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i. INTRODUCYION 

The objective of 5his contract with the Office of Coal Research is 
~e ceve!op the Kellogg Gaslfica=ion Process ~o the point where it will 
be e~!a, on a co.,-mn,~ercial scale, to convert coal into pipeline gas at a 
=os~ of 5Cc/MSCF or hydrogen at 25¢/MSCF. Five raw materials are to 
be studied -- an anthracite, a high-volatile bituminous coal, a sub- 
bitu~,inous coal, a lignite, and a char. Aithough Kellogg's experimental 
wcrk will not extend beyond the production of raw synthesis gas, ~he 
over&!! prsjec~ muse ~ake engineering evaluations for four ultimate end 
products -- pipeline gas, hydrogen, synchesis gas, and transport gas. 

Basis for the Kellogg Gasification Process is ~he react, on between 
steam and fine coal in a mol~en salt bath zo form synthesis gas, a 
mixture of hydrogen and carbon monoxide, according to the reaction: 

C ~ H20 ~ heat ~ H 2 + CO 
(¢oai~ (steam) (synthesis gas) 

The ne=essary heat of reaction is supplied by circulating a heated mol=en 
sai= stream. In addition, the molten salt mixture is chosen to catalyze 
the sasuf~=ation reaction so that it may be carried out at a relatively 

Yhe vrc~rem is divided into 5hree phases of study extending over 
a five-year period. Phase I, which is now in progress, involves several 
concurren= efforts: 

i. bench-scale process research -- to investigate melt properties, 
reaction kinetics, and the effect of process variables. 

2. Chemical engineering studies and development -- to determine 
lhe optim~ process flowsheet and opera=ing condiZions and 

Eo coordinate experimental work with overall project objectives. 

3. l.~echanical development -- to find acceptable materials of 
construction and develop techniques for handling the mol=en 
salt and powdered coal. 
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Fna~e i wzll be concluded by the design of a pilot pl~-t to gasify 
2~ cen~ of =oai-per day, if i~ is found that a pilot plan= program is 
ju~5~f~ed by the bench-scale experimentation and economic studies. 

Phase ii wLIi be devoted largely to the cons=ruction and operation 
of a pilot plant to ¢onver~ a variety of raw m a=erials into raw 
$}mthesis Bas. The effect of operating variables found to be si~nifican~ 
in ?ha3e 7 will be investigated ~o obtain data for design of a commercial 
~lan=. 

Phase iii wLii involve $he detailed process design of a cormmercial 
olant =o produze 250 million standard cubic feet a day of product gas, 
includcn~ cosz estimates and projected economics for those areas of 
the country =haE appear ~o offer cormmercial possibilities. 

ihe !as: mon=hiy report, Progress Report No. 18, dealt exclusively 
~z~h an a~sess=en% of the technical and economic feasibil~ty of the Kellogg 
Coal Gasification Process; consequenEly, no experimental results were 
repcr=ed. Da~a ~resen~ed in =his report are, therefore,those obtained 
during J=n~ary and February. 
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II. SUMMARY 

T~:s progress report is the nineteenth since the awardin~ of ~he contract. 
; ,s =9ncer~ed w~t~ the F i r s t  phase o f  the c o n t r a c t  and sum, m e r i z e s  zhe p rogress  
~ - ~  h~s been made in the t h r e e  p r i n c i p a l  a reas  now be in£  s t u d i e d :  process 
-÷:~':ar~n. cmec-icai encineerin£ studies~ and mechanical development. 

The effect of reactor pressures up to 60 psia on the rate of gasification 
~F ~ituminous coal and coke was investigated in the 2-inch ID Inconel reactor. 
T-T~ ,~as =one im zhe presence or absence of ash and for various ieveis of the 
"o;!ow:rg varTables: superfTcial linear ve]ocity~ react/on temperature~ and 
- .=~reted s a : t  dep th .  

Tae twemzy experiments currenz1y being reported~ aton~ with seventeen 
e iOL:5!y repo,tedj showed the following resul~s over the ranges studied: 

1. Higher pressures yield substantially hicner saecific rate constants at 
test un to abouz ~ azmospheres. The magnitude of the increase is about 6~ 

c/ tc ~OJo ;n going From l to 4 atmospheres. 

2. Increase in superficiai velocity ieads to an increase in the specific 
: a s ~ f l c a t i o n  r a t e  c o n s t a n t .  

3. In the presence of ash~ the specific 9asificatlon rate constan~ 
:~ ~ases. 

L,. As the c~ep~h of the unaerated salt is increased from Z+ inches to 8 
-~-s. h,c, wecer: the specific rate constant decreases by some 20%. 

The last three results are believed tc represent differences in the efficiency 
~ mlxi~g steam, carbon and melc in the reactor. Furzher experiments are planned 
:~ an attemot to iiluminate these effects. 

IZ is encouracing~ however: that an overal] gasification rate of 39 pounds 
:,~sTfied per hour per cubic foot of salt can be projected from the present data 
For operation at 1840°F~ 4 atmospheres: 8-I~ ash~ 4 inches of salt depth~ 
,~d L~ coke im the melt. 

The experimental resultz at 1840"F are less consistent than at ]740"F because 
• i,~ react;on occurs so rapid ly that precis ion is reduced. Nevertheless: i t  
; ~ ; ~ a r s  t h a t  the  s p e c i f i c  r a te  c o n s t a n t  is i nc reased  by a F a c t o r  o f  about  1.8 
.u~ to the  lO0°F r i s e  in t e m p e r a t u r e .  The o p e r a t i n g  c o n d i t i o n s  and 



~HE ~ . w ,  KELLOGG COMPANY" 
J OlVi~,|OP,,, OF P~JL.~MAN INCOP, I~ORATEO 

PAGE S0. 

REPORT I(0. 19 

ra=e consnant obtained by extrapolation of these experimental data are 
$~m~ar6/ below wi~h the values used in the most recent con~mercial gasifier 

?arameter F!owsheet Design Experimental Resul~s 

Feed material Bituminous coal 
Gas~fier temperature, =F 1830 
Av,z. s~eam parzial pressure, psia 250 
A~h concentration in melt, % 8 
Carbon concentration in melt, % 4 
Superficial gas velocity, ft/sec 1.2 
Eed depth 15 feet 
Specific race cons=an=, k 2.3 

Bituminous coal 
1840 
40-50 
8 
4 (initial) 
1.0 
4 inches 
3.3 (extrap.) 

Ibis summary shows that =he major difference between the design case 
an/ experi=en=al resu!=s to daEe is in depth of bed employed. The impor- 
tance of continued experimental effort to elucidate the observed effect 
ef bed depzh is thus re-emphasized. 

Data on salt carryover in gasifier effluent have been collected 
=n ~cen~ experiments, but have not yet been correlated to present a 
cica~: picture. It is hoped that further data will aid in clarification. 

Work continued toward the objective of assembling base-case "process 
;,ac~fee" for the conversion of bituminous coal and subbituminous coal 
i~.e~ g50 b~ SCFD of pipeline gas. Each package will include process 
fi~i~eet, material balance, utilities st~mmary, capital cos= estimate, 
and ~alculated pipeline gas production cos=. These base-case designs 
will then be used to determine the effect of new experimental findings 
or e~pticns on process econonics. 

?rocess £iowsheets for proposed pilot-plant and pro-pilot units 
were prepared t~ assist in deliberations concerned with the scale of 
operation for the next stage of the development program. 

Testing of materials of construction in the very corrosive reactor 
envircnment i~ continuing. Corrosion test #8 was run for 260 hours at 
I$!C°F under gasification conditions. Several high-purity aluminas, 
~eJerai zirconias, and Haynes Alloy 150 were tested. 0nly =he aluminas 
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produ=ed by General Electric and Mc Danel passed the test sa=isfactorily. 
Monofrax A was not teste6. 

Oxidation test #2 was run for 135 hours at i840°F in a simulated 
combustion atmosphere. Samples of high-purity al~ina by Norton, McDanel, 
and Harbison-Carborund~=n were tested. Only the Harbison-Carbor:nd,mm 
material (Monofrax ~)~ che only high-purity al~-nina ~hat is ca:~t in the 
molte~ staEe, passed the tes~. Its measureG corrosion rate was z very 
satisfactory 0.046 inches per year. 

C-xldation test ~3 at i840°F in a simulated combustion aamosphere is 
now in progress. Specimens being tested include four high-purity al,m~inas, 
an industriai sapphire, and an aiumina-zirconia-siiica mixture. .,"he 
sammi,~s were removed for inspection after 85 and 200 hours. Monofrax A is 
in exceiient condition, with a maximum corrosion rate of 0.05 inches per 
year. Monofrax A con~iz:ues to be the beet materiel tested for che intended 
service. 

The 4 I/4-inch ID corrosion test reactor has been modified Go run 
gasification rage tests at atmosphe~cpr~ssure. This larger reactor will 
send to minimize wall effects and should permit investigation of the effects 
of bed hei~h$ and top vs. bottom feeding of coal. These results will be 
compared with those obtained in the i-inch diameter unit. 
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Iii. PROCESS RESEARCH 

A. Act era? i -_ sP~en=s 

Data for all ~he gasification runs perfomned since Repor= No. 17 
are presen:ed in Table i. The main object of these runs has been to 
e!.=idate the eiie=~ of s=eam pressure up to 60 psia on the kinetics of 
gasification wi=h the hope that extrapolation to commercial design pressure 
of &00 psia can be made. 

The initial attemp= under pressure was made to obtain four r~ns at 
184~=F an/ 0.3 f=/sec superficial gas veioci~y at approximately i, 2, 3 
=nd 4 a&mospheres steam pressure. Two of these runs were below par in 
welgh= haiance, apparently due to some coke sticking to the metal of the 
inie~ coke hopper. Additional eiec~rica! heating was insEal!ed ~o elim- 
zna~e =his probi~m. ~o runs were also made at 1 ft/sec velocity to take 
=iV=n~age of the higher reaczion rates previously observed (Report No. 16). 
Le~:una~ely, the ru~s a~ i$40~F ~ook place so rapidly ~h@~ it was felt 
~zcuraay was lowered and variability was enhanced. Thus, the runs were 
eunlZca=ed az iT4&°F to obtain a more reliable index of Ehe effect of 
~te~n pressure on the gasification kinetics. These runs will be discussed 
fzrs~. 

The 1740°F runs ;n Table l, as wel] as all the ear}Jar runs using bitu- 
minous coal anC coke il (prepare~J by heating bituminous coal to 600°C) at 
:his temperetjre: have been used to obtain Figure !- where the effect of 
steam pressure on the specific gasification rate constant (outF.,~t basis) has 
been plotted. Notably the results line up extremely well and give (~xcellent 
corr~-lations for three sets of conditions. 

Firs= of all, normal data for a 4-inch quiescent bed depth and 0.5 
~t/se= superficial gas veioci=y have been correlated from 4 to 60 psia 
of ste=-~. Next come data from runs with a 4-inch quiescent bed using 
either no ash in melt at 1 ft/sec velocizy or 8 to 10% ash in melt with 
0.5 fK/sec velocity. The last correlation is for an 8-inch bed depth with 
0.~ ft/sec velocity and no ash present. The correlation with ash present 
(ash is no= usually present in experimental runs because of corrosion and 
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reactor cleanup difficulties) represents conmnerciai operation more 
closely than the others do. in all runs the con&entration of carbon was 
4% aS the start of the run. 

The results shown in -i~ure i a~ ! to 4 a~mospheres s:eam pressure 
are reproduced in the foiic~C,.g table. 

Gasification Raze Constant - k 

Steam Pressure -0. bFPS 

a=m. 4" Bed 8" Bed 
4'Bed, IFPS or 

8-10% Ash at 0. bFPS 

i O. 67 - i. 15 
2 0.97 - i. 67 
3 1.15 0.89 1.8! 

4 1.21 0.99 1.83 

The kinetic constant is improved by a factor of 1.6 - 1.8 by going from 
atmospheric pressure to four atmospheres. I~ does appear that pressures 
above 4 atmospheres ~ili have very little effect upon the kinebics. How- 
ever, one verification point at i0 atmospheres pressure appears experi- 
mentally possible in a new Intone! reactor and has been placed oo ~he 
agenda. An a carbon concentration of 4%, the i.8k represents about 22 
Ibs. of carbon gasified per hour per cubic foot of melt, a very res>ecC- 
aDie figure at only 1740°F. 

One point on the curve, coke IV a~ one atmosphere and normal condi- 
t~o:~s (0.92k), appears ro be definitely out o~ line and may have been 
a result Gf some incc~..@lete!y washec-out ash !eft in the reactor from 

previous run. Five o~her points which averaged 0.63k indicate the above 
point is probably in error. Two o:her runs, 9977 and 9978, were made 
wi~h melt from the previous run and gave rate constants below the top 
curve. Analysis of 5he data indicated uptake of carbon dioxide hY the 
=e~t in the initial period decreased the value of the rate constant. 
Thi~ effect was caused by loss of carbon dioxide from the carbonate 
of :~e melt during heating and cooling with a nitrogen sweep to keep the 
~nlet clear of salt. Uptake of carbon dioxide then occurred as it was 
generated early in =he gasification period. 

i: is interesting to note =hat the top curve in Figure i shows 
that an increase from 0.5 to I rE/see velocity noc only equals the effect 
of aiding =e.-_L to the melt =~-- 0.5 ft/sec, but gives an increase in rate 
constant by a factor of 1.5 - 1.8. This increase in the presence of 

plenty of excess steam lends strong support to the proposition that 
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i,,-~preved mixing of the coke and s~eam is the underlying reason for the 
amprove~en~. ~ne 20~ drop in rate eonstan= shown for the 8-inch bed 
from that for the g-inch bed at 0.5 ft/sec is believed to be due to the 
greater difficulty of ~ixlng in =he higher bed a= the same 2-inch diameter. 
An attempt to ~-nploy an $-inch bed with ash present to improve mixing 
failed Decause the salt fro=had up upon charging the coke and plugged the 
cutlet. This work has led to the conclusion that higher bed heighEs 
must be investigated in larger-diameter reactors before proceeding to 
construction of a pilot plant. 

All gasification results at 1840°F have been plotted in Figure 2 
against steam pressure. It is in~ediately apparent that the results are 
not as consistent as zhose at i740=F (Figure !). However, the results 
are in general agreement. The slope of the cuzve at higher pressures is 
much iess certaia than at the lower ~emperature. This of course reflects 
the d%fficulties of kinetic analysis at high gasification ra$es, if 
one assigns the factor of 1.5 as obtained from Figure i at 60 psia for 
the A-inch bed with ash present over the non-ash result, then at i840°F 
~ha rate constant should be about 3.3 at 60 psia wi~h ash present. This 
corresponds to a very sizeable gasification rate of 39 ibs./hr./cubic foot 
of bed at 4~ carbon concentration. 

Addi=i~nal data have been collected on the salt carryover problem. 
qhese data have not as yet been correlated to presen~ a clear picture. 
it is hoped this can be done for the next progress report. 

~,. Pro ~ecEions 

The Pr¢~ess Research Group will ccoperaEe with the Mechanical ~ 
Deve±~pment G~oup te obtain data in a four-inch diameter reac=or at 
t~ levels cf bed height. It is hoped =hese data will furnish some in- 
&~ght into the effect of reactor diameter, bed height and point of coal 
~nt[y ~o be used in designing larger equipment. 
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ZV. CHEMICAL ENGINEERING STUDIES ~aND DEVELOPmeNT 

A. Accomplishmen~s 

The iraaediate objective of this effort is to prepare a base-case 
"process packaEe ~' for the production of 250 I~M SCFD of pipeline gas 
from (I) biKuminous coal and (2) subbituminous coal. These packages 
will be based on recent experimental data, plus assumptions where nec- 
essary, and will consist of: 

i. Process flowsheet 
2. Material balance 
3. Utilities summary 
&. Cap%Lal cost estimate 
5. Cor~putation of gas production cost and selling price. 

Working from these base-case designs, the effect of new experimental 
findings or different design assumptions can be evaluated efficiently. 

The process flowsheet for the gasificatien and ash removal sections 
of the pipeline-gas-from-bituminous-coal plant was co:~ieted. Instrumen- 
~abion and control of the major process variables associated with gasifi- 
cation, combustion, and ash handling during normal operatio~ were sEudied. 
Equipment was sized for these sections, as w~l! as for the rest of the 
pr~zess facilities -- shifting, gas purification, and meZhanation. 

Y~terial and utilities balances were revised for a cor~mercial 
plane producing pipeline gas from subbituminous coal. New equipment 
specifications for process plant and offsite facilities were prepared 
for cost estimating purposes. 

Two other flow diagrams were prepared for the gasification and ash 
removal sections of the process: 

!. 

2. 

A pr;~osed pilot plant sized to meet the contract requirement 
"of a mi~:imum capacity of one ton of coal per hour". 
A possible pre-piiot unit (no. 2) which could serve as an 
alternative to the 5 I/2"-ID, electrically-heated reactor 
<:,re-pilot unit no. I) as the ~,ext experimental step in the 
6~veiopment program. Size of the gasifier for this unit was 
~t, somewhat arbitrarily, at 12" ID, resulting in a nominal 
coal rate of about !/4 ton per hour. 
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These flowshec~s were prepared for two purposes: 

i. To assis= in identifying the problems tha~ must be solved 
and the uncertainties =hat must be resolved in the develop- 
men= of a successful ccmmerciai process, and in reviewing 
at whet stage of the program these problems should be attacked. 

2. To assist in the preparation of a preliminary mechanical design 
and cost estimate for pre-pilot unit no. 2 so that =he merits 
of units no. I and 2 may be compared. 

Equipment vendors and design firms were consulted in connection 
~itn the facilities needed for receiving and storing coal, and preparing 
i~ for gasification. Several systems were recommended. Valuable 
assistance "~as obtained in estimating capital costs for these sections 
of the plant. 

B. Pro~ections 

i. Bituminous Coal 

A process flowsheet will be prepared for the entire plant, 
from coal preparation to product gas. Utilities consumption 
will be estimated and =he size of offsite facilities will be 
determined. The capitai cost estimate will be started. 

2. Subbituminous Coal 

The economic effect of quenching the hot effluent gas from 
gasifier and combustor to remove coal tars and entrained mel= -- 
if =his should prove necessary -- will be ~nvestigated. The 
effect of varying the gasifier operating t~mperature will also 
be studied. 
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V. MECHANICAL DEVELOPMENT 

A. Accomplishments 

I. Envirenmentai Testing of High-Temperature Materials 

Corrosion test #8 was completed during January. This test, 
conducted in the reducing, or process, atmosphere, lasted approximately 
260 hours and included the following samples: 

a. Norton 5995 
b. Haynes 150 
c. Lucalox 
d. Zirconia Y-I027 
e. Zirconia Y-1235 
f. Zirconia Y-1484 
g. Zirconia Y-1485 
h. McDane! AP-35 

High-purity ai~mina 
28 Cr, 50 Co, 20 Fe 
HiEh pur.~ ty ai~-nina (General Electric) 
Yttria-stabilized zirconia 

t! I! f! 

I! t! I! 

If !! 1! 

High-purity alumina liner for the 
t~st reactor. 

The results of this zest are as follows: 

a. Norton 5995: 

b. Haynes 150: 

All three samples completely vanished. 

All three samples recovered, but all severely 
corroded. The sample in the vapor space was in 
the best condition, but wasn't deemed satisfactory 
for this service. 

c. Lucalox: All samples suffered mechanical damage and were found 
to be in fragments after the test. The corrosion 
attack, however, was very slight, 0.052 in/yr (average). 

d. Zircoaia Y-I027: There were only two samples of this material 
in this test. The one in the vapor space was 
still intact, but appeared badly corroded and 
crumbled easily in t~e finEers. Calculated 
corrosion rate was 0.254 in/yr. The second 
specimen (fr=~. the l~quid-vapor interface) 
failed so completely that only fragments 
remained. 
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e. Zirccnia Y-1235: 

= girccnia Y-!48A: 

No sam~!es recovered. 

The samples from ~he vapor and the liquid- 
c~por interface were recovered. The one 
in the melt vanzshed. Bosh samples ~ha~ 
were recovered had increased slightly in 
size, indicating a phase transformation 
which was not controlled by the yttria 
stabilizer. 

g. Zirconia Y-!485: Only :he sample from the vapor space was 
recovered. The ¢ommen~s from "f" above apply. 

h. McDane! ~=-35 Liner: The liner appeared in good condition 
excepn for mechanical damage from thermal 
shock (the tube cracked again). It is 
not possible to d~=ermine a corrosion 
ra~e for the liner, but the effect of 

corrosion seems to have been very slight. 

A second combustion atmosphere test (Oxidation test #2) was also 
completed during january. This tes= ran for approximately 135 hours and 
inci~ded samples of: 

a. Norton 5995 
b. Monofrax A 
~ McDanel A?-35 

.~ligh-puri ty alumina 

Central tube and liner of high-purity alumina. 

The test results were: 

a. Norton 5995 complece!y vanished. 

b. ~ioncfrax a in very good condition wit~ a corrosion rate of 0.046 
in/yr. 

c. McDanel AP-35. The central :ube again thinned out to failure, 
and the liner cracked due to thermal 3hock. 

Oxidation test #3 has been in progress auring the remainder of this 

report period. The testing was interrupted at 85 and 200 hours =o obzain 

_n___m_o~ate corrosion ra~es. Testing included the following samples: 

a. Monofrax A (High-purity cast alumina). 
b. Monofrax M (High-purity cast alumina w/l.l% ;iO2) 0-200 hours. 
c. Norton 6C40 (Bonded hiFh-purity alumina bubbles) 0-85 hours. 
d. Corhar= ZAK 50! (49% AI203 - 34% ZrO 2 - 15% SiO2) 0-200 hours. 
e. Industrial Sappho-re - replaced Norton 6C40 at 85 hours. 
f. Morganite T~iang!e RR (high-purity alumina) replaced Corhart 
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ZAK 501 after 200 hours. 

~ne results of this test after 85 hours were as follows: 

Monofrax A: Sample recovered on zhe speciman rack in excellent 
condition. A maximum corrosion rate of 0.01 inches per year 
was obtained. 

b. Monofrax M: Recovered on the specimen rack in good condition. 
One corner was broken off by mechanical shock during recovery; 
however, this did not reflect a shortcoming of ?h= material. 
A maximum corrosion rate of 0.25 inches per year was obtsined. 

C. Norton 6040: The specimen was not recovered on the rack. 
However, a badly deformed mass of what appeared to be this 
material was found in the melE remains. Unexposed, this 
maEerial lacked mechanical strength and was quite porous, 
which probably led to its early failure. 

d. Corhart Z~< 501: Recovered on the specimen rack in good con- 
di=ion. Some ro'~nding of the edges was noted. A maximum 
corrosion rate of 0.28 inches per year was obCained. 

The results of this test af=er 200 hours were as follows: 

a. Monofrax A: Recovered on the specimen rack in excellen= con- 
dition. A maximum corrosion rate of 0.05 inches pc? year was 
obtained (measured from time zero). 

5. Honcfrax M: Recovered on the specimen rack in good condition. 
A maximum corrosion rate of 0.25 inches per year was obtained. 

d. Corharc ZAK 501: Specimen not recovered at this time; however, 
a possibility exists that it remains in the melt~ which was not 
removed for the 200-hour inspection. 

e. industrial Sapphire: Recovered on the specimen rack in good 
condition, although cracked by either thermal shock or differ- 
ential expansion of the specimen rack on withdrawal. A maximum 
corrosion rate of 0.095 inches per year was obtained based on 
zhe 115 hours of exposure time. 

Mono, frax A continues to be the best material tested for the intended 
ser%-i~_ e. 



THE ~k..W. KELLOGG COMPANY 
~' D I V | S | O E  OI =' PIUL-" MAN INCO.~F)ORATED 

R£~III~ARCM ~ C) P'WELOPMKNT ~ ' P J m ' I ' M l l ; ~ T  

PAGE NO. 18 

REPOI~T NO. 19 

2. Gasification Tests 

The 4-i/4-inch I.D. corrosion test reactor used for the 
reducing-atmosphere tests has bee~ modified to run gasification rate 
~ests at atmospheric pressure. This larger-diameter reac=or will tend 
to minimize wall effects, and will also allow the effects of bed height 
and top vs. bottom coal feeding to be explored in relation to results 
obtained in the 2-inch diameter unit. An exploratory run with a 6-inch 
bed height has been completed. The results obtained in these experiments 
will be reported by the Process Research Group as part of their overall 
gasification rate testing. 

3. Coal Feedin~ Studies 

Design of the pre-pilot plant coal feeder has been completed 
and is shown in Figure 3. 

B. Projections 

I. Environmental Testing of High-TemperaSure Materials 

Testing of the materials currently in Oxidation Test #3 will 
e~ntinue. 

Additional gasification ra:e tests will be conducted a= atmos- 
pheric pressure with two bed heights (one approximately twice the other) 
and with top and bottom coai feeding at one bed height. 
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