR TYFE: Berts

TEST NUMBER 7

TEST CONDITIONS 3

FEED H2/CD RATIO 2.10
FEED LQ2 5.:00
AVE, TEMP.s C 257.0
HOT &FOTy € Z57.0
PRESGSUREr =s5is= 225.0
JHSY, 1/hr/hsm oat. 3z248,0
HOURS on 5TREAM 22.7
RFH 1730.0

CONVERSION ¢

CO to Prods.r volX ) 2.6%9
Co 40 CR2r volX 0%
COr sm mol/hr/kam cat. 1.08
L]
STY of cxggenstes('}
dm mol/hr/kgm cat. _ ¢35
STOICHIGH. H2/7C0 converted +83

CAREBON SELECTIVITY (Nﬁrmalized ¥ol¥ on 002-free Bzsis) |

CH3IDH 13,37
02-Cé ALCOHOLS 17.14
L2084 ALTEESTERS 3.04
CH4 40,00
Co-03 HYNRNCAREDNS 23.57
C4+ HYGROCARBONS 3,74
4
AFFROACH ru’3}
W65 Eguilibriums C ?3.00

CARBON ACCOUNTARILLITY, X (42 101.7

11} Fresh» mon-reduced catalusi.

(2} Srace Time Yield (ETY) = UMBU/22.,4 X “C0 in feed/100 % %LU conv./100 % HLSel
ta Oxugenates/100.

%) Defined 2zs T = T ee - T hs

where T sa = weter gas shifi esuilibrium teme c2lculated for reackor eff,
comrOsSLt1of,
T hs = hot se=ot temeerzatura.

t4; hefinmed zs Larbor nbserved in Produectzs to Feed Carbon Converted.
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SUMMAKRY FOR RUN £ 201-—95 CHEM SYSTEMS INC.
CATALYRT NUMBER $ 197-7% DATE : 2/28/80
ATOMIC FORHULA @ CuCoThZm K ..
CATALYST SUPFORT ! HNONE '
FRFF METHOD! Correciritation REDUCTION: Reduced by 2% H2 in N2
BULK DENSITY 17t 1,52 sm/ec REACTOR TYPE! Berts

TEZET NUMBER 1 2 3

TEST CORDITIONS

FEED H2/C0 RATIC ' 2,00 2.00 2,00
FEED CO2 5,20 5,20 5.20
ﬁUEa TEHF,’ C 26010 26140 2?3{0
HOT &FOTe € 260.0 261.0 Z7%,0
FRESSUREs Fsis 20,0 1530.0 210.0
UHSYs 1/hr/ksm cat. 3202,0 3237.0 3364,0
HOURS on STREAM : 4.4 7.3 12,2
FPM 1710.0 1700.0 1720.0

CONVERSION 3

£0 tg Frods.r vol¥ ' 3,48 4.69 4.27
CO to 02y vol¥ 02 2,561 ks
ChOr 2m mol/hr/kem cat. 1.3% 2.93 1.94
-~
8TY uf uxzsenates(“
gm mol/hr/kdm cat. v 92 V727 70
STOICHIDOM. H2/CD copverted 1,29 23 2.06

CAKEON SELECTIVITY (Normsiized Moli on CO2-free Basis) !

CHIOH 12,68 14,00 15,75
CE-Cé ALCOHULS 23.74 25,04 22,34
CH4 ’ 32009 30.79 37056
T2~C3 HYDROCAREONS 24:35 22,24 20,28
£44+ HYDROCAREQNS 5.84 &.22 3,08
APEROACH 70(3)

WES Fouilibriumy C + 00 100 + 0D
CaRBON ACCOUNTABILITY, % (4) 0.3 89.0 104.%9

t1) Fresns non-reduced oataluwst,
¢%) Srsce Time Yield {STY) = YHEY /22,4 % XCO in feed/100 ¥ %00 conv./100 ¥ XSel
te Drugenatess/100.
(Z) Definegd 2= T = T ez — T hs
whete T ea = water #2z shift eauilibrium tews cezlculated for resctor eff.
comrosition. )
) T hs = hot srof temrerature.
¢4) Defired a5 Carbon observed in Frpducts to Feed Czrbon Comverted.
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SUMMARY FOR RUMN £ 20197 )
LYST MUMBER § 197-73 TATE 3 2/5/78¢0
IC FODRMULA ¥ CulrCoin K
123 .13
LYSET SUFFORT 1 NOME
METHDN: Evseoration REDUCTION: Reduced be 2% HZ2 in N2
DENSITY(1}= 1,38 gm/ce REACTOR TYFE! Plusg Flow
NUMBER i
CONDITIOHS @
H2/CD RATIO 2,10
£o2 : 5.10
TEHP*’ C 27300
SF0RTs 273.0
SURE» mzid ?10.0Q
y Y/hr/kEm cat, 1030.0
S on STREANM 35.4
WD
ERSIDON
o Frods.r volX o, 40
o 02y val¥ _ 1.80
am mol/hr/kem o8t 22
of axBSEnates(E)
gm mol/hrskdn et 19
CHINM. H2/C0 converted $31
ON SELECTIVITY (Normslired Mol¥% on CO02-free Basis) 3
H &,40
& ALCOHOLS B.+26
4 aALD,RESTERS 13.33
IB.79
3 HYDROCARERAONS ] 25,19
HYDROCAREBONS 8:+13
CACH TD(3>
Eguilibriume C 00
OGN ACCOUNTARILITY: #* {4) 99,1
Freshy norn-reduced catslust,

Seroce Time Yield (STY) = VHBU/22.4 % %LD in feed/100 X LU coanv, /100 X ZEel
to Ouxugsnates/100.
Defined ¢ T = T ex — T hs
where T 2a = water gas shifi seuilibrium temsr caleulsted for reazter eff.
comerasition.
T hs = haet sraot temrersture.
Nefired 25 Csrbon observed im Preducts tp Feed Cerbon Convartac.
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SUMMAaRY FOR RUN # 201 -78 c MMM:
CATALYST NUMBER § 197-81 DATE & %/B8/80
ATOMIC FORMULA ! CUFQ.STh.EHRE.EAZn.IZEK.11
CATALYST SUPFORT : NONE
EREP HLTHODY Correciritziion REDUCTION! Reduced bw 2% HZ im N2
{13

BULK TENSITY ¢ 1,02 dmfccC REACTUR TYFE: Beriw
TEST MUMEER 1 2 3 4
TESY CONDITIONS !
FEEDF MZ2/C0 RATIO 2.00 2.00 2.:00 2.09
FEED Co2 500 5,00 5.00 2.00
HOT SFOTe C 2488.0 26240 243.0 242.0
PRECSSUREs psis 20,0 920,00 1%500.0 ?00.0
YHSY » 1/hrr’t’§ﬁl Ca’to 161910 448?-0 : 5162}0 1797 4]
HOURS on STREAN 3.8 8.2 11+3 15.1
RPM {730.0 1730.0 1740.0 1700.0
CONVERZION @ _ .
CB to Frods.s vollZ ' 37.84  10.21 10,41 7,91
L0 to COZ2y volX : 11.76 i.6% 1.89 1.19
€0y gm mel/hr/kem cats 10:10C 71 7.78 2:0%
5TY ol onwsanatescz) =

4 m mﬂl/hrfhgm cat. 102? 1114 11?0 + 44
STOICHIGOHK. HB2/C0 converted + 70 +B7 1,06 +56
CAREON SELECTIVITY (Nermzlized Mol¥ an C02-free Basis) !
CH3IO0H 1:70 78 D44 S+75
Ce-0é& ALCODHOLS 14,15 14,10 17.38 16.44
co-Cé ALL, ZESTERS &b + 73 307 2+65
CHa ' 26,41 28,21 26,460 28,45
C2-C3 HYDROCARBONS 36.30 3741 33,33 I4.06
C4+ HYDROGCARRBRONS 20.58 14.87 14,18 12.43
appROACH TO S
KEE Equilibriums © 00 00 00 » 00
CHREGN ACLDUNTARILITY: Z (4) 101.2 25.3 112.4 0.1

(1) Freshr non-reduced catalust,
(21 Space Time Yiald (8TY) = YHSY/22.4 % %CB in feed/i00 ¥ el convs /100 X XSel
4g Omnudenstess/100.
(Z) Defirnes 2s T = T ea - T hs
where T ea¢ = water gas shift eguilibrium tewms coleuleted for reactor eff,
compocitian.
T hz = hpt esrot Ltemrerzture.
¢4) Defimed s Cerbon observed iD Froducts toc Feerd Carbon Converted.
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SUMMARY FOR RUN # 201-100
CATALYST NUMBER ! Methanol swnthesis cat, / 200-27-2 * DATE : 9/12/80
ATOMIC FORMULA 3 EUAl.Qizn.49 / CuCnTh‘5Fe.SZn’125K.11
CATALYST SUFPORT ¢ NONE
PREP HETHOR! Evaroration (200-27-1) REDUCTION: Reduced by 2% H2 in N2
poLk pENSITY Pt 1,23 swree REACTOR TYPE! Plus Flow
TEST MUMBER 1 2 3

TEST EONDITIONB 3

FEED H2Z/CO RATIO 2.10 2.10 2.10
FEEDL Co2 4,%0 . 4.%0 4.+70
HOT SPDTy © 183.¢ 193.0 219.0
FRESSUREs esis 920.0 ?20.0 920.0
YHSYy 1/hr/kdm cats 3402,0 23388,0 3&84%9.0
HOURS on STREAM 4.0 a.8 10.4
REPM +Q +0 + O

CONVERSION 1

0 to Preds.r volX ' 1.49 1,80 27.4%5
oD to ED2s wolX% .00 + 00 + 45
COy sm mol/hr/hdm cats .58 + 75 i2.5%9
5TY of DRHSenstas(E)

gm mol/hr/lgm c3t. +40 58 11.60
STOICHIOM. H2/00. converted +Bé 7.580 1.0&

CARRBON BELECTIVITY (Mormslized Mol% om CO2-free Rhasis) o

CHIOH 48.90 71.90 92.38
£2-Cé& ALLCOHOLS 2,19 1.70 1,42
£2-C& ALD.RESTERS 5.70 I.50 2 30
CH4 : 10460 .90 1,863
o2-0G3 HYDROCARBUONE 7.20 2,90 2.54
T4+ HYDROCAREONE 3.80 3.1¢ 1.73
APPROACH TD(E) .

WGE Eeuilibriums C 00 00 + 00
CARHON AGCOUNTARILITY, X {4) B7.2 121.3 2B.5

(13 Freshr non-reduced catalwst.

(2) Sesce Time Yisld (ETY) = UHEY/22.4 % %ZCO in feed/100 % ZLD conv./3100C X “Sel
Lo Ouusmenstes/100.

¢Ty Defirned as T = T ga - 7 hs

where T ea = water das shift eauilibrius teme celeulated for resctor eff.
comrosition.
T bs = hct srot temrerature.

{4y Uefirmed ss Carbon observed in Fraducts to Feed Carbon Denverted.

% 17.5=z gf MeOH cztalust in first stades 12,54 200=27=2 in second sisZe.
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CHeEM SYSTEMS INC.
cUuUMMAaRY FOR RUN ¥ 2132 .
CATALYST NUMBER : Methanol suvnthesis cat. / 200-27-2% DATE ¢ %/17/80
ATOMIC FORMULA ¢ Cuhl o,ZR o 7 CuCoTh,gFe, gZn, 1a5K, 11
CATALYST SUFFORT 3 MNOKNE
FREF HETHOD: Ewvgroration (200-27-1) RELUCTION! Reduced bw 2% HZ2 in N2
1{
BULK DENSITY 13! 1.23 sm/oo REACTOR TYFE! Berts
TEST HUMRER 1 2 3 4 o
TEET CONDITIONS i
FEED H2/L0 RATIO 2:190 210 210 2,30 2.10
FEED C@2 5.00 5,00 5.00 5.00 S3.,00
AVE. TEMF.+ C 225.0 225.¢ 208:0 a0g. 0 ?50;0
HOT SFQT» € 225.0 22340 208.0 208.0 25040
FRESEURE, esis= 210.0 -205.,0 205.0 205.90 10,0
YHEY, 1/br/kgm cat. _ 3632.0 12351.0 573,00 3521.0 3I9V2.0
HOURS opn STREAM 3:+8 747 i1.3 id.1 19.4
REM 1740.0 1735.0 1740,0 1745.0 1715.0
CONVERETION 3
CU to Prndﬂllvﬂlz 29437 S0.71 38.57 15056 250?2
ch to CD2» Volz .93 14,89 13.93 1 74 7,48
CO: gm mol/hrskdam cat. 14,80 2.81 4,30 7+.40 17.40
s
5TY of DNHSEHBEEE(*}
gm mol/hr/kem cat. 10,10 9+71 2.45 éeEQ B.+31
STOICHIOK. H2/CO converted 1.50 1,51 1.93 2418 1,&0
CARHON SELECTIVITY (Normalized MolX on CO2-free Basis) 1
CH3IOH 77425 4,42 73,232 87.88 93.12
C2-C& ALCOHOLS 85.20 10.48 4,364 J.74 1G6.57
cp=-Cé ALD.XESTERS 00 1 39 +00 L0G Y
CHa 4,98 8.02 &.40 2.82 14.43
£2-C3 HYDROCARBONS &.53 G 44 .12 0 J.24 12.82
C4+ HYDRDCARBONS 6417 7:24 6481 2,30 Z7.18
arproacH 10
ficic Eguiliorium:e C 00 +00 +00 +00 00
CARBON ACCOUNTARILITY: % (41 100.6 0.6 25.1 9.5 1¢3.0

(1) Freshs nar-reduced cztalust,
¢(?) Srace Time Yimld {(S5TY) = UHSU/22.4 X ZCO in feed/100 % XCD conv,./100 % %Bel
to Oxudenatess100.
(ZY Tlefined as T = T eqg - T hs
uhere T aa = weter doz shift eguilibrium temp calculated for resclor eff.
comrosition. .
T hs = hot srot temrerature.
(4% Nefirned asz Lerborn observed in Froducts to Feed Carbon Converted.

% Rsndom mixture of 12Z.5g Methamol swnthesis rstaslust snd 13.%g 200-27-2
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SUMMARY FOR RUN * 2X13—4 96T
CATALYST NUMEBER § 1%7-89 DATE 3 9/24/80
ATOMIC FDRHULQ H CuCoFe.iTh‘Sanizﬁﬁ'ii
CATALYST SUFPORT ¢ NONE
FREPF METHOL! Correciritation RERDUCTION: Reduced bw 2% HZ in N2
(1

BULK DENSITY ): 1.04 sm/co . . REACTOR TYPE! Eerty
TEST NUKRER 1 2 3 a¥
TEST CONDITIONS *
FEEDR HZ/CO RATIO 2.10 2,10 2,10 2,10
FEED COZ2 4,80 4,80 4,80 4,80
AYE., TEMFP.: C 2463.0 2463,0 245.0 267:9
HOT 8POTs C 2563,0 283.,0 245.0 267.,0
PRESSURE, rsid ?10.0 205.0 F10.0 220.0
UHSYy 1/hr/kdm cat. 3574,0 1092.0 3242.0 3783.0
HOURS on STREAM 3.7 6.3 11.4 ig.1
R 1740.0 173%,¢ 1715.0 1790.0
CONVERSION ¢
0 te Frods.r wolX 13,48 35.72 4,07 .11 11,1 ¥eOH Conwv.}
CO to €02 wvalX 4,32 20.18 1:.13 4,39 (1,3% HelH Conv.’
cOy gm mol/hr/ksgm cat. 7+60 7.21 2.09 5,086
STY of Uxusenateacg)

gm mol/hr/ksk cat. i.71 1.28 + 99 +B7
STOICHIOM. H2/C0 converted 1?1 1,09 1.74 1.4%
CARBON SELECTIVITY (Mormalized MolZ on COZ-free Basis? 1§
CHZGH ’ S+13 4,469 8,18 00
C2-Cé ALCOHOLS 22.27 20,34 22.32 18,37
g2=-C4 AL, ESTERS ) 2.93 2.82 5.37 1.463
CHa 22.8% 34.39 28,64 44,82
C2-C3 HYRRUOCARBONS 29.21 25,98 27.1t 24,37
C4+ BRYDROCAREBONE 14,87 11,38 8.57 B:74
aFFROACH TU(E)
WGES Equilibrium, C .00 + 00 .00 00
CARBON ACCOUNTABILITY: # (&) 102.,¢ 102.9 108.9 979

(1} Freshr ron-reduced catslust.
(2 Space Time vield (8TY: = VHSW/22.4 ¥ ZCO in Teed /100 ¥ %CO conv./100 ¥ %5sl
4o Oxssenstes/105,
(%) Lefined 25 T = T ea - T hs
where T ea = water das shift pauilibrium temsr caleulsied for reactor eff.
comeosition.
T ks = hot srot temrerature.
(4% Nefired a= Carbon observed in Froducts bo Feed Carbon Converted.

£ 7 molo % MeOH =dded to feed 2as
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L - CHEM SYSTEMS INC.
SUMMARY FOR RUN # 213-9
CATALYST NUMBER ! 197-84 IATE @ 10/6/80
ATOMIC FORMULA ¢ CUCORU K .,
CATALYST SUPPORT ! NONE
FREF WETHOD! Correciritstion REQUCTION! Reduced bw 2% HZ in N2
FULK BENSITY' 't 1.67 sw/ec REACTOR TYFE? Hertw

.....-__._...___.....,.__._...___.._..,.....-_...-——_......_,_.....__..._____.._....._...___,.,._...__.......__...._...............__._......._..._ e —

TEST COMDITIONE @

FEER H2/C0 RATIO 2400 2.00 2,00

FEED CO2 -11.90 11.%90 11,90
AVE. TEMF.s C 263.0 264.0 280.0
HOT §F8T: C 264.0 2465.0 280.0
PRESSURE, esikE 230.0 225.0 ?353.0
YHEVs 1/hr/ksgm tat. 2954.0 917.0 33570
HOURS on STREANM 4.9 -V 11.4
RFM 1650.0 1680.0 1700.0

CONVERSION !

€O to Frods.s volZ Z.66 10.91  5.48
£Lo to C0Z2sy voli 1.84 8.9% 3.92
C3» #m mol/hr/ksm cat. 1.77 1.99 I.36
8TY of oxusenatestz) :

gm mol/nr/kEm cat. +40 30 + 59
STHICHIOH. Hﬁbe converted 1;41 1:.18 1.57

CARBON BELECTIVITY (Nermalized Mol% on CD2-free Basis) |

CHIO0H . 1,45 3.10 3.09
C2-Cé ALCOHOLS 1.95 4,38 4,63
£2-Cé ALL.SESTERS 28.53  20.06 22,28
CH4 32,88 33.37 35,31
£2-03F HYDRDCARBONS . 22,27 P5.71 24,68
CA+ HYDROCARBONS 9,71 13.49  10.11
spprOACH TO'S?

WEE Equilibriums C + 00 » 00 .00
CARBON ACCOUNTABILITY» Z (4) 6.0 90.8 BS54

¢1) Freshr non-reduced ratalust.
{2) Space Time Yield (STY: = YHEY/22,4 ¥ %C0 in fesd/100 ¥ ¥CO conv./100 ¥ 4Eel
to Onueenstes/100.
(3) Defirned as T = T ee = T hs : )
where T ea = waler #sis shift souilibrium temr czlculates for repctor eff.
romposition. .
T he = hot srot temrperature.
¢(4) Defined as Carbon observed in Froducts to Feed Carban Converted.
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SsuMHAaRY FOR RUN # 213-11%1
CATALYST MUNEBER § 200-78-1 DATE ¢ 1CG/9/80
ATOMIT FORMULA 3 C“C“.sﬁz.iszn.zzh.os
CATALYST SUPFORT @ NONE

PREF METHOD: Detergent lisrersiocon REDUCTION! Redugced by 2% H2 in N2
BULK DENSITY''’: 1.3 smscc REACTOR TYPE! Plus Flow
TEST NUMBER _ 1 2 3 i

TEST COMDITIONS 1

FEED H2/C0 RATID 2.00 2.00 2,00
FEED €02 11.50 i1.590 11.50
AUE. TEHP&! C 25000 27100 283!0
HOT 5F0Ts C 251.0 271.0 284.0
FRESSUREr rsidg 880.0 60,0 200.6
YHSY, 1/hr/kdm cat. 2550,0 3322.0 3404.0
HOURE on STREAN 5.1 7.2 14,9
REM + D 1 O . 0
CONVERSTION ¢
co tﬂ Prnd5t! vol¥ 2+30 Sfﬁﬁ 9038
0 to CUE! volZ 030 114 072
GOy dm mol/hr/kdm cat. + 72 2,04 3;82
S5TY aof QHHEQHBtES(EJ

gm mol/hr/kdEn cat. + 24 Y- 1.30
STOICHIOH, H2-C0 comverted 4,72 1,62 B7

CARBON SELECTIVITY (Mormslized

¥ol¥ on CO2-free Bassis) @

CH30H 7438 g8.461 764
to-£é ALCOHOLS . 13,01 20,90 24,11
t2~L&6 AL, 3ESTERS 7435 4,91 4,84
cHA 36,32 35.94 33,48
L2-03 HYDROCAREBDNS 24,10, 23,397 23.04
Ca+ HYURQCAREDHNS 11.45 &. 45 &4.8%
ARFROACH Tﬂ(z) .

WES Emuilibraume C 00 00 L 00
CARDON ACCOUNTABILITY: 4 (42 7+ 4 i00.4

(i)
(2D

Frechs man-recduced catalust,
Cezea Time Yield (STYY = VHSVU/22.4 ¥ %C0 in fTeed/100 ¥ ZCO conv./100 % ZSel
te DxwsSenates/100.
lefined 22 T = T es - T hs
where T eg = wster sSas shift eauilibrium teme caslculsied for reactor eff.
comrpasition. :
T hs = het sFot temrerature. .
lefined as Csvborn observed in Products to Feed Carbon Converbled.

3

(4



SUHHAR‘I’ FOR RUN % 213F—13 CH€ME EEMSIHC
===:::::::=::======-n===============--========2====:=====BI=================z===
CATALYST NUMEER + 200-76 dATE ¢ 10714780
aTOMIC FORMULA t CuCr 8CDK 0%

CATALYST SUPFORT @ ﬂONE
PREF METHQD! Everoration REDUCTIDN% Reduced bs 2% H2 in N2
BULK DENSITY(1>: 1.16 #m/cr REACTOR TYPED Bertw
TEST NUNEBER ' ] 2 -3 4 b &
TEST COMDBITIONS &
FEED H2/C0 RATID . 1.98 1.98 1.98 1.98 1.98 1.98
FEED CD02 11.52 11.52 11.52 11.92 11.52 i1.82
BAVE, TEMF.r C 26&6.0 247.0 280.0 280,0 257.0 2972.§
HOT 8FO0T» € 2446.0 28740 286.0 280.0 257.0 298.0
FRESBEUREy FPsis ] 930.,0 P40.0 930.0 230.0 930.0 930.0
VHSYy 1/hr/ksm cat. 3567.0 1050.0 4147.0 B41i3.0 3523.0 103&.¢0
HOURS on STREAH 4,2 B 17.3 13.7 19.3 20.9
RFM 1640,0 15640.0 1540.0 14645.0 1630.0 1£35.0
CONVERSION
€O to Frods.s vol% 13.12 29.%58 £.37 5.13 3.80 12.77
6 to CO2y wvoli 2.28 11,72 3.13 1.87 00 3.23
CO» =m mol/hr/kam cat. 5.86 4,463 5.02 bhi2b 1.45 1.80
ZTY of oxusanataétz) ]
em mol/hr/kEm c¢3t. 1.28 159 +8é 1.03 36 + 25
STOICHIDM. H2/CO converted 1,44 1,19 2,23 75,78 1,23 1.52
CAREON BELECTIVITY (Norpalired MolX on COZ-fres Basis)
CH3OH 4,92 3.91 8.93  9.47 11,30 10.03
r2-Cé ALCCHOLS 19.37 13,54 14.29 11.39 12:.79 12.91
C2-Cé& AL, LESYERS 1.41 142 +41 79 1,00 « 50
CH4 31,92 37.97 a4%9.31 44.79 44,10 45,49
C2-C3 HYDRUCARRONS. 2%.12 24,39 21.02 22.91 21.90 21.%8
Ca+4 HYDROCARBRONS 17,25 i17.8¥ &.04 g8.48 ?»0@ 7.:39
AFPROACH TUcz}
WGS Eguilibrium: C « 00 00 +00 00 » 00 + 00

CAREON ACCOUNTARILITY: X (4) ?1.1 108.1 13343 95,7 100.9 ?5.2

......_—-_—_.......-u_.c-...-__-_....-__.“..._.__._._..._.-__._...-...--———-—-—-.--..---—.»-n——-_._.—...--—-.-.-...n-...-—--_..-——

{1) Freshs non-reduced catalust,
t2) Seace Time Yield {(ETY) = UHSV/22.4 % %CO in feed/100 % XCD conv, /100 ¥ %Sel
to Onwdenstes/100. .
(Z) Defined 25 T = T ea - T NS
where T er = water aa3s shift esuilibrium temr cslculated for rezctor eff,
composition. '
T hs = hot srot temrerature.
(4) Defined es Carbon observed in Froducts to Feed Corbon Lonverted.
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SUMMARY FOR RUN # 213-14 Pi" NEI
CATALYST NUMBER ! 200-75 DATE § 10/2378B0C
ATOMIC FORMULA & CUCP‘QCQK'Q?
CATALYST SUFPFORT @ NONE
FREF METHOD: Evaroration REDUCTION:Y Reduced bw 2% HZ in NZ
ﬁULK BENSITY(1)$ 1.14 2m/cC REACTOR TYPE! Flusz Flow
TEST NUMEER 1 2 3 4 b+ 6
TEST CONDITIONS 3
FEED H2/C0O RATID 2.08 204 204 2.06 2.06 2.08
FEED Co2 i1.7¢ i1.70 11.70 11,70 i1.70 11.70
AVE., TEMF.s C 257.¢ 25%.0 273,06 274.0 292.0 2958.¢
HOT SFPOT: C 257.0 257.0 273.0 278.0 292.9 295.0
FRESSUREs rsid P20 0 00.0 230.0 ?230.0 930.0 230.0
VHSYy 1/hr/kim cat. 4021.0 9£8.0 3IN146.0 1007.0 3290,0 3589.0
HOURS o STREAM i2.9 14.4 i7.8 20,8 7E.% 1060.0
REH +0 0O +0 + O + 0 0
CONVERSION ¢
L0 to Prods.r wvolX 3!54 B'?E 2.%93 10,51 ) &+ 8b B.23
C to CO2» vol%_ ' .1 .05 + 97 379 54 1,47
COr #m molshr/ksgm cat, 1.84 1.26 1,92 1.61 2.+ 48 .75
n

ETY of nxugenates(“)

gm mol/hr/kan ecat. + &5 +19 + 43 29 80 79
STOICHIOM. H2/C0 converted 13.86 1.35 1.40 1.36 2,07 1.B&
CAREON SBSELECTIVITY (Normalized MolZ on CO2-free Hacsis) §
CH3O0H - B.0S - 7.82 10.8%5 8.71 172.33 14,84
Ca-Ca ALCORDLS 28.7% 11.06 1533 14,49 14,47 i5.43
C2~-C4 ALLEESTERS 4,27 2.02 1.99 i.22 + 98 71
CH4 34,12 45,84 44,37 42.98 44,96 47,83
C2~£3 HYDROCAREONS 14.5% 24,01 i9.32 20,41 1786 18,41
E4+ HYDROCAREONS 8.18 8,463 4.23 5.99 2.40 - ¥
AFFROACH Tﬂ(z)
WGBS Equilibriums C 00 .00 .00 00 1 + 00

CAREON ACCOUNTARILITY: X (43 4646 B88.4 ¥8.2 104,32 101.5 9B.3

(1) Frezhs non~reduced catalust,

(2) Sreace Time Yield (STY) = WHEBVW/22.4 % %CO in feed/100 X ZCO conv./100 % %Se}
to Ouugenstess/L100.

(3 Defined as T =T erx - T hs

where T ea = water gas shift eaeuilibrium temr calculated for reactor aff,
comerosition.
T hs = het srot temperature.

(4} Defined as Czrbern observed in Products te Feed Carben Canverted.
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sUMMARY FOR RUN * 213—14 CH€NS|S|EP15!HC.
-======:2===..-_'====-==._":..—."_“..":====l======3:====ﬂ=================--=====:ﬂ‘=======‘l===:
CATALYST NUMBER ! 200-76 DaTE ! 10423780
ATOMIC FORMULA 3 CuCr .CoK .,
CATALYST SUPPORT ¢ NONE
PREF METHOD: Evaroration REDUCTION! Reduced by 2% H2 in NZ
BULK DEHSITY(1)= i.14 gm/ice REACTOR TYPE: Plug Flow
TEST NUMBER 7 : '
TEST CONDITIONS @
FEED H2/C0 RATIO 2,04
FEED CO2 11,70
AVE. TEWF.s C 297:0
HOT SFOTs € 297.0
FREGSSUREr psis 30,0
VHSY: l/nr/keam cat. 3496.0
HOURS on STREAN 122.8
RFHM 0
CONVERSION 1
C0 to Prods.r volX 7.52
8 ta C02, volX 2,78
CO:+ 2m mol/hr/ksgm cBi. 3.%90
b

8TY of axHSEnates(“)

em molshr/ksm cate 1 70
STOICHIOM. H2/COD converted 2,05
rARBON SELECTIVITY (Normalized MolZ on CO2-free Easis) @
CHIOH 13.56
Co-Cé ALCOHOLS 16.30
co-04 ALD.SESTERS 1.44
CHa - 44,79
£2-03 HYDRDEAREONS : 17,95
T4+ HYDROCARERONS . , 5,75
AFFROACH TUcz)
WGES Fouitibriums C 00
CARBON ACCOUNTARILITY» % (4) 118.2

(1
(2)

(3}

(4>

—--—.—--..—-u-—__..-_--.--.—-—__...u..-_——..»_—--._.-.__,.......__..............——__-w-...-‘--—..—__..._---_—_...__-.......-

Fresh: non-reduced catalust,

Gezpee Time Yield (BTY) = VHSU/ /92,4 * ¥EO0 in feed/100 X ZCO conv./100 ¥ iSel

to Oxusenatess/100. .

Defined a= T = T ec ~ T hs

where T ea = uater gsas shift equiliprium tmme caleuwlated for reactor aeff.
' comprusition. i
T he = hot sept temrarature.

hefired #& Carbon ohserved in Fraducts to Feed Cerhon Converted,
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CHEM SYSTEMS NC.
SUMMARY FOR RUNMN # 21314
oA e T ST TN R ENEE S ST N S S S N L D R R R T R S N T RN A AR RO AE S S SESSE S =T 2R
CATALYST NUMBER | 200-76-2 DATE { 10/27/780
ATOMIC FORMULA 3 tiu!Z:i:l‘sl'-'ll.la:‘In.33
CaTALYET SUPPORT : NONE
FREP METHDD: Deterdent Disparsion REDUCTION! Reduced bw 2% H2 in N2
BULK DEHSITY(i)! 1.08 am/co REACTOR TYPES Bertw
TEST. NUMBER 1
TEST CONDITIDNS ¢
FEED H2/CO RATIO 2:00
FEER CO2 10,00
AVE. TEMP.» C 270.0
HOT SPOT. C . 272.0
PRESSURE, rsid , 8790.0
VHSY» I/hr/kEm cat. 44628.0
HOURS on STREAM 7.4
RPN 1510.,0
CONRVERSIAN ?
‘CD to Prods.ss volX 2,54
0 to CO2: volZ 2.86
" EQy sm mol/hr/kam cai. b+16
STY of oxusenates 2’ '
am mol/hr/ksn cat. + 52
STOIEHIOH. H2/C0 converted 1.93

CARBON SELECTIVITY (Norewalized MolX on £02-free BRasis) 3

CH3OH 234

"C2-Cé ALCOHOLS g.32

C2-Cé ALD.EESTERS + 26

CH4' : 45.77

C2-L3 HYDRDCARBONS 30.54

G4+ HYDROCARRBONS 12.74
(3>

APPROACH TO
"WGS Eeuilibriums C

CARBON ACCOUNTABILITY, Z (4) 113.4

—————————— Ty . $if o i A 1 LT B AL T B L A i vl o ey i At S . e e A R A bl RS A A e A s A

{1) Freshr non-reduced cestalwst.
{2) Space Time Yield (STY) = UYMBY/22.4 % ZCO in fTeed/100 X XCD conv./100 % ZSel
1o Oxssenates/100.
{3 Defined 3 T = T ea - T hs
where T sg = water gas shift eawilibrium tear celculztied for reactor off.
comrositicn.
T s = hot srot temreraturs.
t4) Defined 3s Carbon observed in Products to Feed Carbon Converted.,
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| CHEM SYSTEMS INC.
SUMMARY FOR RUN # 213-19
EEwSCSELrSTSREEDTEE EEmwEEEEEEREETES - -1 ) - 1+ ECEESWNEEEERESS EESESMEEEESSES ST EmsE=E
CATALYST NUNBER § 200-89-1 - DATE ¢ 10/30/80
ATOMIC FORMULA 3 CuCr Co LK
B 8.3 .08

CATALYST SUPPORT i NONE
PREP: ETHDD! Everorstion REDUCTION! Reduced by 2% H2 in N2
puLk pensiTy it 1,47 gmsee REACTOR TYPE! Berty

TEST NUMEBER 1

TEST CONRITIONE ¢

FEED H2/C0 RATID 2,00
FEED CO2 12.00
AVE. TEWP.r C 282.0
HOT SPOT: € ' 283.0
PRESSURE: rcig 515.0
UHSV» 1/hr/kgm cet. B74.0
HOURS on STREAM &.9
RPN 1590.0

CONVERSION ¢

£D to Prods.r wvol% 2.88
Co to CD2» vDlX T .02
tgy gm mol/hr/kgm catq + 27
STY of nxugenste5(2)

f-1 ] ﬂol!hra’kgﬂi cat. +18
STOICHIOM, H2/L0 converied 2:41

CARBON SELECTIVITY (Norsszlized MolZ on toz-free Basis) I

CH30H £0.83

£2-Cé ALLOHOLS S.a4

C2-Cé ALD.EESTERS + 00

TH4 22.24

C2-03 HYDROCAREDONS B.06

£4+ HYDROCARBONSE 2.42
{3

AFPROACH TO
W35 Eguilibriums C

CARBON ACCOUNTABRILITY» % (4} &84

__-..——a—--———.—_—_...»-._.-—m-——_...—---—-——-p—__——-.——....-.__..-—.--—..-.-.--"———-—_n—————_-u_—-m——q—m—

(1} Freshs non-reduced catalwst.

¢(2) Beace Time Yield {STY) = VHEU/22.4 % “CO in Tead/100 X XCO conv./100 ¥ XSel

+o Dxusenates/100.
{3} Defined as T = T ea -~ T hs

where T ea = water ans shift eauilibrium temr ealculsted for resctor eff.

comromition.
T he = hot srot temrersture.
{4) Defined as Carbon observed in froducts io Feed Larbon Converted.
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CHEM SYSTEMS INC.
SUMMARY FOR RUN $ 213-20
CATALYST NUMBER ¢ 200-93 DATE : 11/5/80
ATOKIC FORMULA ¢ CuCo oAl 4 oZn ook oo

CaTaLYST SUPPORT ¢ NONE
FREP METHOD: Cobzlt Carbhorgl Imerasgnstion RETUCTION: Reduced be 2% HZ in N2

BULK nENSITY(I): 1.04 am/ce REAETOR TYPE! Plug flow
TEET NUMRBER 1 2 3 4

TEST CONDITIDNS !

FEED H2/C0 RATIO 2.00 2,00 2.00 2.00
FEED CD2 11,90 11.9¢ 11.990 11.920
AVE. TEMF.,» 307.0 204.0 297.0 303.0

HOT SFOT: C 316.0 305.0 298.0 304.0

FREESURE: rsid 9%0.0 250,00 ©S300.0 280.0

UHSY, l/nr/kam cat. 3531.,0 3I3I79.0 1010.0 4P9S.0

HOURS on STREAMN S.2 13,90 i8.0 Z20.5
" REM +0 0 + 0 L0

CONVERSION ¢

C0 to Prods.y valX 14.26 2,483 17.94 44+25
Co to CO2y volX 4,34 1.97 g2.64 -3
L8y sm molsho/kem cat. 7.34 4,33 2,84 5.08
STY of OMBSEHEtES(E)

gm mol/hr/ksEm cst. + 97 1.42 +35 1.40
STOICHIDM, HZ/CO converted 1.41 1.6% 1.38 1.423

CAREON SELECTiUITY {Normalized MolX on CG2-fTree Basis)

CH3IOH EXY-31 17.83 15.84 17.85
L2~Cé& ALLOHOLS 1.17 19.97 s.432 10,727
L2-C& ALD,RESTERS 12.3%9 16.85 &L, 87 59,99
CH4 41.9Q8 32.78 41 .53 345.24
CZ2-C3 HYLROCAREONS 246.74 18.44 22.11 20,89
C44+ HYDROCAREONS 14,87 .04 7.32 g.71
AFPFROACH Tﬂ(a)

WES Emuilibriums T + D0 +00 .00 00
CAREON ACCOUNTABILITY: % (4) ?a.1 10&4.3 102.8 82,5

(1) Freshs non-reduced cataslust.
(22 Sesce Time Yield (STY) = VHSY/22.4 ¥ XCO in feed/100 % XCO conv./100 % ¥*Sel
to Oxwegenzies/100.
{3) Defined 3as 7T =T ea ~ T hs
where T ea = water sas shiftt eeuilibrium teme czlculzted for rezctor eff.
camercsition.
T hs = hot srot temrersture.
(4) Tefined 3c Carbon gbserved in Preoducts to Feed Carbor Converted,
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CHEM SYSTEMS INC.
SuMMARY FDR RUN % 213-21

CATALYST NUHEBER ! 200-%6 baTE ¢ 11i/8/80
ATOMIC FORMULA 3 CuEn'oiﬁl‘iﬁ 338, 05

CATALYST BUPPORT © NONE
FREF HETHOL: Cabslti Csrbonusl larrednation REDUCTIDN: Reduced by 2X H2 in N2

BULK DEHSITYci)S 1.08 um/cc REASTOR TYFE:P Bertw
TEST NUMBER i 2

-—..-.—-——__.._...-.....--..---.-.—..-__..-...--.--_—__.._-_..--.-o———_.—--—.——-...———_—-—----—————_..--.-—-...-—_——_-._.__-.-...—

TEST CONDITIONS 1

FEED H2/C0 RATID 2.10 2.10
FEED €02 12,40 12.40
AVE, TEWF.s C 29B.0 298.0
HOT SPOTy C _ 2990 298.0
PRESSUREs rsid ¢20.0 g20.0
VHSYs l/hr/kdm cat. 1361.0 2 B77.0
HOURS on STREAHM 6.7 13.1
RPHM 1590.0 1540.0

CONVERSICN ¢

L0 4p Prods.s vol¥ 2.20 5.40
CO to COZr wvolX .00 00
Chy gm mol/hr/kem cat. +82 +28
STY of oxusenategt?j

am mol/hr/ksm cit. 70 29
STRICHIOM, H2/C0 converted 374 2.02

CARBUN SELECTIVITY (Normalized Mol¥% on toz2-free Basis) |

CH30H 83.80 85.30

£2-Cé ALCCOHOLS 2.00 2.30

C2-Cé ALD.RESTERS .00 +00

CH4 i1.40 #:10

c2-C3 HYDROCAREONS 1.80 2.10

c4+ HYRROCARBONS « 80 1.20
(3

AFPRDACH TO
WGS Eauilibrium, C

CARBON ACCOUNTABILITYs X (&) 77.8 1.9

..-.-._...-—.....—--.—....-..-—--.-—_—..u-._..-_---.—____....-4.—-—————_.-_.-..————--——..--.—.-——-—————_...._.——-.-———_-..-

(1) Freshs non-reduced catalust.
¢(2) Srace Time Yield (5TY) = VHEU/22.4 ¥ ZE0 in feed/100 % %C0 conv./100 % XSel
to Dxusgenztes/100.
(%) Defined as T = T ea ~ T hs
where T ea = water sas shift eauilibrium temr esiculated for resctor eff.
comrosition.
T hs = hot seot tearersture.
(4> hefined as ECarbeon gbhserved in Products te Feed Carbon Converted.
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CHEM SYSTEMS INC.
SuUMMARY FOR RUN ¥ 213Z--22
CATALYST NUMRBRER @ 200-8B-1 RATE ¢ 11/19/80
ATOMIC FORMULA 1 Cu'SCa'EZnK'QE
CATALYET SURPORT ! NONE
FREF METHOD: Cosreciritstion REBUCTION?! Roduced b= 2% H2 in N3
13
BULK DENEITYc t 1.7 gm/co REACTOR TYFE! FPlug Flouw
TEST NUMEBER 1

TEST CONDITIONG 3

FEED H2/CO RATIO 2.00
FCED Coz2 11.7¢
fYeE. TEMF.r € 272.0Q
HOT SFOT, C 27,0
FRESSURE, ssis 930.0C
YHSYs 1/ hr/hdm cat, Jiz2.¢
HOURS on STREAM 3.5
RFM «0

CONVERSICGN ¢

€0 to Frods.y wolZ 0.24
O to CO2: volX 1.24
o, &am mol/nr/kem cat, 2417
-
3TY of oxsﬁenatesié)
gm mol/she/kgm ecat. 152
STOICHIGH., HZ/CQ converted 1.464

CARBOM SELECTIVITY (Normalized HolX on CGCZ-free Basis) I

CHICOH 3.24
C2-0& alLCOHOLET 5.94
Ex-Co& alh, 3ESTERS . 20.15
CH4 27.70
C2~C¥ HYDROCAREONG i?.54
Ca+ HYLROCARRBONS 11,01
APFROACH TUCB)

WES Eauilibriumy C 00
CaRPON ACCOUNTABILITY: X (42 8.3

1t} Freshr non-reduced catsiwst.
2} Srace Time Yield {STY) = YHSV/22,4 ¥ %ZC0 in Teed/100 ¥ XCD conv,./100 X %Sel
ta Dusgenztes/100.

{3) Defimed a5 T =« T ea - T hs
where T ga = water Has shift eauilibricm teme celculszted for reacicr eff.
comPosition.
T s = hot seot temrersiure.

t3) Defimed a= Carborn ebserved in Products to Feed Carbonm Converted.
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- CHEM SYSTEMS INC.

suMMARY FOR RUN ¥ 213-—-23

CATALYST NUMEBER ¢ 200-83-1 DATE ¢+ 11s11/80
ATOMIC FORMULA ¢ CuCoK 11
+

CATALYST SUFFORT ! NONE

FREF METHODI Bu?recipitatibn REWUCTION! in Sitwu Reduction
. 11

RULK UDENSITY t 1,22 #m/eC KEACTOR TYPE! Berts

TEST HUMEBER 1 2

TEST CONDITIONS 3

FEED HR2/C0G RATID 2.00 2,00
FEED €42 12,10 12.10
AVE: TEMF.» C 290,¢ 288.0
HOT BPOT, € 290.0 28%.0
PRESSURE, Fs5ig z20.0 220.0
UHSVs 1/ht/kEm, cat, I778.0 &6%54.0C
BOURS on STREAM 6.4 8.4
RFM 1505.0 1805.0

CONVERSION !

cO to FProdgs.s volZ 33.65 14.48
o to 002; vol¥ 30.29 7.12
Coy 2m mol/hr/kdn cst. 21.90 16,20
. -
STY of Dxusenatest‘>
gm mol/hr/keEm oat. 347 3,592
STOICHIOH. H2/C0 converiad 1,27 1+327

CARBON SELECTIVITY (Normalized Mol¥ on COZ-free Basis) !

348 4,33

CH30H - _

g2-C6 ALCOHOLS 15.70 10.8%
co-Cé ALD,EESTERS 5,93 i7.16
CH4 40 .68 23.84
Co~-CZ HYLROGCARBONS 23.86 22,23
C4+ HYDROCARBONS 10.25 ii.64

APPROALCH 70(3)

WGBS Epuilibriums C

CARBON ACCOUNTABILITY: % (4 10%.3 103,90

(1} Fresht neon-reduced cetalust.
(2) Space Time Yield (8TY) = WHSY/22.4 x ZCO in feed/100 % ZCO conv./100 X %Z5el
- 4o Onvsenstes/100.
(3} Defirned as T =T ea -~ T hs .
wnere T en = water gss shift esuilibrium temr calculated for reactior eff.
composition.
T hs = hot srot temreraiure.
(2) Defined 2= Cerbon ohserved in Froducts to Feed Carbon Converted.
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CHEM SYSTEMS INC.

SUMMARY FOR RUN % 213Z-24

CﬁTﬁLTBT-NUHBER P200-%9 DATE 4 11/12/80

ATOMIC FORMULA & CuCn‘gsﬁl.IBZn'33K‘05

CATALYST SUPPORT | MONE
FREF METHOD: Cohkalt Carbonul Iarredgnatian REDUCTION: Reduced bs 2% HZ in M2

BULK HENBITY(I}t +23 sm/cc REACTOR TYFPE: Bertw
TEST NHUMEBER 1 2 3 4 ]

TEST CONDITIONS 1

FEET HZ2/C0O RATID 2.10 2.10 2.10 2.1C 2.10
FEED CD2 12,10 12.10 2.10 12.10 12,10
AVE. TEMF.y» © 273.0 273.0 362,00 I02.0 302.0
HOT SFOT: C 273.0 273.0 302.0 302.0 302.0
FRESSUREs rpsid 220.0 920.0 ?15.0 715+ 0 215.0
VHSY, 1l/Phr/kEm c3t, 3220.0 3220.0 37560.0 3760.0 200040
HOURS on STREANM . 4.5 &.0 10.% 10.5 12.5
RFH i4806.0 14%0.0 1S00.0 13500.0 1300.0

CONVERSION 3

G0 to FProdssr volZ 7.49 5.74 5.8¢0 .74 11,00
CO0 to CO2» volX 261 2.:.54& 1.30 1.34 2.80
Chy =m mal/hr/ksm cat. : 3.50 2+%0 3.00 2,70 2,49
5TY of oxssenatesmJ

o lejhrkam Cato 1,05 f?g 1509 24 1.07
STOQICHIOM. H2/CE converted 1.39 1.31 2,09 2.23 i+61

CﬁﬁBON SELECTIUITY {(Normalized MolZ on CO2-free Basis) |

CHXOH - 4,88 ?.54 22.28 23,12 21 4¢
C2-C& ALCOMRLS - 29.41 27,40 19.95 1%.78 19.25
Ca~Cé ALL, BESTERS 3.78 1.599% 1,35 74 A7
CH4 21.58 24.71 33+41 34,25 43453
C2-C3 HYLRDCAREONS 19.354 19,45 146,03 15,45 ls.82
Ca+ HYDRIOCARRONS i8.8% i6.721 &.98B 506 &£.33
AFFROACH T0(3)

W33 Eguilibriume C 05 + 00 + 00 » 00 00

CARRGN ACCOUNTABILITY, %X (4} 103.1 ig1.8 135.46 127.9 107.4

{1y Freshs nmon-raduced catalzsst,
23 Beoce Time Yield (STY) = YHSU/22,4 ¥ %CD in feed/100 ¥ XCO conv./100 % Xsel
to OxwEenates/ 100,
t3ry Defined 25 T = T ea - T hs
where T ea = water sas shift eaquilibrium ifeme czlculated for reacior eff.
comercsition,
T s = hot srpt temrersture.
{4) Defined as Carbon cbserved in Products to Feed Carpon Converted.
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: CHEM SYSTEMS INC.
SuMMaRyY FOR RUMN ¥ 21E~23
CATALYST NUMRER 3 200=-79 DATE 3 il/20/8¢C
aTOMIC FORMULA ¢ CuColn =R 11
o L]
CATALYST SUPPCRT | NOWE
FREF METHGD! Evaroration RETUCTION: Reduced bw 2% H2 in N2
{1?
BULK DENSITY 1 0 gmiec REACTDR TYFE! Flud Flow
TEST HNUMEER i 2 3 4
TEST COHDITIAONE i
FEEL H2/CD R&ATIU 2,16 » 10 2,10 2.19
FEETt CD2 12.10 12.10 12.1¢ 12.14¢
AVE., TEMR.r T 282.0 258.:0 287.0 287.0
HOT SPDT, C 2&44.0 300,90 2B8. 0 288.0
PRESSURE! - -1 94500 250.9 50,0 2530
YHSY, 1/hr/ksm cat. 4320.,0 2820.0 3I100.0 2i00.0
HOURS on ETREAM 3.3 5.2 7.7 2.2
RFM + 0 + O 0 0
CONVERSION &
€O to Frods.s volX 4,47 19.11 10.7% 11.13
co to COZ2ry volZ 2.03 14.39 datl 5,07
COr gm mol/hr/kem cat, 2,00 1¢.40 5.70 5,80
el
57Y of oxszenates(“)

#=m molshr/ksm cat. e 39 1.09 + 97 1.3%
a10ICHIOM, H2/CO converted 2.30 1.9 1,33 1.23
CARBON SELECTIVITY {({Normaliced Mol% on COR-free Basis) 3
CHEOH 3.49 2,28 4,52 2.%50
c2-Cé& ALCOHOLE 5.23 734 8.39 14.37
c2-Cé ALDR.LESTERS 20,77 B.76 13,55 13.%1
CH4 32,54 43.44 30.48 29.52
Ca+ HYURGCAREBONS 15,49 11.92 15.32 12,67
A PROACH TD(S)

WG5S Eguilibriume C +00 G0 100 »00
CAREON ACCOUNTABILITY % {42 105.7 2.0 105.4 114.2

(17

(2)

(33

(&)

hefinet ac

freshr nen-reduced caztalust.
Seace Time Yield
to Owudenstes/ 100,
Defined as T =T eg - T he

(8TY): =

YHGU/22.4 % ZED in feed/100 X %0 conw./100 ¥ XSel

where T er = water =a2s shift eauilibrium Lemy caziculzied for reactor eff,

comrpsition.

T ne = hot srot temrersiure.

Carhon cbserved in Froducis te feed Carben Converted.
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CHEM SYSTEMS INC.
SUMMARY FDR RUN # 213-—-24 MS
=======.I-----Bﬂ=========$===8=IS==S#===B-------------:-wﬁ=‘==3=I-ﬂﬂﬂﬂ==lﬁﬂnﬂ===l
CATALYST NUMBER & 217-3 BRTE { 11/26/80
ATOMIC FORMILA : Cula SK.11
CATALYST SUPPORT : HNONE
PREP METRHOD! Correciritation REBUCTIBN? in Situ Reduction
i
puLk DENSITY '’ 0 -sm/ce REACTOR TYPE: Berty
TEST NUMBER i 2 3 4
TEST CONDITIONWS ¢
FEED H2/C0 RATID . 2,10 2,10 2.10 2+10
FEED £02 12,00 12,00 12.00 12,00
AVE. TEMP.r C 247,0 2B&.0 293.0 2930
HOT SFPOT: C 248.0 287.0 294,0 294.,0
PRESSUREs esig 225.¢0¢ 225.0 ?50.0 50,0
VHSVY, 1/br/kdm cat. 3950.0 3950.0 3%75.0 3I?75.0
HOURS on STREAM _ 2.0 3.8 B.O 2.2
RPM 1500.0 1490.0 14%90.0 1500.0
CONVERSION ¢
CO te Prods.s veallX 1.462 &.33 8,23 8.51
0 to £O2y volX i,88 4448 4,55 3.79
CO, gm mol/hr/kam cat. 1,59 4.80 5.50 5.30
S5TY af nxsﬁenate&tz}
Sn mpl/hr/kdn cat- 28 79 1.24 1.33
STOICHION, H2/CO converted 3,11 1.70 1.67 1.49
CARBON SELECTIVITY (Mormalized MolX on CO2-free Basis) I
CH3DH 4,31 4.87 b.36 b.+6%
E2-Cé ALCDHOLS 4,93 b.76 10.71 i1.564
£2-cé& ALD.EZESTERS 30,17 24,00 17.54 17.34
CH4 : 2%.94 32.52 33.53 32.80
C2-C% HYDROCARBONS 17.03 19.30 20.02 19.51
~ C4+ HYDROCARBONSG 14,91 12,35 11.64 12.14

APPROACH TQ(J)

WEE Equilibriums C

CAREDN ACCOUNTABILITY, X (4) 217.0 127.%9 113.7 105,.1

ORI pp— TR P LB B P Db T bl D et bbbt s

(1) Freshs non-reduced catalust.
{(3) Space Time Yield (STY} = VHS5Y/22.4 ¥ XCO in feed /100 X XLO conv./100 X ZS5ml
to Oxugenates/100,
{3) Defined as T = T ea — T hs
where T ea = wster g8 shift eeuilibriuva tems ecalculated for resctor eff.,
crorposition.
T hs = hot srol tewrerstiure.
¢4y Detined os Carbon ebserved in Products to Feed Carbon Converted.



sSuMMHARY FOR RUN # 213-28 CHEM SYSTEMS INC.

CATALYSY NUMBER ¢ 200-86 LATE ! 12/12/890
ATONIC FORMULA ! CuCoZn 5K 11

CATALYST SUFPORT : MNONE

FREF METHOD:! Copreciritation REINUCTION: Reduced by 2¥ H2 in NI
BULK DENSITY(i)i 0 Z2a/cco REACTOR TYPE! Plus Flow
TEST NUMBER 1 2
TEST CONLITIONS ¢
FEED H2/CE RATIC 2,10 2,10
FEED CDZ 12.00 12.00
aYE. TEHF.s C 281.0 302.0
HOT SFRT: € 282.0 302.0
PRESBURE: psid 50,0 94040
MHEYy 1/7hr/bkam cat. 47480.0 . 4740.0
HGURS orn STREAM 3.7 4,5
RFPH e 0 0
CONVYERSION ¢
00 tpo Prods.e volX C1.49 .15
CO to €02y volX 41 74
COs &m mol/hr/k:m Cato + 97 2,00
5TY of nna!enatestz) '
dm mol/hr/kEm st «17 32
STHICKIGH. H2/L0 converted J.12 4 45

CAREON SELECTIVITY (Mormalized MolX on ca2-free Basis)

CH3OH S.60 4,94
¢2-Cs ALCOHDLS H+B3. 5.92
£2~Cé ALD.LESTERS i1.19 8.7
CH4 39.00 37.61
C2-C3 HYOROCARBONS 24.55 25,91
£4+ HYDRDCARBONS 13.86 15.05

AFFROACH TCI(3>

UGS Eeuilibriums C + 00 + 00

CHREBON ACCOUNTABILITY. Z (4) 133.0 144.0

(1) Freshr non-reduced cataluwst.
{7y Sepece Time Yield {(8TY? = UHEU/22,4 ¥ %C0 in feed/10C¢ % XCU conv./ 3100 % XSel
to Duwzernates/100,
t{2) Defined as T = T ea ~ T hs
where T e = water gas shift sauilibrium temp czleculated for resctor eff.
comgosition,
T hs = hot srot temrerature.
(4) Lefired @s Carbon observed in Products io Fesed Carbon GCeonveried.
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SUMMARY FOR RUN # 213-29  CHEMSYSTEMS INC,

CATALYST NUNBER i1 209-%1 DATE t 12/10/80
ATOMIC FORMULA .+ CuloFe  Th :

_ 17, 5% 1058 11
CATALYST SUPPORT § NONE
FREF HETHOD: Correcieitation REDUCTION! Reduced bw 2% HZ in N2

suLk DENSITY Y’: 1.2 gm/ce REACTOR TYPE: Bertiwu
TEST NUMRER ) 1 2 3 4 g

e e e it ot L e A G A T T 77 Y2 e P 1 ko b T4 kS L - T Y e e . i e S o o o o e

TEST CONDITIONS @

FEED H2/C0D RaTIOD 2.10 2.10 2,10 2.10 2,10
FEEL Co2 12.00 12.00 12.00 . 12.00 12.00
AVE, TEMF., C 263.0 252.0 a22.¢ 232.90 245.0
HOT SFOT: € 254.0 253.0 223.0 233.0 2456.0
FRESBURE: esig 220,90 9290.0 F45.0 243.0 F45.0
YHEVs 1/hv/Kkam cat. 3800.0 3250.0 3I780.0 3750.0 74670.0
HOURS on STREAM 2.0 3.3 8.0 ?.0 10.5
RPHM 1480.0 14840.0 1510.,0 1500.0 14%0.0

CONVERSION !

£0 to Prods.s volZ 75.37 7i.22 7434 i6.87 12.00
CO to CD2y wolX ’ 17.33 14,78 1.84 3.23 4,00
COy 2m mol/hr/ksm cat. 37 .48 30.00 3.77 4.34 13.30
STY of oxwsenates®?’

gm moellhr/dm cat. 164 1,93 .87 1.30 2.48
STOICHIDH. HZ2/C0 vonverted 1.78 1.48 299 2.35 2.37

CAREON SELECTIVITY (Normalized MelX on co2-free Hasis)

EH3I0H 00 24 5.12 5.04 5.20

£2-C& ALCOHOLE 98 4,47 20,24 19.83 18.94
C2-Cé #LD.IESTERS 1,11 1,45 3.37 3,00 2.67
CH4 28,91 25,48 25,74 26,41  29.08
£2-€2 HYDROCARRONS 13.83 33,21 28.42 27.91  27.C8
C4+ HYDROCARBONS 35,18  35.25 17,00 17.%7  16.94
arFroAcH To3 ' :

WG3 Equilibriums © 00 .00 .00 400 .00
CARECN ACCOUNTABILITYs % (4)  120.1  138.4 94.7  100.9  108.3

(1) Fresh» non-reduced cataluct. ) )
(2) Smace Time Yield (STY? = UHSVU/22.4 % ZCO in feed/ /100 ¥ ¥XCO conv./100 % %Sel
to Ouudgenates/100.
(Z) Lefined as T = T @ - T hs
where T ea = water gas shift eauilibrium tesmr cslculated for rezctor eff.
comrosition,
T hs = hot srol temrersture.
(47 lefined as Carbon observed in Products to Feed Carbon Converted,



SUMMARY

CATALYST MUMEER 3 217-3
4
ATOMIC FORMULA 3 CuCu'3K.°77

CATALYET SUFFORT : NONE
PFREF METHOD!! Correciritation

' (1)
BULK LENSITY P 1.2 sm/foo
TEST NUMBER

TEST COMDITIONS 3

FEEL H2/C0 RATID
FEEL €02

) AUEI TE“P.! E

HOT 8PDT: C
PRESSUREy #sis
YHSVy 1/hr/kdm cst.
HOURS en STREAM

RFM

CONVERSION 3

LD to Froeds.s voli
C0 to C02r wvolX
t0r 2mn mol/hr/kar cat.

STY of stsenates(2)
d4p mollhrikgm cat.

STRICHIOM., H2/C0 converted

-320-

FOR RUHN # 2313-—-31

2.10

12,00
272.0
280.0
72040

3540.0

4.3
150040

B.42
3.48
4,69

1.25

1.22

DaATE ¢ 12/12/80

REDUCTIDN! in Situw Reduction

" REALTCR TYFE! Eerts

2.10

12,00

2879.0
29040
$20.0
2540.0
5.5
1560.0

11.%1
5.79
7.0%

1.74

1.42

2,10

12.04
278.0
299.0
220.0
3660.0
R
1560.0

16,44
?.74
10.50

2,13

i.20

CARBON SELECTIVITY (Normalized Mol¥ on COZ-free Rasis) ¢

CHIOH

C2-C4 ALCOHOLS
£o-Cé ALD,LESTERS
CH4

£2-C3 HYDROCAREONS
CA+ HYDRDCARBONS

aFFROACH TO
WG5S Eguilibriugs C

CARRON ACCOUNTABILITYs % (4}

(1) Fresh,» non-reduced catalust, :
UHSVA22,.

(?) Srpace Time Yield (BTY) =
to Dxugenastess/100.

{3) Defired s T = T ea - T bhs

4,21
6. 04
27.24
29,74
19,23
13.562

4.61
10.55
23,25
31,990
19.32
12,63

100.5

4,74
13.6%9
13.¢9
34,35
21,17
12.24

107.0

A & ZCO in Teed/100 ¥ XG0 conv./100 % ¥Sel

uhere T eq = water gas shift ecuilibrium temr calculzted for resctor eff,

- composition. :

T ns = hot srot temrerziure.

{4) Defined =zs Carbon cbserved in Producis to Feed Carbon Converted,



CATALYST NUHRER 1 217-46
ATUMIC FORMULA I Gulo

CATALYST SUPPORT 1 NONE

FREF METHOD! Cobelt Cerbenel Imepresnation

BULR BENSITY(lji 76 HEmAcCe

TEST NUMBER 1

TEST CONDITICNS @

FEED H2/C0 RATID 2.00
FEEL COZ 11.48
AUE. TEHF‘{! C 2?100
HOT P07y C 272,0
FRESSURE, mrsid ?230.0
UH8Yy 1/hr/kzm cat. I7B7.0
HOURS omn STREAM 4,3
REM 1500.0

CONVERSION 8 _
CO to Frods.» vnli 1.%0

D to CO2: wolX .00
€Oy dr mol/nrskan cat. .78
STY of axsgenatestg)

gm mol/hr/bkam cad. + 38
STYOICHIOM. H2/L0 converted 769

FAREON SELECTIVITY {(Normalized Mol% on C02~free Easis)

CHIOH 40.50
gd~-04 ALCODHOLS 2,70
£2-C6 ALE.RESYERS + 00
CH4 32430
C2-03 HYLRROCARBONS 14.40
C4+ HYDROCARBONS 2.00

acproacH 7ot

W35 Eeuilibrium: C

CAREON ACCOUMTABILITY, ¥ (4) B4.1

o077t 187, 33", 05
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2,00

11.68
273,0
27340
950.0
$10.0
6.7
1500.0

5.19
1.01
41

29

2+61

40.02
15,01
+00
16,12
16,13
*:51

DATE

in Situ Redurction

REDUCTION®
REACTOR TYPES
3 4
2,00 2.00
11.68 11,48
300.0 300.0
301,0  301.0
950.0  950.0
3405.0 3605.0
10.7 10.7
1490,0 1500.0
3.10 8.34
.00 1.24
1.38 1,05
.85 V51
3,80 2,04
51,90 44,54
10,50 11.0%
L 00 .00
24,90 24.13
10,00 13.12
2.70 5.06
89,2  108.3

Ferts

e e e o e e e e e e e i T T i 3ok b WA e e R A LA L A AL B T T e a1

(1) Freshr rnon-reduced catslwst

(21 Space Time Yield (STYY = UHBV/22.4 % %CD in feed/100 ¥ XCO conv./1060 % XSel

to Oxwganetes/ 100,
t3) Defined as T = T ea - T hs

where T ea = weter sas shift eouilibrium temr caiculsted for rezctor eff.

comrosition.

T hs = hot srot temperature.

(4) Defined &s Carbon observed in Products toc Feed Csrpon Converted.
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CHEM SYSTEMS INC.
SUMMARY FOR RUN # 21ZX—33

CATALYST NUMEER & 217-1  DATE : 1/6/81
ATOMIC FORMULA I Cuhl'ls Zn‘33h’°5
CATALYST SUPFORT : NONE
FREF METHOD! Imeredgnaztion REDUCTION!: Reduced bw 2X¥ HZ in R2
puLk DENSITY1’: 1,34 sm/ec REACTOR TYPE! Plug Flow
TEST NUMBER 1 2

——--_...._.......——-..—.-—--_—_—...—...—..;..---—..._-.___...__....——-..-——n—-——____.....-.-.»--—n————.._-....—..._...-.—.-...——--.....

TEST CONBITIONS &

FEED H2/CD RATID 2.00 2.00
FEED CO02 11.94 11,94
HOT BROT: C 272,0 299.0
PRESESUREs rsig 240.0 P850
YHBVs Ll/hr/kdn cat. 2859.0 2470.0
HOURS on STREAM . 2.0 - 3.3
RPH 3 -0

CONVERSION 3

C0 to Frods.r volX 29,52 20.25
£0 to CC2» veli 1B + 65
£0, #m mol/nr/ksm cat. 7.30 4410
8TY of axuﬁenatestz} .

gm mol/hrsksm cat, 7.10 5,70
STDICHION, H2/C0 convarted 2,12 2,12

CARRON SELECTIVITY (Normslized MolZ an co2-free Basisy 3

CH30H 297.2B 92,47
pR-Cé& ALCOHODLS «BO 2,48
Co2-Cé ALDLZESTERS +00 +72
CHe 1.11 1.49
Co-03 HYDROCARBONWS .70 Ja52
c4+ HYDROCARERONS 60 1.75
APFROACH TO 'S’

WES Equilibrivas C « 00 00

tAREDN ACCOUNTARILITYy % (43 98.3 104.2

—w--«w——-n-l-———_—_-——-—o_--——-.—--—-—.——_-————--————_-.—_---—--m-—-————.—--_--ﬂ-——-————-—.——_-——_—-

{1} Freshr non-reduced catalust.
(2} Seace Time Yield (STY) = VH8VY/Z2.4 ¥ YLO in feed/100 ¥ XCO conv./100 ¥ ZE8el
to Opusgenates/10G.,
¢(2) Defined as T = T ma - T hs
wnere T ea = water sSss shift eauvilibrium temr calculatad for resctor eff,
comrosition, ’
T rs = hot srpot LemPeErsture.
{4) Definad as Carbon observed in Froducts to Feed Carbon Corverted.
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SUMMARY FOR RUN # 213-34 C E FBWC
======ﬂ====================-l-I---B-=EHIﬂ-:===8=======S==================z======
CATALYST NUMBER 3 217-7-1 BATE § 12/22/8B0
ATOMIC FORMULA CuCoK‘os
CATALYST SUPPORY ! NONE
PREF METHOD: Cosrecisitation REDUCTION! in $itu Reduction
BULK DENSITY'!’: 0 smsce REACTOR TYPE: Berty
TEST NUMBER 1 2 3 4
TEST CD&DITIDNS :

FEED H2/ED0 RATIC .2.00 2.00 2.00 2.00
FEEB CD2 11.80 11,80 11.80 i1.80
AVE. TEMP.r C 2722.0 273.0 281.0 291.0
HRT SPOTy E 273.0 274,0 281.0 292.0
PRESSURE: rsid 955.0 255.0 955.0 05.0 -
VHSW L/hr/kga cat, 3430.0 1139.,0 B338.0 46740.0
HOURE sn STREAM 4,9 5.8 i2.3 1444
RPH 1700.0 1770.0 1730.,0 1750.0
CONVERSION
L0 4o Prods.s volX 11.87 37,58 4,49 7463
£0 te GD2y volZ 5.13 23.82 1.4) 347
Chr osm mol/br/kas cat. 4,74 7164 9.57 8,35
8TY of uxusanates(

un wol/he/kEm cat. 1.72 1.34 1.5% 1.90
STGICHIONM. H2/C0 canverted 1.29 1.07 .92 1,24
CAREDN SELECTIVITY (Narmalized Mol%Z on CO2-free Basis) i
CH30H 5.01 4,08 4.20 5.04
C2-C6 aLCOHOLS %.31 17.97 B.65 ?.78
C2-€4 ALD.IESTERS 22.21 &+ 54 27.60 is8.52
CH4 30.80 3i.37 32.72 35.74.
C2-£2 HYDROCARBONS 21,35 27.12 i8.79 21,18

C4+ HYDROCARFONS 11.32 12.91 11.04 8.44

APPROACH TD‘z>

WGS Equilibriums C

CARBON ACCOUNTABILITY: X (&) 98.0 98.46 102.4 110.7

i o i A oy S S e o S T S S T . A . . S . o e A S el S R L AL U A A ke v W . P v ey -

{1} Fresh» non-reduced catzlust,
{2} Srace Time Yield {(8TY) = VHS8V/22.4 x %CO in feed/100 X ZCD conv./100 x XSel
_ to Oxwsenstes/100. :
{3Z) Defined as T = T #a - T hs
where T #a = water saa shift epauilibrium tesp czlculmied for reactor eff.
composition.
Y hs = hot spot temrerature.
{4) Dafinead as Carben observed in Products to Feed Carbon Converted.
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SUMMARY FOR RUN # 213-3& ‘JEMS&&WBMC
CATALYST MNUMHMER } 200-83-2 DATE ¢ 1/7/81
ATOMIC FORMULA 3 CuCo
CATALYET SUFFORT 3 NORE
FREF METHOL! Ceorreciritation REDUCTION! in Sitw Reductieon
puLk pENSITY 27t 0 smsec REACTOR TYPE! Rerty
TEST HUMRER 1 2 3 4 L -
TEST CONDITIOGNS 1
FEED H2/C0 RATIO 2,00 2,00 2.00 2,00 2.00 2.00
FEED CO2 12,060 12,00 12.00 12.00 12,00 12,00
AVE. TEMF.: C 271,0 271,0 291.0 291.0 290.0 251.90
HOT SPOT: C 271.0 271.,0 221,90 291.0 290.0 251490
PRESSUREy Fsid 908.0 §07.0C 908.0 2i0.,0 %10.0 210.9
VHSVy 1/hr/ksEm cat. 1930.0 3780.0 3565.0 S000.0 D0&D.U 2040.0
HOURS on STREAM 2,5 4,0 5.7 a,8 | 10.3 i1.8
RFH 15100 15i0.0 1%520.0 1490.0 1480.0 1320.0
CONVERSION 1
CO to Frods.s voli 23.00 12.58 43,49 18,1% i7.14 2,95
£0 te CO2s vol¥ 19.20 10,42 29,51 10.11 .56 3.95
CU! =11 mn]/hf‘/kgﬂl rcat. 9!10 9080 2?&20 15¢90 15020 1!49
ETY of nxsgenates(Z)

#m mol/nr/kdm cat. 1.23 1.90C 3.33 2,94 2.81 37
STOICHIOM. H2/CD converted . 2?5 1.02 1.07 1,10 1.61 1.61
CARBON SELECTIVITY (Normalized MolZ ob caz-free HBesis} 3
CHIDK 3.85 3.69 2,18 4,51 4,38 T, 42
£2=C4 ALCDHOLS : P Eb 16,41 13.74 11.05 10.5% 4,23
c2-C6 ALL.BESTERS 12,29 15.49 3.1% 13,38 13.86 28,70
CH4 42,54 30.43 46.95 26.58 35,83 28.17
c2~03 HYDROCARRONSB 21.1¢ 21,28 24,00 23,81 23.48 20,22
C4+ HYDRDCARRONS 10.46 12.28 10.907 10,89 11,58 13.24
apFROACH TO¢3?

WGE Ewuilibrium: C

CARRON ACCOUMTABILITYs Z (4) 89.8 1i%.4 101.1 108.7 110.2 166.5

¢{1) Freshr non-reduced catslust.
(2} Space Time Yield (STY) = UHEU/22.4 % XZCO in feed/100 % ZCO conv. /100 ¥ XS5el
to Omxusenstess/100.
(3) Nefined as T = T e - T hs
where T e = water gas shift eauilibrium tems csiculated for reactor eff.
comrpsitione.
T hs = hot srot temrerature,
t4) Defined &s Larhon coserved im Products to Feed Carbon Converted.
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- CHEM SYSTEMS INC.
SUMMARY FOR RUN # 213-38.
CATALYET NUMBER ¢ 217-15 - T pate :ot/1e/81

ATOMIC FORMULA 3 Cok 11

CATALYST SUPFORT :50.0X% A1203
FREF HMETHOIt: Cu?reciPitétiDn Impregnation REBUETION: im Bitu Reduction

(
BULK DENSITY S7: 1.14 am/ce REACTOR TYPE: Eerty

TEET COMBDITIGNE ¢

FEED H2/€0 RATIO 1.%24 1.96 1.96
FEED Cu2 11,92 11.92 11,92
AVE., TEMF.» T 24%9.0 248.0 28%.0
PRESSURE: Fsig ?15.0 ?215.0 ?15.0
Y4qsy, 1/nrskgm cst 2080.0 4070.0 7080.0
HOURS on STREAM 1.5 3.0 Ja 0
RPM ' 1500,0 1500.0 1300C.0

COMNVERSION @

O to FProds.» voli 14.7% 17.55 2B.21
€0 to CO2+ volZ ?.91 ?.1% 14,87
CO: €m mel/brskdam cat. 5:97 11.80 33.10
STY nf'axuaenstas(z)

gm mol/ar/ksm cat. 1,402 261 F+98
STGICHIDHM. H2/C0 converted 1.08 +88 W99

CARRON SELECTIVITY (Mormalized HMol¥X on CO2-free Basis) |

CHIOH ' ,33 30 .31

Co-0& ALCOKOLS “1,84 3,35 4,43

to-g6 &L, SESTERS 28,40 29,97 22,77

cHa 23,56 25,41 16.81

£2-C3 MYDROCAREBONS 22.22 20,84 34,38

4+ HYDROCAREBONS 23,58 19,93 14,81
(3

AFPPROACH TO
WG5S Eeualibiriums C

CAREON ACCOUNTABILITY» X (4) B7.7 100,46 115.8

1) Fresh: non=redueced cetalust,

£2) Space Time Yield (STY) = VHSV/Z2.,4 % %#C3 ir fesd/100 % XCO conw./ 100 ¥ £Gsl
to Owueanates/100.

¢3) Defined a5 T = T e -~ T NS

where T eg = water =Zaz shift ecguilibrium temm calounlated for re=ctor eff.
comrosition.
T hs = hot srot temsersture.

{(4) Defined s Carbopn observed in Froducts tg Feed Czrbon Converted.
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SUMMARY FOR RUN # 213-3% CHEM SYSTEMS INC.

e EEEEE R A Er RS S SR EEEES ST S s RN S A S I I NSRS RS S R TR T IOSS SRS
CATALYST NUHBER ! 217-8 DaTE ¢ 1/19/81

ATONIC FORMULA ! C”c°.13“1.1az“.3zx{os

CATALYST SUPFORT ! NDHE
FPREF- METHOD? Cobali Cerbonwl InFrednation REDUCTION! Reduced be 2X H2 in N2
{13

BULK DENSITY = | 1.25 sm/ec REACTOR TYPE! Plus Flow
TEST NUMBER - 1 2 3

TEST CONDITIONS !

FEED H2/€0 RATIO 2,00 2.00 2.00
FEED- CO2 “11.71 11.71 11,74
AVE..TEMP+.» [ 270.0 302.0 302.0
HOT §POT, C 271.0 303.0 302.0
PRESBUREs rsls $55.0 985.0 . 945,90
VHSVe 1/hr/ksmn cat, 2660,0 2660.0 W170.0
HOURS on STREAM 1.1 247 4,1
RPN + 0 0 o0

CONVERSION ¢

CO to Prods.r volZ T 27 9.08 2.77
€0 %o COZ» volX 5.73 i.82 13
£0r #m mol/hr/kea cat. 2:.58 2.13 .B2
STY aof oxusenates(

g molshr/kge cat. «70 + 7B 162
STOICHIOM. HZ/CD convertad 1.74 1.77 4,23

CAREON SELECTIVITY (Moraalized MolXZ on CO2-free Basis)

CHIDH 330 P73 15.20

£2-Cé ALCOHOLS 2%.19 20,89 206.86

[‘.2-86 ﬁangESTERS 2075 2004 3498

CH4 27.80 32.566 3T.23

£2-£3 HYDROCARBONS (23447 20.2% i7.61

L4+ HYDROCARBONS - 21.1% 14,29 ?.12
3

APPROACH TO
WG5 Eauilibrium: C

CARBON ACCOUNTABILITY: Z (4)  187,0 80,4 140.5

.—...-_.._..._.._._—_———_...-——-c--uu-.——.c-—nq.-—_—__—-..-.-——4-..p.-—-...—-..-—.-.—.-—_____‘..—_.——-.-_-._..._-—-—u--—_

t1y Freshs non-reduced catalust.
(2} Seace Time Yield {STY) = UHBY/22.4 ¥ ZLD in feed/i00 ¥ ZCO conv./100 ¥ XSel
tp Onugenatess/ 100,
(3) Defined 3s T =T ea -~ T hs
where T ea = woter sas shift eauilibrium temr ealculated for reactor eff.
composition.
T hs = hot srot tewrerature.
(4) Detined as Carbon observed in Products to Feed Carbon Convarted.,



SUMMARY FOR RUN * 213-—-40
CATALYST NUMBER | 200-81-1 DATE : L/22/81
ATOMIC FORWULA ! CuCoTh K .4
CATALYST SUPPORT 1+ NONE
FREF HMETHOL: Coereciritation RETDUCTION? in 3itu Reduetion
DULE HENSIT?tl): 1,14 smsce REACTOR TYPE! Plus Flou
TEST NUMEBER 1 2

TEST CORNDITIONG 3

FEED HZ2/C0 RATID 2.07 2,07
FEED CO2 ) 14,41 11.41
AVE. TEMF.» C 255.0 272.0
HOT SFOTs C 256.0 273.0
FRESSUREs rsid 65,90 240.90
VHEY, 1/hr/kdm cats - 4340.,0 4450.0
HOURS on STREAM 1.1 2.5
REM + 0 +Q

CONVERSTON @

£8 to Fraods.» volZ 4,91 10!19
L0 to D2y volZ Ny .71
CUr 2w mol/hir/ksm ot 2,40 5.14
STY of oxssenatestz)

gm mal/hr/ksm cat. + S50 1,09
STOICHIOM. H2/C0 converted Z2.81 2.:39

CAREON SELECTIVITY (Normalired Mol¥ on CO2-fres Easis) i

CHZOH 4,68 5.35

C2-C& ALCDHOLS . iz.89 14,33

C2-C& ALL.ZESTERS 4,45 2.1¢

CH4 ) 36.95 39.37

£2-C3 HYDROCAREONS 25,55  23.74

£4+ HYDROCARBONS 15,28 13.80
£33

AFEROACH TO
38 Equilibriums E

CARBON ACCOUNTARILITY, X (42 g9.4 78.3

(1) Frashr non-reduced catalest.
(2) Serazre Time Yield (STY) = VHEY/22.4 ¥ HCO in feed/100 ¥ %00 rconv./100 % ESel
tg Ouuogenates/iC0. :
(3) Defined as T = T ea - T hs
wheate T e = water dag s=hift eguilibriom teme czlcoculated for resctor et
comrosition.
T hs = hot srot temrerature.
(4) Defined zs Carbon ebserved in Froducts to Feed Carben Converted.



stiMrMaRY FOR RUNM

CATALYST NUHBER § 2317-14

v 345
CaTALYST SUPFORY 150.,0% A1203

ATOKIC FORMULA § CoR

FREF METHOU! Correciritation

(1)
BULK TOENSITY t 1,39 gmiee

TEST CONDITIONS @

FEED H2/CD RATID
FEED €02

AVE. TEMFP.: C

HOT S8FOTs C
FRESSURE, »s5idg
YHEV: 1/hr/ksEm cat,
HOURE on STREAM
EPM

CONVERBITON I

£ to Frods.r volii
CC to CO3r wolX
CO, Em mol/hr/kém cat.

(29
STY of oxuwHenziew

zm malshr/kgm cat.

STOICKIDM., HZ/C0 converted
CA%HON SELECTIVITY (Normslized

CHEOH

C2-C& ALCDHOLS
f2=-Cé ALDLZEGSTERS
cHa

C2-L3 HYLROCAREONS
G4+ HYDROCARBUNS

approack 107

WES Ecquilibriume C

CaRBON ACCOUNTARILITY:

Imrrednation

1.22

-328-

REACTDR TYFE!

2.02

11.24
279.0
2790
?18.0
T3720.0
31
1490.0

15.20
8,10
?.19

1.64

1.22

REDUCTION:

£ 213—41

2.02

11.24
289.0
282.0
?i8.0
&F80.0
4.0
1510.0

13,41
6499
1500

2,94

1,30

Mel% on CO2-free Basis? !

+ 24
2.06
28.1C
29.52
21,63
i8.1%9

ti3 Freshs non-reduced cetalust.

(2) Brace Time Yield {(BTY?

4¢n Cuwgenzies/100.

{Z; Defined 25 T = T ea

46
4,29
22.845
34.79
24.08
14,25

i00.7

14
4.56
1%.93
35,70
24.80
14,45

104.1

CHEM SYSTEMS INC.

t 1/23/81

in 8itu Reduction

UHSU/22.4 % %CO in feec/100 % XCO conv,/100 ¥ ZSel

where T eq = weter dos shift enuilibriun temr celeulated for resctor eff.
comensition.

T he = hot srot tenrerature.

(4} Lefirned as Carben observed ir Froducts to Feed Carbon Converted.
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SUMMaARY FOR RUN ¥ 21342 CH€NSYST€MSIHC
CATALYST NUMBER : 2i7-2 PPy Fey e

ATOMIC FORMULA ! Co
CATALYST SUFFORT 130.0% ﬂl.jﬁ3

FREF METHCD! Copreciritation Imrregnsticn REBUCTION: in Siiu Redueticon

BULK BEHSITY(i): 1.1% am/cc REACTGR TYFE: Rertu

TEST COMDITIONE !

FEEDIl H2/CD RATIO 2:.00 2.00
FEED COZ 11.00 11.60
AYE, TEMP.: C 2459, 0 25%.0
HOT EPDRTe C 23%.0 299.0
FREJSUREr psis 925,90 25.0
UHEVs 140/ kam calty 282¢.,0 3780.0
RFM 1530,0 1550.0

CONVERSION 3

CO toc Frods.r voli . S2.72 30.86
C0 to CO2s wolZ 8.08 1.14
COs am mol/hr/ksm o2t 16.20 g8.80
8TY of uxugenat95<2)

gr mol/hrskam cat. 129 + 23
STOICHIOM. H2/CO conmverted 2:06 2,34

CARBON SELECTIVITY (Normalized Mol¥% on COZ-free Basis) 3

CH3BH v 12 ¥

C2-Cé ALCDHOLE 1.27 1.48

£2-Cé ALD.EESTERS &P + 84

CHA 40,36 35864

C2-C3 HYDROCAREONS 18.91 16.24

Cat+ HYDROCARPBONS 3B.75 45,258
(2}

AFFROACH TO
WES Ecuilibriums, £

CAREON ACCOUNTABILITY, % (43 71.% 53.8

1) Freshs non-reduced catalest.
3y Spare Time Yield (STY) = VYHSY/22,4 ¥ %C0 in feed/ /100 % JCO conv./100 X ZSel
to Nuwgernates/100.
{3 Lefined 25 T = T e — T hs
where T ea = water gas shift souilibrium temr csleuiszted for reactor aff.
comrosition,
T hs = hot =0t temrersture.,
t4) Defimerd 38 Casrbon observed in Froducts to Feed Carbon Converted,



EUMMARY FOR RUN % 213-—-43
CHTALYST NUMEER ¢ 217-2 DATE § 1/29/81
ATOMIC FORMULA ! Cudl o7n 4o
CATALYST SUFFORT ¢ NDRE
FREF METHQR: forreciriteiion REDUCTION! Reduced be 2% HZ im N2
ruLk pENSITY MTE 1,27 awsee ] REACTOR TYPE! Flus Flow

TEST MUMRER i 2

TEET CONDITIONS @

FEEL HZ/C0 RATIO 2,00 2.00
FEED COZ 11.00 11.00
AVE . TEMEF . [ 2a69.0 292!0
HOT EFOT, € 274.0 29%.0
PRESSUREs rsid 255.0 P55.0
UHEVy L/hr/ksm cat. ZIC0.0  4550.0
HOURS on STREAN 1.5 3.7
FFH «0 «0

CONVERSION 1

t0 to Preds.» voli 30.70 17.97
to teo COZ: wolZ .00 1.03
0y 2m mollhrskdam oat. 10,40 2+.20
[l
8TY af cxygenates‘“)
gm mol/shr/hdm cat. 10,40 B.24
STOICHIOM. H2/C0 converisd Z2+39 2.88

CARBOM SELECTIVITY (Normalized MolZ on co02-free Bssis) i

CH30H 27,20 92.28
r2-046 4LCDHOLE .90 2,01
co-Cé4 ALL, EESTERS .00 00
cHe .90 2,75
B2-C2 HYDROCARBONS .00 1.06
r4r HYRROCAREONS - -1 1.90
AFFRDACH TO )

WGEE Eguilibriumy C 00 00
CHREON ACCOUNTARILITY, ¥ (42 84.8 72.4

iy Freeghs nopn-reduced catelast. :
(ny Sesce Time Yield (STY) = VHEV/22.4 X LCOQ i feed/100 X %ZCO conv./100 % XBel
10 Oxesenates/100.
(33 Defined as T = T ea — T hs
where T ea = water gss shift eauilibrium tome czlculated fer resctor eff,
comrasitiarn. )
T ht = hot srpot temrerzture.
(43 pefirned s& Carbon observed in Froductis to Feed Czrbon Converited.
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SsyUMMakY FOR RUN ¥ 213—44
CATALYST RUMBER & 217-10 ' DATE & 2/2/81
ATOMIC FORMULA § Cu Zn
CATALYST SUPPORT | NONE
FREP METHDODN! Correcirpitstion REIUCTION! Reduced pu 2% H2 in N2
EULK DENSITY(l)t 1.46 amiecc REACTOR TYPE! Flusg Flow
TEST HUMBER i 2

TEST CONDITIONS |

FEED H2/CO RATIOC 2,00 2.00
FEED COZ 11.00 i1.00
AVE., TEMP.r C 2?1!0 29460
HOT SFOT: C 271.0 29E.0
FRESSURE, r=is g00.0 200,0
YHEVs 1/hr/k2m cat. Zg90.0 22350.0
HOURS an STREAM 2.2 2.5
KFH 0 0

CONVERSION @

CO to Prods.r vwolX 24,42 19.9%

CO to CO2r vwaolX ~1,22 - 79

Gy gm mol/hrskem cat. .40 B.07
{2}

57Y of onudenates
dm molshr/kEm cats

~8

+ 4

o

8.20

]

STQICHIDM. H2/80 converted 2.2 2.15
CARROM SELECTIVITY (Normalized MolX on CO2-free Rasis) !

., CHIGH 27.91 ¢5.38
c2-Cé6 aALCOHOLS 1 97 2.41
c2-04 ALT.ZESTERS » 00 +00
CH4 + 76 1,086
C2-C3 HYDROCARBONS «00 + 27
£44 HYDROCARBONG +B& 77

(3}
AFPRO&CH TGO
WGES Eguilibrivms C .00 + Q0

CAREON ALCOUNTARILITY % (4} 110.8 106.2

(1) Freshr non-reduced cstalust,

(7Y Crzre Time Yield (STY) = UHSY/22.4 % XCO in feed/100 ¥ %C0 rconv./ /100 % XEBel
to fxuzenztes/sLlO0,

(%) Defined 3= T = T ea ~ T fis

‘whepre T eq = water sss shift enuilibrium tems czlcoulated for reactar eff.
comrosition.
T hs = hot serot temreraivre.

(4) HNefined as Caroen chserved in Froducts to Feed Carbon Converted.
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CHEM SYSTEMS INC.
SUMHMARY FOR RUN # 213-45 _
CATALYST RUMBER @ 217-18 DATE § 2/3/81
ATGMIC FORMULA § Cu cCa ,c2n

CATALYST SUFFORT ¢ NONE
FREF METHOL Cphslt Carbopuel Imrrednation FEDUCTION! Reduced buw 2% H2Z in N2

BULK DENSITY' 1'% 1.2 sm/ec REACTOR TYPE! Rertw
TEST NUMBER i 2

TEST CONDITIONS 3

FEED H2/C0 RATIO 2.00 2,00

FEED £02 : 11,00 11,00
AVE, TEMF.» € 270.0  270,0
HET 8POTs C _ 270.0  270.0

 PRESSUREs rsig §10,0 910.0
YHSYs }/hr/kdm cat. 4400.0 7580,0
MOURE on STREAM 1.3 2,5
REM 1510.0 1520.0

CGNVERSIDON *

LR to Prods.s wolX 32,07 18,00
CO tec CO2r vol¥ 433 3,20
Che gm mﬂlfhflkﬁm cats 18080 17.90
STY of DKHSENBtES(2>

Sm mol/hr/kﬂm cat. i+64 2.45
ETNICHIOM. HE/CO converied 1:+84 1.97

CAREON SELECTIVITY {(Normalized Mol% on CO2-free Basis! i

GH3I0H 1.08 1,41
ce-Céd &LCOHMOLS : 8,50 12.99
c2-Ccé& alLl.2ESTERS .+ 34 +82
CHa 23,82 23.32
£2-~03 BYDROCAREONS 23.83 22.41
Ca+ HYDRGCARRBONE Z8.43 38.04
APFPRDACH TO(S) :

Wes Eguilibriums C Q0 00
CAREON ATCOUNTAERILITY: X% (43 4,0 106.2

(i) Freshr non-reduced cstalust.
(2) Yrzce Time Yield (ETY) = UHEY/22.4 % ¥%CO in feed/100 Xx XCO conve /100 ¥ HSel
~ to Ouzdenstes/100.
(2y Defimed s T = T em - T hs
where T eg = Wwaler HE8 shifi eeuilibrium tems cglculated for resctor eff.
cameasition.
T hs = hot srot temrerzture.
(43 Lafined zs Carbon chbserved in Products to Feed Carbon Converted.
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SUMMARY FOR RUN % 213—-446 :]lEM&SIE_NSH‘C.
===$=$======-ll-============&=======’l--==’=====================Hﬂ======3==‘-=======
CATALYST MUMBER & 217-17 DATE 3 273781
ATOMIC FORMULA ! CoK ..

CATALYST SUPPORT 150.0% A1,0.
PREP METHOD: Correcipitation Impresgnation REDUGCTION: in Situ Reduction
suLk DENSITY Y’: 1.11 smiec REACTOR TYPE: Bertw
TEST- MUMBER i 2 i 4
TEST CONDITIONS 3
FEED H2/C0 RATID 2,00 2,00 2,00 2.00
FEED €02 11.00 11.00 11,00 11.00
AVE, TEXP.s C 2863,0 272.0 291.0 290,0
HOT SPDTs C 263.0 272.0 291.0 290.0
PRESSUREs psisg 510.0 905.0 900.0 $00,0
UMSVs 1/hr/kgm cat. IB7H.0 2251.0 &3&0.0 7520,0
HOURS on STREA 1.7 2.8 4,7 5.5
RPM : 1500.0 1500.0 1500.0 1500.0
CONVERSION : .
20 to Prods.r volX 8.13 18.89 20,13 15.86
o to CO2s volX 3,27 B.91 9.97 6.04
COr =m mol/hr/kzm cBt, 4,463 6.57 20,10 17.30
STY of Dxu!anntestz,

sm mol/hr/kdm cat, 1.24 1.42 4.41 4,23
STOICHION, H2/C0 converted 1:95 1,38 1,42 1,53
CARBOM SELECTIVITY (Normalized MolX on CD2-free Basis) !
CH30H .28 .29 45 .28
£2-C4 ALCOHOLS 2,81 4,12 4.79 4,69
£2-Cé ALD.3ESTERS 34.50 31,94 27.52  2B.72
CHA4 22,16 27.09  27.07 24,02
¢2-C2 HYDROCARBONS 17.25  18.70 19,29  17.3%

€4+ HYDROCARBONS 23.00 17,96 18.4% 18.50

apPRoOACH To'S)

WG5S Eeuilibriums C

CARBON ACCOUNTABILITY: X (42 106.7 115.4 130.8 141,0

.-_......_—-.-u...'----—---n-..-.-...____.....—--——..*...—_....—_—————-——-.-__--.—__.__...-.--....._—_-..—_.-.'_..-_-—_—————--—_

(1) Freshs non-reduced catalust.
(2 Srace Time Yield (STY) = VHSV/22.4 % %00 in feed/100 X XCO conv./100 % ZXGel

to Oxuzenates/100. :
(1) Detined a5 T = T ea -~ T hs

where T ea = water gas shifi eauilibrium temr calculated for reactor eff.,

' comrositian,
T he = hot srot temmerature.

¢4} Defined 2= Carbon ovbserved in Products to Feed Carbon Converted.
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' CHeEM SYSTEMS NC.
SUMMARY FDR RUN # 213—a47 ' lﬂs
==========2==2="—“‘_"==:=_"..==============:==============-‘:==============ﬂﬂ=========;==
CATALYST NUMEER 3§ 217-1i¥% DATE 3§ 2/13/81
ATOMIC FDRMULA I Cu SCB 2SZnK 05

CATALYST SUFPPORT § MNONE

PREF METHDD! Cobszlt Cerbonwl Imrresnation REDNUCTION: Reduced bw 2% H2 in N2

HULK HENSITY(i): 1.23 s#n/cc REACTOR TYPE! Plug Flow
TEST MUMEER 1 2 3 4
TEST CONLDITIONS o

FEED H2/CO RATICO 2:+00 2.Q00 2.00 2.00
FEED CD2 i0.00 30.00 10,00 10,00
AVE, TEMF.» C 270.0 298.0 300.0 3200.0
HOT SPODTY C 271.90 292.0 302.0 30190
FRESBUREs rFsis Be¢ .0 B80.0 935,40 235,90
VHSYs 1/hr/kam cBt. 2800.0 A300.0 3310¢.0 &200.0
HOURS on STREAHM 1.2 T240 1,3 2.8
EFHM + O +0 +Q Y
CONVERSION

CO to Frods.s volZ 4,40  8.30 9,10 3.80
L0 to CO2y wvol% .00 2#80 4,20 1.00
CO: dm mol/hr/kgm cat. 1,23 7.+.G0 +00 +00
STY of nxuﬁanatescg) .

Em mol/hr/khgm cat. 143 1.82 + 89 + 75
STCICHION. H2/CO converted +00 37 1 93 +B82
CARBON SELECTIVITY (Normzlized MolZ%Z on CQ2-free Basis) ¢
CHZIOH 4,30 3.21 4,68 b, 469
c2-Cé ALCGHELS 13.20 11.37 1i0.38 i0.74
£2-C4 ALDL.ZESTERS 17.70 14,435 i2.43 20.08
CH4 31.20 36.52 33.77 3i1.83
C2-£3 HYDROCARBONS 1%.70 20,60 27.1% 2463
4+ HYDROCARBONS 13.90 14.05 11.85 | S.%4

APFROACH TD(3)

WG5S Eauilibriums C

CAREBON ACCOUNTARBRILITY: % (42 F0+4 120.0 135.0 176.0

(1) Freshs rnon-reduced cetalwst. _ ' :
(2) Brace Time Yield (STY) = VHSU/22.4 ¥ %CG in feeds100 % ZCO conv./100 ¥ ZSel
to Duvdernates/100.
() Nefined as T =T ea - T hs
where T ea = water g3s shift eeuilibrium tenr calcoulated for resctor eff.
comFosition.
T he = hot srot tempersture.
(4) befined as Carbon cbserved im Products to Feed Carbon Converted.
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SUMMARY FOR RUN $ 213-49 CHEM SYSEEMS INC.
CATALYST NUMBER & 217-17 DATE | 2/24/80
ATOMIC FORMULA ! CoK o
CATALYST SUPFORT $50.0%4 Al,0,
FREF METHOT! Imeresnaticn Correcitation REDUCTION: in Situ Reduction
BULK DENSITT<1): i.11 #m/ce REACTOR TYFE: Bertu
TEST NUMBER i 2
TEST CONDITIONS ¢
FEED H2/L0 RATIOD 2,00 2,00
FEED COZ N 00
ﬁUEo TEHF‘;! C 272&0 29000
BOT &§F70T» C 272,90 290.,0
PREESURE:s Frsid 235.9 35,0
UHSY: l/hrs/kEm cat. 2420,0 5130.0
HOURS on STREAM 1.0 2.1
KEM 1500.,0 1500.0
CONVERSION ¢
CO to Frods.s vall 5.60 ?.20
CO to €02y wvolX 2,50 4.90
£0s am molshr/kdgnm tat. : 2,84 10,49
2

gTY ef pxsssnates(*) _

gm wmol/hr/ksm cats | 2.54
STOICHIOM. H2/00 converted 71 67

CAREON SELECTIVITY (Hormalized MolX on CO2-free Basis) ¢

CHZOH S -1 -7

C2~Cé ALCOHALS 550 5.56

C2-Cé sLL.RESTERS 33.57  31.1¢

£2-03 HYDROCARBONS 21,13 21.45

£4+ HYLBRGCARBONS : 12,34 i1.4%
{2)

AFFROACH TO
WGES Equilibrivms C

CARBON ACCOUNTABILITY, % (4) 211,90 209,0

(1} Freshr non~-reduced cstalzst.
(= Epace Time Yield (8TY) = VYHEY/22.4 % XLO0 in feed/100 % XCO copy./100 ¥ X5el
to Oxedensztes/100,
(3) Defines a2 T = T ea ~ T hs
where T ea = water gas shift eauilibrium temr cazlculated for rescltor aft.
comrpusition.,
I he = hot srot temrerazture.
(4] Defined zs Carban observed in Froducts to Feed Carbon Converted,
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| | CHEM SYSTEMS INC
SUMMARY FOR RUN # 213-S0
CATALYST NUMBER 1 217-23 | DATE 3 2/27/81
ATOMIC FORMULA & CoPd oK ..

EATALYST SUPFORT 150.0% Al D
PREF METHOD! Fd(ND3)s Imeresd. ontp 217-13  REDUCTION? in ity Reduction

BULK DENSITY(IJ! ¢ gmlec REACTOR TYPE! Bertw
TEST NUMBER ' 1 2 3

———_-....-._-._-—-_-—_—..—-....-...—-....-.-—._........__..._...-._—.....____.-..._.._--.-.—.-—-_—_...._......—....._—_.-__...._. ——————

TEST CONDITIONS 3

FEETl H2/C0 RATID + 2.13 2413 2.13

FEED £D2 i1p.89 10.89 10.89
AVE. TEWP.r C 271.0 273.0 292.0
HOQT &SFOTs C 272.0 - 274.0 273,90
PRESSUREs ®sziz - : 71¢.0 916,90 20%.0
UYHSV, 1/hr/kam cat. 4340.0 4370.0 74£0.0
HOURS on STREAM i.3 2.3 3.3

RFM 1510.0 1510.0 1470.0

CONVERSION 3

€0 to Frods.r volZ 15.96 12,82 24,54
0 to CO2: voli ~7.84 7.48 11.04
£0, Ex mol/hr/kEm cat. 11.27 13.02 28.98
5TY of uxueenatE5(2)

gm mol/hr/kem cat. Je47 3.+53 .80
§TOICHIOM, H2/CO converied 1.10 .92 96

CARBON SELECTIVITY (Narmalized Mol¥% on CO02-free Basis) H

CH3OHK + 43 ~+41 44

c2-Cs& ALCOHOLS 7.73 5.92 4,35

C2-Cé ALD.RESTERS 2,43 30.99 24,23

CH4 . 29.53 27.9¢ 35.11

£2-03 HYDROCARREONS 22.56 21.20 24,08

€44 HYLROCARBONS 12.38 12.81 11.90
(3

AFFROACH TO
WGBS Eguilibriums C

CAREON ACCOUNTARILITYr % (42 12%.4 114.5 i18.4

_.__....__..._...__...___...__..___......_._...._...__....._______......_......._..___.,__......_...-—..-___...__...._..__,_....___..‘...__

{1y Freshr non-reduced catalust, i
(2) Sezce Time TYield (8TY} = UHSY/22.4 ¥ %CD in Feed/100 % ZLD conv./100 % %Sel
to Oxusgenates/100.
{3) Defined 8s T = T ea - T hs
uhere T ea = water gas shift eauilibrium temr czlculated for reascvior eff.
comrosition.
T hse = hpot srot temreErsture.
{43 Defined as Carbon observed in Products to Fesd Carbon Converied.
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CHEM SYSTEMS INC.
SUMMARY FOR RUN & 213-52

R EEEEEE S eSS SRR TEEEEARETSSSS T EASSS ST CSIS=ARTEEREEIZS EE TS aSSSN oIS EROERD
CATALYST NUMBER : 217-24 - DATE 3 3/9/81
ATOMIE FORNMULA ! CuCoK 11

CATALYST SUFPORT 88.0X Alzﬂa

PREP METHOI! Impresnstion bu Evaroration REDUCTION? in Situ Reduction

BULK DENSITY' 1 ’: .91 sm/ce REACTOR TYPE: Plug Flow
TEST NUMBER 1 2 3

..-..-“.-.—-._....-..-..-..-..-—___—_-n..q..-n-—-4--—-.-...--______-—-mu-———-._—_-----.p—--m-.——_———_...-nn_-—---

TEST CONDITIONS 3

FEED H2/CO RATID 2.00 2.00 2,00
FEED CG2 ' 11,00 11,00 11.00
AVE. TEMP+» C 272.0 290.0 29%9.9
HOT &POT. C 273.0 292.0 301.0
PRESSURE: paisg $35.0 935.0 935.0
UHSY: 1/hr/ksm cat. 2530.,0 2550. 4410.0
HOURB on STREAM 1.1 3.3 4,2
RFM .0 0 O

CONVERSIDN ¢ _ :
CD to Prods.r volX 9.82 15.34 10.B5

Cd te C02» volX + 38 Y3 + 18
COs =m mol/hr/ksgm ec2at, 2.80 4,40 5.40
s$TY of oxgsenates<2)

2m mol/hr/ksm cat., +10 + 20 29
STRICHION, H2/€0 converted 1,45 1,64 1,39

CARBON SELECTIVITY (Normalized MolX on CD2-free Basis) ¢

CH30H 1,04 B2 1.12

C2-Cé ALCOHOLS 2.18 3+60 3420

c2-té6 ALD.IESTERS + 31 21 + 20

CH4 . 35.41 33,89 37.83

C2-C3 HYDROCARBONS 24,09 23.49 24.43

C4+ HYDROCAREONS 34.97 37.4%9 32.84
(3}

APPRDOACH TO
WCES Equilibriwms C

CARBON ALCOUNTABILITY, X (42 95.0 250.0 25%.0

e ik B B e B S Y e S} A Ak e i AP B S S T e e et ML A 4R ek M L Ml S . - o i T W e T T Ml e A L T e P L i 2

{11 Freshr non-reduced catalwust.
(9 Space Time Yield (STY) = VHSV/22.4 % ZCQO in feed/100 % XCO0 conv,/100 ¥ %Sel
o0 Oxudenates/100,
(3) befined s T = T e - T hs : .
where T e = water #as shift espuilibrium temr calculated for reactor aff.
compasition. :
T hs = hot srot temrerszture.
(4} Nefined as Carbon observed in Products to Feed Carbon Converted.
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CHEM SYSTEMS INC.

SUMMARY FOR RUNM % 213-54
=5 =====l!l---'="—‘===I;—:'==_:B‘—‘===Hl--==S‘Rﬂﬂ‘IIIHI‘II====S.E--B=====Q==B=======:=-‘:===
CATALYST NUMBER § 217-22 BATE ! 3/11/81
ATOMIC FORMULA ¢ CuCoK ., :
CATALYST SUPPORT i NONE
PREP METHDD! Correcisitstion REDUCTIONS in Situ Reduction
BULK nzusxTv‘?’: 1.56 sm/cc REACTOR TYPE! Bertu
TEST NUMEBER 1 2 3 4 5
TEST CONDITIONS ¢
FEED H2/C0 RATID 2,00  2.00 2,00 2.00 2.00
FEED CO2 11.00 11.00 11.00 11.00 11.00
AVE, TEMP.s C 272.0 272.0 292.0 293.0 291.0
HOT §POT, € - 272,0 272.0 292.0 293.0 291.0
PRESGURE» rsis P15.0 915,060 915.0 915.0 915.0
UNSVs 1/hr/kdm cat. 4850.0 6850,0 7030.0 9800.0 13400.0
HOURE on STREAM 7P 200 4.0 . 4.8 Ted
RPN 1%106.0 1510.,0 1510.0 1520.0 1i510.0
CONVERSION ¢
£0 to Prods.r volX ' 34,50 14,89 40,92 23.73  14.47
C0 ‘to £O02» vol% 10.60 5.11 12,48 11,07 743
COr sm mol/hr/kEm cat. 22,58 14,75 4054 34.72 31.60
57Y of oxusenates‘z)

L1 .ﬂ_lo“hl‘)"kﬁl cat. 4,90 3.:80 5.70 5:10 5.70
STOICHIOM. H2/C0 converted ,90 .83 1,11 .96 76
CARBON SELECTIVITY (MNorsalized Moi%X on CO2-free Basis) !}

CH30H 1,57 1,88 1.31 1.61 1.97
c2-C4 ALCOHOLS ?.54 9.8f 10,44 10.41 11,05
C2-Cé ALD.3ESTERS 16.99 22.73 653 B.50 14,08
CH4 35.82 20,43 46,59 A47.95  40.87
€2-C3 HYDROCARBONS 22,35 20.02 25,45 21,35 21,49
C4+ HYDRDCARBONS 13.73 15.05 9,79 9.97 10.75

apProacH 1'%’

WES Eouilibriums C

CAREON ACCOUNTARILITY, 2 (4) 170.9 17640 167.0 214.0 215.9

I e B S Y P s s e A P e kP - - [ ——————— PP et bl

(1) Freshs non-reduced catslwst, .
(2) Sepcer Time Yield (STY) = UHEV/22.4 % ZCO in feed/100 ¥ %CO0 conv./100 ¥ XSel
to Oxwgenates/100. ’
(3} Defined #ax T = T pa -~ T hs
where T eg = water 988 shift emuilibrius texmr celculated for reactor eff.
comronition, : '
T hs = hot seot tensrerature.
(4) Defined a@s Carbon observed in Froducts to Feed Carbon Converied.
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CHEM SYSTEMS INC.
SUMMARY FOR RUN # 213X-~-54
S e S A R L S S P A -
CATALYST NUMBER & 217-27 DATE + 3/17/8%
ATOMIC FORMULA & CoRu‘016K‘1i
CATALYST SUFPORT 150.0% n12n3
PREF METHOD! KuClz impPres. onto 217-i5 REDUCTIBN! in Situ Reduction
BULK DENSITY ‘' 1.22 sascc REACTOR TYPE! Bertw
TEST NUMBER 1 2 3

L et o e T e e s e e e U - b - e e e o e s s ————— -

TEST CONDITIONSG @

FEED HZ/CD RATID 2,00 2.00 2,00

FEED £D2 11.00 il.of i1.00
ﬂqu TEHP.! D 2?240 29500 295.0
HOT SPOTs C 272.0 295.0 293540
FRESSUREy rsig 210.0 250.0 210.0
VHSVE w/hr/kdm cat. 4050,0 5280.0 1296048
. HOURS orn STREAM 1.1 3.3 4.3
REH 1500.0 18500.,0 1500.0
CONVERSION !
CD to Prodgs,» voli 34,30 £5.12 22+,13
€O to CO2y wolX . i8.20 26,78 7. 67
COr sm mol/br/kem cat. 22.90 45,97 44,378
STY of oxusenates(2>
82 molshr/kEn cat. 5.70 B.24 iI0.80
ETGICHIOM. H2/CD converted Ny Ao A N.H»

CARBON SELECTIVITY (Normalized MNalX on COZ-free Besis) ¢

CH30OH 44 29 72

c2-Cé ALCOHOLS 5.05 &.04 5.44

£C2-Cé ALD,LESTERS 28.01 16.97 2814

CH4 30,31 42,43 32.33

C2~C3 HYDROCARBONS 21.43 25,44 22,41

G4+ HYDRODCARBONS 14,85 B.92 10.92
{3

APPROACH TO
WS Feuilibriume C

EARBON ACCOUNTARILITYr X (4} 105.4 107.4 104.0

o e e T e e e kW TP T e e e et S e e L R L S e o] e e T A S P ke T A AR e U e i Al B e e Sl e ek e b e e e

(i) Freshs non-reduced catalust.
(2 Seasce Time Yield (8TY) = VHSV/22.4 % ZCO in Teed/10D ¥ %LO conv./100 X %Sel
to Duunanstes/100.,
{3} Defimed 25 T =T eed - T hs
where T ea = water sgs shift eguilibrium temr tilculated for rescior eff.
composition,
T hse = hot sprot temrerature,
{4) Nefined 2= Carbon observed in Products to Feed Carbon Converted.
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CHEM SYSTEMS INC.
SUMMARY FOR RUN # 213-S5S
-=sz==nﬂ¢=--===:!=======-=======-=======-=--======::..—.==:-=========-==.—.=====--n=====s
CATALYST NUMBER & 217-28 DATE : 3/19/81
ATONIC FORMULA 3 CuCs ,Al , 420 23K
481,157,337 05

CATALYTST SUPFORT © NONE
PREP METHOD?! Cobslit tarbonsl Imsregnation REDUCTION: Reduced bw 2% H2 in N2

BULK*DENSITY(iﬁt 1,27 dm/icc REACTOR TYPE: Plud Flou

"TEST MUMBER 1 2 3 4

TEET CONDITIONS !

FEED H2/C0 RATIO 2.00 2,00 2400 2.00

FEED CD2 i1.00 11.00 11.00 11.00
AVE, TENF.r C 271.0 301.¢ 298.0 312.0
HOT &POTs C 271.0 302.0 29%.0 315.¢
PRESSURE, rsis F40.0 245,90 40,0 ?40.0
UHSY: l/br/kem cat. 3496.0 6440.0 3570.0 3530.0
HOURS on STREAM 1.7 3.3 4.9 5.6
REHM 0 o0 +£ + 0

CONVERSION ¢

€0 to Prods.: voll 6,14 B.44 9.52 14,30
co to CO2» vold 1.26 2.14 &.18 7.3%0
COs #m molsnr/iksm cat. 2.78 7.37 &.04 8,26
STY of nxusenatastz)

sm mol/hr/ksn cat, +75 2.01 1.30 1.9%
STOIGHION. H2/E0 convertaed Nedta N, N A Wedrs
CARBON SELECTIVITY {Normalized Mol¥ on EOZ2-free Basis) 3
CH3OH 5,90 7.54 7.75 5,29
C2-Cé ALCODHOLS 19,44 19.57 19.30 14,47
£2-C4 ALD.SESTERS 7.11 7.16 7,92 417
CHA 31.08 33.7% 23.00 35,35
C2-C3 HYDROCARBONS 20,24 19.97 20.44 2i.%0
C4+ HYDROCARBONS - 16,02 11.54 12,37 14,20

3y

APPROACH TO
WBS Equilibriums ©

CARBON ACCOUNTABILITYr X (4) 23.9 it1.0 100.8 LA NE ]

(1) Fresh» nen-reduced catalust,
¢2) Srace Time Yield (5TY) = YHEGY/22.4 ¥ %CO in feed/100 ¥ %00 conv./100 % 48el
to Oxwgenates/100.
t3) Definad as T = T ea - T hs
whare T sa = weier das shift enuilibriue temr caleulated for reacior eff.
camposition.
T hs = hot seot tesperature.
(4) Detined =% Carbon observed in Products to Fead Carbon Cenverted.
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CHEM SYSTEMS INC.
SUMMARY FOR RUN $ 213357

EIEEON AR s s e e e s e e . e T T RN I I SR I e N S N e N S S N T TR ORI RS ST =
CATALYST NUMBER § UCI L-1122 DATE t 3725781
ATOMIC FDRMULA ¢ Proeprietary Catazlust
FREF METHOD:! ULCYI rres. EEDUCTION: Reduced by 2% H2 in NZ
BULK BENSITY(1J: 1.04 dHa/cc REACTOR TYPE: Berty
TEST NUMEER 1 i 3 4
TEST CONDITIONS
FEED H2/C0 RATIO 2,310 2+10 2.10 2.10¢
FEED £O2 S.00 5,00 5.00 5.00
AVE. TEMP.» C 299.0 348.0 3G1.0 350.0
HOT SFOT:s C 299.0 348,90 301.0 350.0
PRESSUREs Frsisg 1485.0 1480,0  1480.0 1480.0
UHSY: l/hr/kEm cat. 2480.0 2425.0 G468B0.0 46240.0
HBURS on STREAM .- 2,3 4.4 5.3
RPHM 1500.0 14%0.95 1500.0 1500.0
CONVERSION ¢
co te Prods.» volX 25.85 18.62 .87 17.44
LD to COZ2» vwolX : -1 2.78 -17 -+ 24
COr gm mol/hr/kaa cat. 8.12 b.38 4:57 12.97
STY of uxusenateg‘zj

dm noel/hr/kdn eat. 7.48 5.04 6.42 11,84
STOICHIOM. W2/CO monverted 1.99 1.49 2,01 1. 46
CARBON SELECTIVITY {(Normalized MolX on COQZ-frese Basisg)
CH3ON $5,49  78.16 94,87 81,26
C2-C4 ALCOHOLS 1.54 i¢.80 1.08 742
£2-C4 ALD,XESTERS 10 1.72 +00 +89
CHa . 1.23 4.37 1.47 J.94
C4+ HYDROCAREBONS +B82 3.10 1.08 2.86
APPROACH TD(z}
WGBS Fauwilibriums C
CAREBON ACCOUNTABILITY: X (4> 82.46 109.3 122.0 &%, 4

—— Pk i e o e ke ke S A A T e . A i P P T AR A TR S A . AP i . A% R R Tt S A T S . o o o e ke W il L A T . i i AN AT VI T ke AL A e

(i) Freshs non-reduced catalust.
(2) Srace Time Yield {8TY) = VHSV/22.4 X Z%ZLD in feed/100 ¥ ZLO0 conv./100 X XSel
1o Oxwsgenates/100.
{2 Detined as T = T sa -~ T hs
where T ea = water H€as shift equilibrium tesr calculated for resctor eff.
comrFosition.
T hs = hot srot temarerature.
{4) Defined 2t Czrbon pbsarved in Products to Feed Carbon Canverted.
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CHEM SYSTIEMS INC.

sUuMMaRrY FOR RUN * 21359
::==--=====S»"’..z‘—"—===H:==================BB====*HB=====--===3===’-========.===l-====
CATALYST NUNBER 3 217-29-1 DATE { 3/246/81
ATOMIC FORMULA 1 CuloK <3
CATALYST SUPPDRT 1§ NCGNE
FREP METHOD! Correciritation REDUCTIDN! in Situ Reduction
RULK DENSITY(i)I 1,4 gm/CC REALTOR TYPE! Bertw

TEST NUMBER 1 2 3

TEST CONDITIONS 1

FEED H2/C0 RATIO 2.00 2.00 2,00
FEED CO2 1i.00 11,00 11.00
AVE, TEWP.r C 272,90 290.0  292.0
®OT BFPOY, C 2720 29¢.0 292,0¢
FRES8BUREs rsidg 940.0 946.0 1470.¢
YHSY: 1/hr/ksm cat, 4490.0 7524.,0 B930.0
HUURS on STREAM 1.8 Jed 4.8
RFH 1480.0 1490.0 1490.,0

CONVEREION I .
€D to Prods.: volX 12.546 ig.Bl 18,52

£o to CO02y voll 7.54 2,469 B.38
C0s sm mol/hr/kdm cat. 2.59 22.78 25.582
8TY ot oxuSenatesiz)

gm mol/hrs/kan cat. 1,90 4,40 4,90
STDICHION., H2/LO ecanverted Y:1 72 1.07

CAREDN SELECTIVITY {(Normalized Hol% on CO2-frec Rasis) @

CHAOH 2.72 1.82 3.78

g2-0é ALCOHOLS 4,80 8.48 730

CR-Cé ALD.RESTERS 23.68 18.79 14.47

CH4 29.92 35.71 40.39

£2-63 HYBROCAREONS 21.12 21.36 19.03

44 HYRROCARBDHS i7.7é& 13.64 12.93
£3)

AFPROACH TO
UGS Eguilibriums C

CARBON ACCOUNTARILITY: % (49 114.4 120.2 125.0

—-..--.p—--——_.u-__.u...._—.__-.._-._...__————_...-\-—_-—_—.——_—“-——-u—-—_—_—-.——u-———__—-—-—————_...,...

(1) Fresh: nor-reduced catalust.
() Seace Time Yield (5TY) = YHSY/2Z2.4 ¥ %COD in feed/100 X 2L conv./100 ¥ ¥%Sel
to Oxugenstes/100.
(3) Defined as T = T ga =~ ¥ hs
‘where T ea = water sas shift eguiljibriue tems caslculsted tar resctor eff.
comeosition.
T he = hot serot temrerature.
(4) Defined as Csrbon observed in Products to Feed Carbon Converted.
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CHEM SYSTEMS INC.
SUMMARY FOR RUN # 213-60

==B========ﬂ'=============ﬁ-‘:======::========-====ﬂ-'=-======$=====::ﬁ:==’=========
CATALYST NUMBER ! UCI L-1123 DATE ¢ 3/27/81
ATOMIC FORMULA ¥ Propristary Catalust
FREF- - METHDD: UC] »ra=, REDUCTION!: Reduced bw 2% H2 in N2
RULK DENSITY‘I)ﬁ 1.14 #msce ) REACTOR TYPE:! Plu= Flow
TEST MUMBER 1 2 3 4 5 &
TEST CONDITIONS @
FEED« H2/C0 RATIO 2,04 . 2.04 2.04 2.:04 2.04 2.02
FEED: €02 .00 5.00 5.00 5.00 5.00 3.00
AVE.:TEMP.sr L 304.0 349.0 3I52.0 349,00 351.0 350.0
HOT P07, C 307.0 352.0 35340 I4%9,0 351.0 35851,0
PRESSURE: rsin 1480,0 1480.0 1480.0 1470,0 1470.0 1470.,0
YHEYs 1/heskdgm cat. 21100.0 41290.0 2960.0 2820.0 2770.0 1930.0
HOURE on STREAN ) 2.1 343 4.8 6.1 6.8
RF# 9 N «Q g+ + O .0
CONVERSION
t0 4o Prods,s volX 22,42 20.91 21.55 12,70 12,14 14,329
CD te CO0Z2:s volX -+ 02 2.59 375 1.60 1.94 .41
Clr sm mol/hr/ksm cat. B.44 11.77 °.17 4.90 4.75 4,17
$TY .of oxssenates‘z) _

s rol/hr/kse cat., 8.20 .14 6,14 3.10 2.80 2,20
STOIEHIOM., H2/CO converted 1.90 1.40 1,25 1.40 1.65 1.53
CARBON SELELCTIVITY (Normalized %al¥% on CO2~free Basis) @

CHIOH ?5.80 79.7% &4 .85 72.07 &£5.21 63 .60
C2-Cé ALCOHODLS 1.30 2,47 12.07 755 7:66 8.%1
C2~Cé ALD.LESTERS + 00 1.21 2:25 1.01 73 1.24
CHa 1.80 4.83 7.93 .91 11.03 13,41
C2-C3 HYDROCARBONS + 30 2,70 Z.80 5.52 6:1% 7.+5%
C4+ HYDROCARERONS + B8O 4,95 7419 1,94 S.11 F.+20

APPROACH Tutzj

WGBS Eavilibriumes C

CARBON ACCUOUNTABILITY: X (4) 103.1 111.90 102.4 127.0 i14,2 112.%

[ ———————RERR R B R8BS S8l DR kbbbl b b

{1) Freshs mon-reduced catalust.
(7Y Space Time Yield (STY) = VHSV/22.4 ¥ ZCO in fTeed /100 X XCO conv.s/100 % XSel
to Oxugenates/100.
(3} DLefined 3¢ T = T ea ~ T hs
where T pa = water #as shift eguilibrium temr calculated for reacior 27T,
comprosition.
T hs = hot sepot tewrerature,
{4) Defined as Carbon observed in Products to Feed Carbon Converted.
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CHEM SYSTEMS INC.

SUMMARY FOR RUN € 21i3-61
======"-‘z=======---======n':=====-‘====;=======!ﬂ--===========-===============--===
CATALYST NUMERER @ 217-29-3 naTE ¢t 3/30/81
ATOMIC FORMULA ¢ CuCoK 99

L]
CaTALYSET SUPPORT (88.90X Si02
PREFP METHOD! Evasrcration Ierresgnstion REDUCTION: in Situ Reduction
BULK ﬁENSITY‘l)t +38 gm/ccC REACTOR TYPE! Bertw

TEST HUMBER 1 2

-n‘h-——_——-—‘-—-—-n—--—--——-».-.‘..v-—_m———-—-——--—-w——.—‘--m-————---—-m-——u«_————-ﬁm_———w——-—l—————m

TEST CONDITIONS &

FEED H2Z/C0 RATID 2.10 2.10
FEED CO2 11.00 11.00
AVE. TEMP.» € 293.0 294.0
HDT SPOTs C 293.0 274.0
PRESSURE» rsis 240.0 ?40.90
C UHSUy 1/hr/kam cat. 4915,0 4910.0
HOURS on STREANM 4.8 -1}
RPH 1560.0 31480.0

CONVERSION 3

¢0 to Frods.r volX 10,846 4,18
CO to CO2r wolX Y| 2,54
COy == mol/hr/ksm cst. 5.82 3.54
8TY of axuﬂenatescz)

gm mol/hr/kdn cat. i.,18 + 38
STOICHION. H2/C0 converted 2,33 .16

CARBON SELECTIVITY (Nermalized Mel¥ on CQ2-free Basis)

CH3O0H 1.52 1.77
C2-Cé ALCOHOLS 10.03 8,33
C2-Cé& ALLLRESTERS 2.02 b:76
EH4 : 23.10 24.04
£2-C3 HYDROGCARRONS 26.85 29.44
C4+ HYDROCAREBONE 29.58 29.44

sPPROACH TOT

WG5S Egquilibriume C

CARBON ACCOUNTAEILITYr X () 104.8 231.6

-———___._..._.......—-..-—-—_--_.-....-_—------—_—....___.-—-..-«..——-—-_._.....—-..—-.-—..--———-_-.._—u—-m———_-...---

(1) Freshr non-reduced catalust.
(2} Space Time Yield (STY) = VHSU/22.4 X %00 in feed/100 ¥ XCO conv./100 % XBel
to Dxwdgenates/100.
(3) Defined as T = T .ee - ¥ hs
where T ea = water g3s shif4 eauilibrium temg czlculated for resctor eft.
composition.,
‘T hps = hot srot temrerature.
¢4} Defined as Carbon observed in Products to Feed Carbeon Converied,
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-‘BSUMMARY FOR RUN F+ 213253 Emgﬁ FBMC
====================.“‘.’======E--=============================================ﬁ====
CATALYST NUMBER ! ULI L—-1124 DATE 3§ 4/6/81
ATOMIC FORMULA ! Prorrietare Catalust
PREP- METHOD: UCI eprerzration REDUECTION: Reduced by 2% HZ2 in N2
BULK BENSITY£1)3 i.14 an/cc . REACTBR TYPE! Bertu
TEST NUMBER 1 2

e e ot i 2 ke A b it ol T U o o o N e Y A Y T . e e b i N AR L A B A AN A S S T S S T . S e v kb el A e i S I

TEST CONDITIONS

FEED H2/CO RATIO 2.00 2.00
FEED CO2 : 5.00 5.00
AVE., TEMP.» C 35%.0 36G.0
HOT SPOT, £ 35%.0 240.0
PRESSURE» psis 1305.0 13500.0
YHSVs 1/hr/kam cat., 2480.0 2120.0
HOURS on STREAHW 1.3 1.4
RFH 15006.0 14%0.0

CONVERESION ¢

£O to Prods.r voli 9.00 10.52
E0 to CDZ2s vol¥% +« 30 88
COr gm mol/hr/k=m cat. 2,95 2.00
STY of oxusanates(

dm mol/hr/ksm cat. 2.30 220
STOICHION, H2/C0 gonverted 2.15 1.85
CARBON SELECTIVITY (Normalized Mol% on CO2-fres Basis) &
CHIOH 70,323 68,24
C2-Cé ALCOMULS 10.03 2.97
E2-C& ALD.LESTERS 4,01 4,12
CH4 4,34 H5.74
C2~C2 HYDROCARBUONS 2.22 3.2%
€4+ HYDROCAREBONS 8.98 B.&7

(3>

APPROACH TD
WGS Eeuilibriumrs C

CARBON ACCOUNTARILITY. X (4) 122,0 104.4

(1) Freahs non-reduced catslwst.
(2) Seace Time Yield (STY) = VHSV/22.4 % XCO in feed/100 X %ZCOD conv./100 % XSel
to Ouwdenates/ 100,
(3) Defined as T = T ecx - T hs
ghere T ea = water das shift ecuilibrium teme cazlculzted for reactor eff.
comrosition.
T hs = hot srot tempersture.
(4) Defined as Carbon observed in Products to Feed Carbon Converted.
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CHEM SYSTEMS INC.
SUMMARY FOR RUN * 213~-&4
CATALYST HUMEER & 217-22 (used) DATE § 4/8/81
ATDHIC FORMULA ! CuCoK 22
*

EATALYST SUPFUORT ¢ NONE
PREF METHOD: Correciritation REDUCTION! Reduced by 2% H2 in N2
EULK DENSITY(1}: 1.52 smn/eoc REACTOR TYPE! FPlug Flow
TEST NUMEER 1 2
TEST CONDITIONS
FEED H2/C0 RATIOD 2.00 2.00
FEED CO2 11.00 11,00
AVE. TEWP.» C 2569.0 292.0
HOT SPoT: C 26%.0 292.0
PRESSURE: rps5iB8 . 940.0 935.0
VHEY:» 1/hr/kdm cEt. A4100.0 &6B40.90
HBURS on STREAM 1.5 3.0
RFHM +0 «0
CONVERSIDN @
CD to Prods.r volZ 7.51 10.45
CD to €02+ wvoli ﬁ.l? T35
COy» =n mcl/hr/kdm cat. &£.00 11.54
STY of nxusenatestz3 .

g mol/hr/kam cat. +?5 2,56
STOICHIGK. H2/C0 converted 1 P& 1.14

CARBON SELECTIVITY (Normalized HoelZ on CO2-free Basisg) ¢

CHIOH - , 3,28 3.78
£2-Cé6 ALCOHOLS 8,21 §.37
C2-Cé ALL,SESTERS 17,52  1%.45
CH4 32,66  32.45
C2-C3 HYDROCARBONS 20,80 20.55
C4+ HYDROCARBONS 17.52 13,90

AFPPROACH TD(S)

WES Eauilibriums €

CAREON ACCOUNTARILITYs X (4} 85.1 2648

-____....-—_.......___....-.....-..---....______.......»_-.---.--—--—_—-_..—...._..--...——__..-..._—..._--.--.-___._...._-.-4--——-——_

(1> Freshr non-reduced catolust.
¢?3 Sprce Time Yield (S5TY) = WHSBV/22.4 % J%CO0 in feed/100 % %CD conv./100 ¥ XSel
to Oxuwsenates/100.
t3) Letined as T = T ea - T hs
where T ea = water gas shift eeuilibrium teme cslculated fTor rezctor eff.
composition.
T hse = hot srpt temrerature.
(4) Defined as Carbon observed in Froducte to Feed Carbon Converted,
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SUMMARY FOR RUN # 213-6% CHEM SYSTEMS INC.
==========2:===========ﬂ===========,—.======-===ﬂ=B====-.-========================:
CATALYST NUMBER § 217-30 DATE ¢ 4/9/81
ATOWIC FORMNULA 3 CuCoK .,

CATALYST SUPPORT $88.0% Ne-Y Zeolite

PREP METHOD: Euaparatioﬁ_lmpresnatiun REDUCTION?: Reduced by 2% HZ in N2
BULK nsﬂsrrv"’: &4 dm/ce REACTOR TYFE! Bertw

TEST NUMBER 1 2 3

. o o ke ik A EE TN P T e e i i e il i L A M A B ML T N PPy e el T g oy e e e g e e ey e e e Al A A - DN B T e A N T T T e A o

TEST CONDITIGNS &

FEED H2/C0 RATIO 2440 2.40 2.40
FEED CO2 11.00 11.00 11,00
ﬂUEi TEHP:! C 127200 275!0 291 00
HOT .8PQT» C 272.0 275.0 291.,0
PRESSUREs rsid 220.0 915.0 915,0"
VMSY, 1l/hr/kEm cat. 3980,0 2310.0 2200.0
HOURS on STREAM 1.4 Z.8 3.8
RFEM 1450,0 1500.0 1500.0

CUNVERSIDN 3

LD to Prods.r voli 4.52 11.74 18,56
C0 to CO2y volX + 48 1.064 1.74
COr 3m mol/hr/kam cat. - 3.01 3.20 4,85
{
87TY of oxudensies
m mol/hr/kdm cat. +01 01 +08
STOICHIDM. H2/CO converted 2,22 2.59 2.3%2
CARBON SELECTIVITY (Mormalized MolZ on CO2-free Basis) |}
CH3O0H -+ 43 «22 +33
C2-Cs ALLOHOLS +11 22 1,31
C2-C4 ALD.EESTERS +00 11 .11
CH4 40,17 34,75 356,18
2-C3 HYDROCARBONS 22.77 22.2% 21.44

€4+ HYDRDCARBONS 3442 490.35 41,32

AFPROACH Tﬂtz)

WGES Equilibriumr C

CARBON ACCOUNTABILITY, X (4) 85,2 ?7.3 105.2

o TS Ak . o o v i T kA T T e il B L Ay S oy e T T T T’ o A - T A .

(1) Freshs» non-reduced catalust.
{(2) Srace Time Yield (S5TY) = UYHEV/22,4 & XCO0 in femd/100 X XCO conv., /100 % XSel
to DOxudenstes/100.,

(3) Defined as T = T ea = T hs

where T ea = water #as shift eguilibrivm temp rcalculated for reactor eff.

comrasition.,
T hs = hnt spot temperzature.

{4) Deftined as Carbon observed in FProducis to Feed Carbon Converted.
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