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Washington, . C. 20240

SUBJEZT: Monthly Progress Report No. 3
OCR Contract No. 1L-32-00C1-1207

Dear Mr. Towson:

Phase IT studies cn process and equipment development continue
according to the new work schedule. Plans are being made to dismantie the
100 1b/hr Stage 2 PEDU in preparation of the ares for the new PEDUs. A
final summary repcrt of the Stage 2 PEDU work is being prepared. Editing
of the summary report on the coal composition and beneficiation studies
continues and saould be completed at an early date,

Equipment for the first phase of the cold flow model studies has
beer. instelled and some data have been obtained for feed nozzle orientation
in an integrated gasifier.

In the bench-scale gas processing studies, to find a suitable
- methanztion catalysi for use in the BI-GAS process, evaluation studies
have shown that non-nickel catalysts have justified further work in this
area. In bench-scale studies on char gasification, reactivity tests cn
the char received from Consolidation Coal Company continues.

N Evaluation of the fluidized-bed methanation and gasification FEDU
bid packages received from Koppers is in progress. Flapning for procurement
and erection of equipment for the two PEDUs contimues.

Preparatijon of the bis packags for the Homer City pilot plant
contimes with submission by Koppers planned for early December.

Yours very truly,

1

//5onn W. Igoe/m
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BITUMINOUS COAL RESEARCH, INC.
SPONSORED RESEARCH PROGRAM

GAS GENERATCR RESEARCH AND DEVELOPMENT
Pregress Report KRo. 3

{BCR Report L-Lkl)

I, THTROPUCTION

This report summarizes progress achieved during the ninety-Irifth month of
work on the general progrem, "Gas Generalor Research and Development,” being
conducted by Biturinous Coml Research, Inc., for the Cffice of Cozl Research.
The pregraw which wes initieted under Contract No. 1L4-01-0001-32L December 20,
1963, was transferved to Contract No. 15-32-0001-1207 on Avgust 19, 1971. Thus,
this report represents the third report of progress under the new prime contract.

The overzlli objective of the program continues to be Lo develcop processes
for gasifying coml to produce fuel gas and high-Btu pipeline ges.

Laboratory-scale coal gasification experimentation is to be continued
together witnh process and eguipment development. With the aid of engineering
subcortracter(s), 2 multimurpose research pilot plent facility is to be
designed, coastructed, ard test operated.

A. Work Scl.cdule

Work on the project is being condueted according %o & schedule reflecting
the program ocutlined unde:r the new prime contract. This schedule was shown in
Figure 1, page 2, Progress Report No. 1.

B. Monthly Progress Charisg

Monthly progress charts reflecting proposed rete of effort and expenditures
are shown in Appendixes A~l and A-2.

IT. PEXSE TT PROGRESS ACHIEVED DURING MONTH ENDING NOVEMBER 25, 1971

A, Laboratory-scale Process Studies

1. Coel Composition anc Beneficistion Studies (R. G. Moses and R. D.
Sgltsmen): The report summarizing work performed since September 20, 1970,
cn this phase of the work has been drafted and is being edited currently.

2. Laboratory Pyrolysis of Coal {J. E. Nolij: Work performed on this
rhase of the project since September, 1970, is being summarized together with
the work om cosl composition. (See above.)
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3. FPluidized-bed Gasification (E. K. Diehl and J. P. Stewart): Activity
on the project continved during the past month, with most of the work centered
on the lsboratory investigztions of char reactivity.

PEDU cost estimetes were reviewed; further design study by Koppers has
teen delayed, pending completion of the Homer City pilot plant bid package.

a. Fluidized-bed PEDU: TFollowing & review of the cost estimates
submitted by Koppers in October, a formal request was made to OCR for their
epproval to proceed with the expenditure of funds to erect the unit. The
reguest, submitted November 9, 1971, has not yet bveen acted upen by OCE.

During his visit to BCR on NHovember 23, 1971, Paul Towson indicated
that he had not yet bhad the opportunity to study the reguest in detail. However,
he inferred that sction would be forthcoming.

b. Laboratory Investigetion: Reactivity studies were concluded for
the reaction of carbon dioxide with a char Irow Consolidation Coal's Cresep
plant {BCR Lot No. 246G). One hundred thirty-eight experimental runs were
mede at temperatures of 1000, 1080, amd 1115 O, and at reacting gas concen-
trations of 15, 25, 5C, 75, and 100 percent carbon dioxide in ritrogen. The ——
complete rate equation for the reaction of this char sample with cerbon dieoxide
may be expressed as:

(l'x) = Agh + (l - Ash} e"k (Ccoz)'sot (1}

and k = 1.75 x 1 e __1_-%_;_}9‘_ {2}

fraction of char rescted

temperaturs in °K

concentration of reacting gas

time in minutes Ib. C reected
spparent reactivity ( T5. C inventory - m:m)
= weight percent of ash in unrescted char

where

omowow

x
T
C
t
x

&
o]

From Equation (2), we can find for this reaction an activation energy
of 38 keal/mole and 2 pre-exponential factor (Arrbenius constant) of
1.75 x 10°P min™?. These values correspond to L8 kecal/mole and 3.96 = 10° min™l
previcusly reported for the FMC char-carbon dioxide reaction. In both cases,
the rate was Tound to be proporticnal to the sguare ynot of the carbon dioxide
concentretion. Figure L9 shows & typical piot of Equations (1) and (2) with
the corresponding experimental data.

Table 43 is a camparison of the apperent reactivity k value from
Equation {2} for the two chars. The Consol char is more reactive beloew
1200 € while the FMC char is more resctive st 1200 C and higher. This is slso
shown in the Arrbkenius plot of Figure 50.

The reaction of Consol char with steam is presently being investigsted.
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c. Future Work: Upon receipt of approval from OCR, PEDU erection
plans will be finalized. Detailed engineering by Koppers will be the first
step, since that work will have to precede general procurement, especially
that of certain specialty equipzent items.

Char remctivity studies will contimwe. A summary report of the
procedure and development of the reactivity equations is being drafted.

L. Gas Processing (M. S. Greboski): Work contimmed in the area of gas
processing during the month of November in amccordance with the time schedule
shown in Figure L&, page 7 of Progress Report No. 1 {September 1971). Work
reported here covers bench-scale studies and PEDU planning.

a. PBench-scale Studies: The purpose of the bench-scale program is to
investigate methanation catalysts under conditions imposed by the BI-GAS
process. During the month, three catalysis were screened in the BSM test unit.
Life testing continued on Lot 2903 molybdemum catalyst.

(1) Data and Results for BSM Test Ll: The purpose of BSM Test L4l
was to determine if catalyst Lot 2004 would show eny ectivity toward methana-
tion. Catalyst 2904 is composed of chromic oxide on high-activity alumina and
is prepared by Harshew Chemicel Company. FPhysical property data for Lot 2904
ere given in Figure 51, "Size Distribution Data for Lot 290k Catalwst.”

Three grams of Satalyst 2904 were charged into the test unit, The
tempereture was inereased under synthesis ges, and, st 730 P, there was visible
evidence of methanstion. The temperature was reised to 755 ¥ and the rate of
reaction was determined. Results for Test L1 are given in Teble ha2.

(2) Data and Results for BSM Tests 42 and h3: The purpose of
Pests 42 and 43 was to determine if catelyst Lot 2906 would show any activity
towerd methanation. Catalyst 2906 is composed of iron oxide on high-activity
alupina and is prepared by Harshaw Chemical Compeny. Data for Lot 2906 are
given in Figure 52, "Size Distribution Data for Lot 2906 Catalyst.”

Trhree grams of Catalyst 2006 were charged imbo the test unit. The
temperature was increased under synthesis gas and, at 585 F in Test k2,
evidence of methanation was present. Shortly thereafter, Test 42 was discon-
tinued due to loss of cooling water. Remction rates were meesured at 720 and
BOO F in Test 43. Resulis are summarized in Table h3.

(3} Data and Respits for BSM Tests 4% and 45: The purpose of
BSM Tests W4 and 45 was to debermine the activity of BCR Lot 2915 towards the
methe:ation reaction. Lot 2615 is a nickel-molybdemum catslyst supplied by
Catalyst and Chemicals Inc. To physical property data ere availsble for the
catalyst. Three grams of catalyst were charged to the reactor in Test ik,
The seme material was used in Test 45. Temperature was increased under syn~
thesis ges until reaction wes initizted a%t slightly sbove 600 F. Rates were
meesured between 655 and 800 F. Data are summarized in Tebles 44 and 4S.

YT

Bas

3
i

B O S S

. 'l"



154,

1SA|DIDY pO&Z 107 10 DR uolNqlysig @zi§ *|§ eanBiy

1ED0V08 Ul ‘Yd1nasey (oe) snoutunilg
INIDUAd ‘LHOIIM FAILVINWAD

€6 06 0 ):] +F4 Q9 0S5 or (4] oz
| 1 1 | 1 I { ]

ol

0t

/B g9'| :Ansuag juvioddy /

33/B G6°0 ‘AHsSueq jng o/

0¥

~001

—00%

SNOUDIW 'IZIS I12118Vd

e rena L B B L L

Al

b

R IS I .

v

IR I

v g v ARG T



("

mw DoueTed uoqdw) paziledioN
o |
60°0 6o'0 20 iz'0 69'0 99'0 augyyd
£50°0 700 atro A 850 950 SPIXOT(I uUoqlw)
- - - - C0'€ e6°a ueBoaqIn
t9'0 6o'0 T6'T ®6'T - - 13584
99'0 65'0 161 Lt po*eg €L 0E auwyjan
LT £9°1 he'g 066 LI gh Tg* 64 uadoapiy
6L'0 aL'0 st e 92 £Q 4T gE'st BPTXOUCH uoqIB)
[ T o) T g I
POTAY] POTIad potdad —
184TOY8) wxwz\mwaos g *gayey Y, 93TOW 3 TFUITSIATAUC) quesxsd Lol *gonposd 83994 pu® SJUOTIISAUCYH
0'0 0'0 jusoted faouaragivd
A6 6 646 Jy/geTow 3 ‘qno uoqre) TBLO]
166 6L 6 ay/eaTon 3 ‘ul uoqae) 18%0]
) 14 qaoaed ‘aousaalIld
650 09°0 ay/satom 3 fqnp uaBoagN Tu3ag
660 150 ay/satom F  fur usBoxiiN L0
T 9’0 quapzad ‘aousasiyrd
$ 0% 899 ay/3  fqno 99wl Tesol
9’ LG8 £laz /3 ‘uy sssy 1810L
g PoTIad T potasd 20usTed TUTA839H
»33TnaaYy
ofoT g PoTasg
onotT T PoTIaq
viad ‘axnsssil wagshg
T0°0 augyy
e 6674t g8 taeyen *q ARFA auay e 19 g Potaad
TH'GT  6p°ST yyos ‘aaqam L1y ‘e - APFXOTT Uogin) 44) 1 poTIag
1onpoXg 20° T2 APTXOUOW UOQIBY 4 Caangeradma] magsAg
OT'2z __#yh'€2 uIos ‘a99oN adfJTap fpead gr'z usfoa 4 N ol T+ 06~ ygam *autn
2 T goyeyd moTd LS 65 uadoxphy 0't 9 fapuy
poTaaq qusnxad ‘poaj 1062 "ON 90T ¥DH 3BATeqE)

Ti L34 WSE ¥Od SEINSEY ANY SHITIIANOD ISHE

Rt} L = T ] ——

-

. .....,E...,,..., A ma.._.,.@.s.rwrxn... v!f.mfr&.n;_.....!.h:n.v.i.r......h\...,‘..w -

gUOTITRUOD 183]

‘2N WYY

e iUk L

I e



0
0
—
1ISA[DIDD 906 107 10} BIDQ VONNGINSIQ 8215 TG eunBly
LEO0v0R Fu| ‘Yrupasay |po) snoujwnplg
IN33¥3d “LHO1AM JALLVYINWND
8 08 0f 09 0s or ot 0z ] g m _
[ 1 1 I ] ] | } i ] ot
.
/ L o¢
.
-09
-04
-08
33/6 04| ‘Ansuag jusioddy 06
~001

312/6 9y :Aisuag yiny

00z @

SNO¥DIW '3ZIS 3101LYvd

e B I I T Y e I T e L B e (e B

) 5 T Tg s e SR
fton ‘.“.....:.”.J.rm.”‘mm..q.: %ﬁﬁ%ﬁﬁ: .



R RN I TEEIUE PR RIS TR SN AR SR - et

e R ey B L LA IR I R R A T 11 i L DS T

_M . SOURTHY UOQIR) PIRTToWIoN s
ge0 go-o g0°0 99'0 70 120 €1 £E4°0 640 auBlgy
go'0 H0'0 Wo'o ce'o 2T'0 el*0 L6'0 gh'o gn'o IPIAOTY uoqQds)
- -—— . === --- m—- =- a1t ™hm'e Eq'e uaBory TN
058° 1T 160 960 gl st 891 e === ~-- JO30M
3 EE 1 90 056°'0 00" H gE*1 64" T cEon  TStie  91'se auBl}ay
: €0"h ™'t H'T 613t £z 4 a2z OL*TH  9U'HS 4Q°f¢ waJoxpil
. n9'1 1560 £9'0 16° 4 L1 98T g5°2l  T0°QLl  09°AT APTXOUOY uoaxe)
g T t ] T £ 2 T
' pOTAad PoTLad potIagd
1 18ATBYR) 3jay/eatou d Taagmy Jiy/gaTom F FSUCTEISAND) JuadIad aTOl 'jonpold g978) PU® FUOTIISAUOD
' 0'0 0'0 00 quaatad ‘sousaadIta
¢ gE*HT £6°1T Ly T au/geTom 2 ‘qno uoqae) TV40Y
gE T £G 1T 1t ay/setow 8 ‘ur uoqre) TeI0L
. 92 9'1 9'1 quaozad fa0unIaIITd
: 6o £9'0 £9'0 ay/eatour 3 “4nQ ueFox3N T8I0
; LL'o $9°0 29°0 ayfeaton 3 ‘ul usBoayIN THLOL
B a3y 20 60 jusndad fsousaasyia
., 2'ton g L1t g'61€ au/d ‘qnp ssey Te30]
: g*£6L L*STE £ HIE U/ ‘ux saey eog,
t Potday g pofaeg T DOjdag souateg TOLIa3ON
#83TN89Y .
- 020T £ potaag
0aot & POTIRd
0007 T POTIad
i wiwd faansseag weysdn
— £0'0 auRyyy 008 £ potaad
! $9'91 oty Ay 02l ¢ PoRIag
€9 6'lz z*of /a3 ‘xeqep *q - IPTXOTA UoqIR) (1) T POTtad
Lng G'te 1Ua yyos froqom Lag ‘v 2213 8pIXoUcH uoqas) Jd Seangeradmal megsdg
jonpo.ag 20'g uaBox N 0L+ 06~ ysem ‘az1g
L2E 662 6°¢2 4Jos ‘aeqe) voTITA) ‘paag §0*02 uadoapiy 00'E 2 ‘asuy
- ¢ [ T S09BY MOTJ jusoasd ‘paag 006Z *ON 40T WA 18AT836D
: BOTIag

SUOTRTPUOY 459y,

£ ISEL WSE ¥OJ SIINSTY ANV SHOTIIANDD LT ‘£ UTAVL



0

D

r—
60'0 €10 iT°0
700 93°0 L0'0
N0 160 £1°7
o' 0 L60 9’1
GE°T £€g'e 90° ¢
66°0 QU1 62'T
£ e T

poTIad

35ATeq) 9/ /95Tom 3 Fo030d

g'%  §'15 9°09
On*9T OL'GT TE*9T
2002 TL'tT e a2

t g T

POTIBd

A

R T I LT

SoURTHG UOQIE) PAZTTHMLON »

e v e A Yy

ueyly

ApTXOT(J woqxu)
UaBoaG TN

I338M

ouBUISH
uadoxpiy
9PTAOUCH UOqIBYD

Ta9Bl PUD BUOSIBAUCY

quasodad *aousxazzta

ay/setom § ‘n0 uoqxa) Tejo]
ay/gorom 2 ‘ul uoqeu)d T¥IOL

quaazad fa0usdayITd

ay/gatom 3 ‘qnp uLBOXGIN T¥ROL
ay/setom § fur usBoayIN 18401

quovaad foaousasIITa
au/8 ‘ono gsu 19305
ay/3 ‘ur gsey Teq0L

ay/? ‘asjey °q

yyoe ‘geqem Ly '8

HL*O M0 0560 0L'0 621 e'T
£1°0 gr'o 120 49'0 £6°0 00'1
- --- e ¢a'ez  66'c  g6'e
&'t 652 LEE - - .-
ge't 162 LT°E GE'lz o6t Gptet
Go'n 16°¢ RT 6 LTS L6'eh  3Gren
g1 gs'f 8t 00°LT 2g'8T 9E'3t
£ 2 T & ] T
poTdag POTIS]
ﬁS\meﬁos 3 TaUoTSIIAUOD quadxag ATol "1onposd
Q00°0 0°0 0°0
21'6 48" 0T M TT
216 itH e Mt
2'9 g'¢ f'E
05’0 ge'o 15°0
o 96'0 650
0'1 G'o 40
Q'Gh2 62 9 i
2'6he 6662 621k
£ potaed g poTasd T PO
*33TN90{7
a0°0 BuLUYLH
L9t aueylan
Q0o SPTXOT{ uoqasp
e SpPTXCUCH U0QIny)
onpodd ‘1 uaBoIFTH
18" 66 uaBoapiy

uros fxogap SoTJTI0 *fpaad

8998 MOTS

quaoaed fpaag

aouaTag ToFLoYaN

2201
LG0T
060T

€0l
09l
69L

QLT+
0'¢€
G163

€ potasg
¢ DoTaag
T POTa3]
wied faansgexd wagsAg
€ poraeg
¢ poTwiad
T boTrag
J fawmguredma] waq8dis
05 ysew ‘azyg
8 fogoy
*ON 90T YOoH 39AT1838D

oo A M B OB A hud ey ineed

5UGTIFDUOD 3957,

i TSI Wod HoL SIINSAM NV SROILIWNOD ISAL i AIHVE

ved



o

=
600 L0 010
£0°0 €0*0 00
720 150 86°0
G20 2a'o H6'0
L0 SEr T 06T
£L'0 §9'0 0L'0

t 2 T
pPotasg

18ATBYB) F/3Y/3aTOW .mwpmm

- L
4 " q..!"._.,.,._:.:..-1__.'&.:,,:_, B T T S S

P0UBTRE UCQIB) POZTTULION »

610 0€‘0 ot'0 --- 6lL'0 FAAL
or'0 ) (4 o} --- 6L L TA)
- - ——- “—- 952 66°2
.0 TL'T TS -—— ——- -~
6Lo 66°T £9°1 -~ ON'ge  KI'E3
£1°2 694 Mm.: -~ 1 0 4 A 4
66°0 103 08 ~=- g9t ig'9r
T g T £ ] ::ﬂmx
PotIag ﬁo.n.ncm

Iy/sdtow 4 sUOTAIAAUOY JUsddag O *0npodd

SURYFE

SPINOT(C UoqIB)
udBoL Y TN

Joguy

aumy3 ey
usBorp Ay
OPLXOUCH U0qIB)

H098Y] DUE BUOLBIoAN0)

0'0 0'0 o'0 quasxad faouadeyTq
28°8 296 09°6 ay/saton 3 f4ng voqae) 19305
28°0 296 08°6 ay/oatom 3 ‘ur uogae) Te830L

0'0 6°€ 66 quaared Saouszog)rd
970 £6°0 66*0 ay/eatom B ‘qnp uaBoxg N Te40]
M 0 T6°0 05'0 ay/garom 9 ‘ur ueBol3 N TEIOL

a0 10 €0 quaozad fa0usXolITq
T'Ot2 9° €92 2'692 /38 ‘qnp seuy T840,
G*Ol3 6292 _ 'g9s ay/3 fur ssey TR3OL

£ poTXdd 2 potasd T POTIad 9OUBT B [HIA04UN
S |

090T £ potasg

TN ¢ potasg

#LOT T poyasd
wisd ‘aanssoag wogelg

20'0 auvy1q 669 £ potaag

‘ 6L 9T suBl3apn Lok % PofIag

042 05'0f 02°1€ 14/2 ‘aeqey °q - SPTHOTA UOQIWD oTL T POTIsd
0L LT 94'9T 00°LT ujos faagam Lxg W '12 APTXOUCK HOqIRY) { d famquradmey weysig
qonpoad 2T uaFoa3 TN 0LT+ 05~ ysem €aztg
HE6T 66'T2 #0'22 UIDS ‘dogal 99[ITI0 ‘peag 08 6% uafoapAy ot 2 Soouy
£ F T £330 MOTJ quadxad ‘paag §162 *ON 30T WD 394T038)

POTid

SUOT4TPUOD 3803,

O ISAL WSH HOX SKINSAY GNV SNOILIANOD ISAL *Sh ATAVL



(LT

e

ey

/] [ L

e HRNe At BEYE oo

L H

ey g dmr)

i -ed

170.

(L} Discussion of BSM Tests 41 to LS: During the month, three
more methanation cetalysts were ccreened. These included chrome, irom, and
nickel-molybdenum. A1l showed good activity and selectivity under the syn-
thesis conditions imposed.

Results for the chreme catalyst, Lot 2904, are summarized in
Table 42. Remction retes determined at 755 F are fairly high, and the sceond
period resulis indicated that the rate was increasing slightly. Selectivity
date for the chrome cztalyst are giver in Tsble 46. The mejor products in the
ges phase were methene, ethans, and carbor dioxide. The reletive amounts of
these materials is the same ss for cther cetalysts which heve been Tound %o
promote both the shift and methenatiosn reactiosns. The chrome catalyst is
supplied ir & fluwidized bed form with a mean perticle size of 88 micrnns, as
shown in Pigurs S1. The promising resulis of Test 41 indicate thsi life
testing of the chrome catelyst is wortihwhile.

In Test k3, s flnidized iron catalyst was investigated. The data,
as shown in Table U3, indicate high activity at the temperstures used. Iron
hes historically been used in the Fischer Tropsch synthesis to produce gesoline
gt lower temperatures and pressures. The Sasol operation, for cxample, uses
synthesis terperatures of about 600 F end pressures of 350 psig; while in
Test 43, reaction rates were determined at 720 to 80C F and above 1,00C psig.-
Selectivity date for the mejor products are given in Table 46. A4s was the
case with the chrome catalyst, methane, ethare, and carbon dioxide were
present in large gquantities. The yield of ethane was slightly higher for iron
thar chrome, and & trace of propane was also present. Product water for
iron, hovrer, contained large mmounts of organic materials, while the chrome
catalyst ..oduct water was relstively pure. At the lower temperature, the
iron cetalyst product water was clesr and had & sweet smell indieating the
presence of lsw molecular weight aleohols, aldehydes, and other oxygenated
orgenic materials. At the high tempersture, the product water was cloudy end
hsd a3 foul odor, possibly indicating the presence of organic acids. No
quantitative analysis is available for the liguid effluert.

1t is apparent from Test 43 that raising the temperature of the
reaction system tends to increase the formation of light hydrocartons from
iron while almost completely suppressing the tendency o form gasoline and
oil. Size distribubtion date for the fluidized iron catalyst are given in
Figure 52. The mean particle size is 52 microms. Further testing of iron to
determine catalyst 1ife at high temperatures will be worthwhile, as indicated
by results from Test 43 and past Fischer Trepsch experience.

Tests 4k and LS were carrisd out using = nickel-rolybdemum
cztelyst. Results are summerized in Tables 4k and 45. High activity was
found for this catalyst and the product distributicn date in Table 46 indicate
that the cztelyst pramotes both methanation and the shif% reaction. The same
batch of catelyst wes used ik both tests with 2 system shutdown in between.
The date for the two tests are plotted in Figuve 53. No deactivation occurred
over the test period as it &id when this procedure was spplied to plainp mickel
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Catalyst Lot
Test and Pericd

Temperature, F
Pressure, psia

Carben Moroxide Conversion,
percent

Product Distribution
Percent CO = CH,
Percent Q0 — K
Percent CO — CC,

Catalyst Lot
Test and Period

Tenperavure,
Fressure, psia

Cerbon Monoxide Conversion,
percent

Product Distribution
Percent CC - CH,
Fercent CO0 - G L
Percent CO — CQ

CONVERSIOW AND SELECTIVITY DATA

FOR TESTS k1 TO 45

200% 2904 2506 2900
11 [-2 L3-1 432
755 755 T25 T20
10h0 10Lo 1600 3000
%0.5 L4, 8 29.0 26.7
81.9 8a.4 8o.5 Bo.3
12.5 11.5 13.0 13.5
5.6 5.1 6.5 £.9
2015 2915 2915  E715 2015
ENTT LL-2 LL=3 P 523
765 760 703 710 653
1090 1097 1022 2074 1060
60.5 58.5 3.8 35.2 2.0
Br.7 82,0 77.2 77-9 75.0
12.9 12.0 15.5 b b 15.0
Sk 5.0 T.3 7.7 10.0
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REACTION RATE,

g moles

hr g

g’ 4.0+
3.0~
2.0 Test 44 ¢
' Test 45 ©

E Act= 33.5 Kcal

1.0
-2 I -
8.0 8.5 9.0

1
RECIPROCAL TEMPERATURE, T, Rx10—4

Bituminous Coal Research, Inc. 80406313

Figure 53. Effect of Temperature on the Methanation Reaction
Rate Over a Nickel-Molybdenum Catalys?
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catalysts. Results from the two tests, slong with the encouraging results
for the cobalt-molybdenum catalyst, which is the came type of catelyst, indicete
further life testing of nickel-molybdenum is necessary.

The relative activities of the cetalysts investigated this month
are shown on Figure 54 along with severgl other selected catelystis. From
Figure 5S4, several comclusions mey be drawn. The gualitative effect of
molybdernum on catalyst sctivity may be determined. fThe three molybdernum-
conteining catalysts all have about the same concentration of mclybdenun.
Addition.of nickel enhances the cetelyst sctivity while cobelt adversely affects
the rate of reaction. Substitution of tungsten for molybdenum aiso reduces
the getivity. Chromium is found more active then molybdenum.

Summarizing the resulis to date:

{1) A wide variety of transition metals enhsnce the methanstiion
synthesis ineluding nickel, chromium, molybdenum, iron, and mixtures of nicikel
or cobalt with molybdenum and tungsten.

(2) Nieckel and rickel-containing catalysts sre among the most
active methanation catalysts.

{3) Thke group VIB metals; chromium, molybdenum, end tungsten
alone or campounded, enhance the sctivity in the ssme meuner as they sppear
in the periodic teble. Chromium has the grestest effect.

{5) Cetalyst Life Test 2003: Dsia were reported last month for
life testing of a molybdemum oxide catalyst to 420 hours. During this month,
tke test was extended well pest the 1,000-hour level. The test outline as
described on page 118, Progress Report No. 2, is still in Phese 1.

The effect of time on conversion is shown in Figure 55. At
approximately 600 hours, the reduction process was campleted and aectivity has,
since then, remesired stable. Product distwibution data for the test period
are shown in Figure 56.

Test date reported here show thest the molybdenum catelyst is
exhibiting good activity after 11CC hours of operation. The product distribu-
tion has remained relatively constent over this entire time pericd. The
results on the molybdemum catalyst to dste are very encoursging spd it is felt
that this material will be an adeguate methanstion cmtalyst.

b. FEDU Program: Work comtirued in the srea of PEDU planning and
design during ‘the pest month. As an important part of the PEDU program, the
plastic cold model) was test operated for debuggu:g purposes and the actuml
test program ocutlined,

(1) PEDU Design Status: During the month, Dr. Zenz' comments
were reviewed witli respect To the PEDU, the panel board design was developed,
ard PEDU cost data supplied by Koppers were reviewed and itransmitted to OCR.
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REACTION RATE

g moles
hr g
0 o
3.0~
|
Nickel <atalyst {initial Rate) ror\\/ /
2.0- / / / Molybdenum’
/ // \Oxide
1.0—
.9
.B A
7
6 Cobealt Molybdenum:
5
.4 .
Nickel Tungsten and
Chromic Oxide
.34
B3CF
.2 T : T —1
2.3 8.0 7.5 7.3
1
-4

Reciprocal Temperature, -1:, RXx10

Bituminous Coal Research,

Inc. BO40G34

Figure 54. Relative Reaction Rates of Several

Methanatien Catalysts
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PRODUCT DISTRIBUTION,
PERCENT

0 e

Percent CO—»— CHy,
& [ 3 ° .o -
60— ./ L J .‘\.'\.-.:-‘.
-y
55—
50—
45—
40
35
Percent CO—3— COq
361 o " gD T R
25—
20—
Percent CO——CaHg
15—
-
10— - 2 . .3_.!.—---—'5"'-",..
[ J
5 l ] ; — T T T T :
100 400 1500
TEST HOURS

Bituminous Coal Research, Inc. 8040G36

Figure 56. Selectivity Data for Life Test 2903 Catalyst
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Dr. Zepz had several comments pertalming to the methanation PEDU.
These were submitted as a report to BCR in e letter to R. A. Glenn &eted
October 22, 1571. Vhere Dr. Zenz' carments and eriticlsms were felt correct,
design alterations were mede.

During the month, a meeting with Koppers personnel wes conducted
to define the type of PEDU panel board BCR desired. The result of this meeting
is deseribed in Koppers' Conference Report 201.

Late in October, Koppers submitted a detailed cost estimate to
BCR pertaining to the construction of the methanation PEDU. The summary of
this meeting is outlined in XKoppers' Conference Report 200. Detailed vork
sheets were supplied and BCR adjusted the dollar figures necessery to reflect
reuse of existing equipment and use of BCR lshor. On November 9, 1571, a
letter was submitted to OCR with detaziled cost Tigures, requesting spproval
to build the methanation PEDU. Paul Towson, &5 & result, vieited BCR on
November 23 to discuss the PEDU costs but to date no spproval to build, baesed
on thet meeting, has been obtained.

{(2) Cold Model Progrem: Preliminary tests with compressed air
and sand heve been carried cut in the model. It has been found that bed
expsnsion is in the neighborhood of 30 to 40 percent; therefore, before further
tests are conducted, the length of the model will be increased Irom 6 to 10
feet. The test prograsm has heen developed.

In the develcpment of the methanaticn program, synthesis will be
conducted in & 6-inch PEDU fluidized bed. Before such a umit is comstructed,

' the reector vessel must be cold wodeled to determine the operating character-

istics of such a system.

In the <¢2ld model program, a number of variables will be investi-
geted. The program is to include:

{a) Correletion of minjmum finidizing velocity
{b) Determinetion of minimum bubbiing velocity

(c) Determination of s}ugging region {as & function of gas and
solid properties and bed height)

(d) Effect of internals om slugging
{e) Effect of distridutor on slugging

The most important factor to be determined is the siugging region.
Slugging in a reactor, vwhile mot affecting heat transfer, results in increased
conversion due to the plug flow neture of ‘the reactor. Maximum bubble size
calculations indicete that siugging may or mey not occur depending on the
correlation selected.
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To determine the slugging region, tests will be made with sand
and freon in a G-inch plastic tube. In this system, similarity with respect
to the perticle to fluid density ratio will be maintained. Tests will be made
both with and without intermals. The conical cCistributor described for the
PEDU (Progress Report No. 1) will be used but the plate configuration will be
varied to adjust the jet penetration into the bed.

Later in the model progrem, tests will be conducted in a steel
model unit (Figure 8, Progress Report No. 1) using actusl catalyst and argon.
The purpose of the tests in this case will be to directly simalste the particle
Reymolds mmber found in the PEDU slong with exact size distribution end shape
of the particles. Data from the two models will be useful for future studies
on ‘the pilot plant methanator, since they will indicate the effect of gas
viscosity and particle shepe on the modeling process and shouwld pemnit all
further studies to be carried out in plastic tubes.

Limited date are availsble in the iitersture on sliugging in high
pressure systems. As the density ratio is decressed, slugging tends to beceme
less favorsble. Thus, while slugging hes been sbserved in atmospheric beds of
sand fluidized with sir, the phencmens mishi not occur using a more dense gas.
In the PEDU, the gas density will renge from sbout 1 1b per cu ft to 1.5 1b per
e £t depending on the pressure and ges composition. The cabtalyst will have
an gpparent demsity of 115 1b per cu f£fi. To model this systen, sand has been
prepared to a size distribution similar to the cetslyst and twe gases, air
and freon 12, have been selected for the fluidizetion medium. Table 47 eompares

the properties of the two systems, while Figure 57 shows the particle size
distributions.

The initiel testing will be cerried out with air, no internals,
end a 5-foot unexpanded bed. While the alr tests are being conducted, photo-
graphic techniques will be investigated for the frech tests.

The sequence of freon 12 tests for eech distributor plate will be
the fellowing:

(a) Adjust bed height to desired level

(v) Incresse freon flow in stages until bed slugs
(¢) Incorporate internals in the bed

{(a) BRepeat (u), (b} & (c).

If slugging does not occur without internals, then there is no
reason tc run further tests.

The sand hes a larger mean particle size than the cataliyst, for
several reasons. Pirgt, if attrition of sand occurs, the mean particle will
become smaller. Second, since slugging is & funection of particle size, with
slugging probability higher for coarse beds, it is conservative to use =
slightly larger particle diameter for the studies.
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TABLE 47, COMPARISON OF PHYSICAT PROPERTIES IN
THE PEDU AND PLASTIC MCDEL SYSTEMS
Property PEDU Modeld
1. Solids Catelyst Sand
a. Apparent Density 115 1b/ft? 170 1b/1H°
b. Size, mesh
+ 100 3.79 percent 3.2
+ 120 L. .85 11.7
+ 140 G.65 27.0
+ 170 21.57 39.1
+ 200 35.22 51.¢
+ 230 Ll sk 6.0
+ 270 - T79.0
+ 325 76.14 87.0
- 325 1c¢C.Cco 1c0.0
¢. Meen Diemeter 62 Microns Th Microns
2., Gas Synthesis Gas Air ard Frecn 12
2. Density 1-1.5 1b/ft® C.C7 - 1.8 1n/ft?
b. Approxirete min, 30 ft/br 50 ~ 1C0 ft/hr
Filuidized Velocity
3. Reactor
a. Diemeter 6 inch € inch
b. Bed Helght 0-8 feet 0-8 feet
¢. Internals {12) 1l-inch Firned {1/4-inch) (5} 1-inek Plein
d. Distributer 70° Come - 2 in. 70° Cone - 2 inch
drilled plate drilled plate
e. Density Ratio Ps/Pg Bo - 135 G4 - 2500
f. Re m» min Fluidization 0.20 .03 - 1.80

ks
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¢. Future Work: Work willi continue according to the gas processing
schedule during the coming menth,

At the ovench-scale level, saveral catalysts will be screened ln the
BSM test urnit. These include 2 percent nickel on refractory support,
ralladium, and copper chromite. ILjfe testirg of the molybdenum catalyst will
continue. FPhase 2 of the program will begin during the mornth; the space
velocity will be reduced by one-half to determine the effect of space velocity
on product distribution. Late in the month, the feed gas composition will be
changed %o reflect the shif'ted but unscrubbed synthesis gas. This gas will
tend to suppress shift reaction and indicate product selectivity uncder conditionms
vwhere carbon dioxide will not be formed.

Work on the PEIU willl contimue. JApproval of funds to proceed with the
detail design and construction are necessary if the gas processing time
schedule is to be met. Further review and refinement of the FEZDU design will
be carried out. Final preparation for the model program should be campleted
and data collection on this portion of the program should begin.

5. Afpalytical Services (J. E. Noll): During the past month, 122 samgples
were anzlyzed. The mumber and type of analyses requested were as follows:

Type of Anelysis Number of Sarples
Reguested Analyzed

Gas Chrematography
Methanation Unit 38
Mcdel Studies 84
TOTAL 122

6. Gas Chromatographic Procedures (J. E. Nell): No work was dome
on this projest during the past month.

Future Work: Performing sample anpalyses is the cnly work pleoned.



