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REPORT NO. 25 

I. SUMMARY 

This progress report is the twenty-fifth since the awarding of the 
contract. It is concerned with the first phase of the contract and summarizes 
the progress that has been made in the three principal areas now being studied: 
process research~ chemical engineering studies and mechanical development. 

Three new g a ; i f i c a t i o n  runs were made at ten atmospheres pressure and 
one at three atmospheres in order to better define the curve of rate versus 
pressure which was previously presented. Temperatures of 16b, O~ 17OO and 1815=F 
were investigated~ and the results obtained indicate that the relationship 
or ig ina l ly  shown is s t i l l  a perfectly good one. 

Two runs were ~ade at 16~0=F to check the slopes of  prev ious ly  obtained 
Arrhenius plots for anthracite and FMC char drawn with the aid of data obtained 
at ;640 and 1740"F. The rates obtained fe l l  exactly on the lines drawn through 
the original data confirming the va l i d i t y  of these plots. 

Five new combustion runs have been made at three atmospheres to ta l  
pressure wi th  a bituminous coke and the FHC char. Combustion rates for the 
bituminous coke were greater than those used for  design at  temperatures of  18~O°F 
and above. The combustion of the FMC char was so rapid that during the f i r s t  few 
minutes o f  each run a l l  the oxygen fed was consumed. 

One run was made to determine the r e a c t i v i t y  of the FMC char wi th molten 
sa l t  according to the react ion:  

C + Na2CO 3 ~-r----- 2C0 + Na20 

About 3 8 percent o f  the carbon reacted wi th a rate of about 3 lbs . /h r . /CF .  

Preparation of a flowsheet for the production of pipeline gas from lig- 
nite continued, Prel iminary cost ca lcu la t ions  have indicated that the increased 
ash quant i t y  handled in th is  case has led to higher gas costs j  and new processing 
schemes are cu r ren t l y  being devised to minimize th is  problem. 

in an e f f o r t  to gain a -be t t e r  understanding of  the e f fec t  of  ash on melt 
v iscos i ty~  experiments were made to determine the time required for  known nuant i -  
t i eso f  var ious f l u l d s  to f low through an open tubejthus obtain ing a r e l a t i ve  
measure o f  v i s c o s i t y .  The resu l ts  o f  these t e s ~ i n d l c a t e d  that  under condi t ions 
of reasonable turbulence3 the v~scos i ty  of  a 12 percent ash-Na2CO 3 mixture might 
be ctoser to that  o f  water than was prev ious ly  bel ieved. 
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Simulated melt circulation experiments using air-water and a~r-glyceri~1~- 
water systems have been carried out in an attempt to determine important design 
parameters and to develop an analytical method For designing such an "air l i f t "  
Flow syscem. Efforts to predict the Flow rates For th~ air-water system have 
been encouraging with calculated values agreeing with experimental values within 
abouL 20 percent. Results with the higher viscos!ty glycerine-water system have 
not been as good most probably because the analytical expression used to caicuiate 
the circulation rate may not be valid for the range of liquid flows encountered 
in the experiments with the high viscosity f luid. 
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I I .  PROCESS RESEARCH 

,~. Accomo. l ishmen.ts. 

Gasification runs w.;:h coke from bituminous ,'.'a:l ~-,,~r.- ~,:~de at lO 
atmospheres total pressure and 16~¢0. 1700 end 1~:'.-';" "o c",:,.i:!~..m,-.n~, the 
earlier results on the effect, of steam pressure or: : ~.',,. i'~ =, 9a.;ifica.- 
tion runs w~_re made at 1690°F with the mos~ and l~-e-~; ,.',~'-ti,'e feedstocks. 
namely FMC char and anthraci.velto check the slopes c'" rh,.. p1~vlo,s.ly 
obtained Arrhenius plots. Six combustion runs ~vere h~a.6."~ three utilizi~g 
coke From bituminous coal and three with FMC char as F .... d. 

I .  Ef..f.ect of Steam Pressure on Rate of  .Gasif~c.;' ;';n of Bi~uminous 
Cok_._~e 

in the work presented some time ago on oh." ;'ff(CL of steam pres- 
sure on ~{IO gas i f ica t ion  rate~ only one run was cb'.~:;:,:-! ; t  10 atmospheres 
pressure. Obviously, considerable weight had to ha .,ivc'= co this run in 
,_,tder to define a curve for rate versus pressure, i:, c.'dcr Eo Firm up th ls 
curve, three new runs were rr~de at 10 atmospheres pre-s',,c and one at 3 
at,-~osoheres using coke derived From bituminous ccal. l h~ results of these 
ru~s are ~resented in Table I and in Figure I .  A: ,-.~, !~ -.-ean From th,s 
f i au re ,  these new data do conf i rm the re la t io rsh~ ] "  --:..~c ..... as o;' i~':~a!i-., 
~resente~. 

2. Feedstock Eva luat !on 

At the Contractors' Meeting in July at lq ' , . . ; , : :  q,'estion :vas raised 
es !~ t.he v a l i d i t y  oF the slopes drawn for the A;-~t: ,.:, ~ plo~s of tile various 
Fcud's:ocks, s{nce t.he l i nes  were each drawn w l th  e;~iv L',.Jo data po in ts  ava. ; l -  
able. Therefore3 in order to Firm up these plots;  the most reactive and l~ast 
reac t i ve  Feedstocks (FHC char and anthraclte~resp,:ct.~.,-,,Iy) ivere tes ted at 
1690"F, the mid-polnt in the plot of rate versus r,.c .l;r,.-cal temperature. Runs 
H-45 and 46 resulted in the two points shown in Figu, p 2 at 1690°F and .indi- 
cate excellen~ agreement with the slopes o r i g i n a l l y  :r.;.m. Thls completes 
the experimental work on gasification at this tim(,. 
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TABLE ' 

C,',:-~;~C;I'IDN ~ I .~?E  I~ ~:O I" SOD!UM CAP:~G~.!T~ (~ 

Ru~ No. H- 

Date - 196G 

Feed 

% C - F~xed 

% C - Total 

% Vol. Matter 

% Ash 
gms. Charged 

mesh size 

Gm.s. NazCO 3 

Gms. Ash 

Ash in Na2CO 3 

C in Melt - Inlt. 

Bed Hr. - inches 

Conditions 

Temp. - "F a v g .  
Pres. - psia 

Steam in ~:2 

Stm. Pres. - Dsia 

Sup. C.a~ Vel. - ft/sec 

Run Time - m:n. 

CC H2O ~n/hr 

ce N2 in/mln 

Results - basis feed 

C in Devol. cas 

C :n ?rod. qas 

% C tc : a t  - loss 

Tor~] ~ C 

GasLf =ate C.~:s~ant - br -I 

k n - ~u" ~ C  
~a~c - a t  4~ C in he 'd  

ibs C/~r/CF melt 

Salt Carryover - v-'ms 

~3 44 45 

8/2 8/3 8/5 

Bit. Coke V I  Anthzacite 

93.2 80.8 

0.6 5.9 

6.2 ii., 

18.5 21.:L 

i2/20 12/20 

414 [2) 405.~ 

0 0 8.3 

0 0.27 2 
4 4 4 

4 4 4 

1640 1644 1690 

14-~. 7 45. ~ 44. ? 

89.9 89.6 90.7 

133.7 4G. 7 40. 

0.46 0.48 l. OG 

45 65 35 
1860 570 1197 

~412 !368 2550 

1.8 2.8 2.9 

101.6 99.6 9 4 . F  

103.6 !0i .4  97.5 

I.$2 0.75 i.~= 

0.97 0.73 1.5 ~ 

i! .4 8.6 17 7 

3.4 8.4 ii.~ 

~1) Used 2-:nch !.D. Xnconol rear-. ,r. Bi=. Coke VIm ? at 9b?'--. 

(2, ~ Reused melt from previous run. 

": 47 48 

_-~4J ~, c'he; B:~. Coke vz 

?A.4 

7~ $ 9 3 . 2  

3 . 5  0.6 

7~.i 6.2 

~;. ~7 18.5 

: ~/.'$ 12/20 

i G S .  7 414 

~."- 9 
2 0 

4 4 

i.~i 16~. 1815 
44 7 149.9 149.7 

9i.7 90.1 90.4 

~2.0 i35.1 135.3 

C. 99 ?.47 0.50 

?O 29  25 
., Le?  IS50 1851 

" ": 2 4215 4085 

-~.I ~.g 4._ ~ 

z.-. a ~.0C. 2 97.5 

" ~ ~ 1 0 3 . 1  1 0 1 . 7  

-,:'9 1.83 3.2" ;  
~'.~9 ].76 3 . 2 -  ~ 

:~..i 2 0 . 8  3 7 . 9  
2.% 4.7 3.2 
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3. Cccnbuscion Studies 

The 
of  the recent 
on combustion 

following condit ions~ which are based upon ~nose used in most 
g a s i f i c a t i o n  studies,  were Fixed for  the pre l iminary  studies 
under pressure: 

(a) 3 atmospheres absolute pressure 
(b) 1 f t . / s e c ,  super f i c ia l  gas v e l o c i t y  
(c) ~ inch quiescent bed height 
(d) 2% ash in melt~ ash derived From feedstock employed 
(e) 4% carbon i n i t i a l i y ~  based on f ixed carbon in Feedstock 
(F) 5 minute d e v o l a t i l i z a t i o n  period in N 2 before a i r  introduced 

I t  is the in tent  o f  t h i s  study to generate combustion data at two or more 
temperature levels on the same Feedstocks that were used in g a s i f i c a t i o n .  
The summary of  the runs on bituminous coke and FHC char are presented in 
Table I ! ,  

Although f i r s t  order k ine t ics  are not s t r i c t l y  obeyed beyond 50% 
carbon consumption= such a k ine t i c  model has been used as a s a t i s f a c t o r y  
means For comparison and to permit the combustion resul ts  to be compared 
wi th  those for  gas i f i ca t i on .  

Combustion of  bituminous coke under ~ atmospheres of  a i r  pressure 
proceeds reasonably well espec ia l l y  above 18/40 F where the rate exceeds 20 
pounds of carbon burned per hour per cubic foot  of  melt at 4% carbon in the 
melt .  A 45°F increase in temperature of  the molten sa l t  was observed due to 
the combustion of  the coke at an i n i t i a l  temperature of 1940~F. 

The very react ive  FMC char made From an I l l i n o i s  coal burned so 
Fast that  during the f i r s t  few minutes of  the run a l l  the oxygen fed was 
consumed ind ica t ing  a combustion rate somewhat in excess of 70 i bs . / h r . /CF .  
This occurred at i n i t i a l  bed temperatures of  1640 and 1740"F in which runs 
almost 9 ~ o f  the carbon was consumed w i t h i n  5 minutes. 

The high r e a c t i v i t y  oF FMC char suggested that i t  should be charged 
to the molten sa l t  at 1640=F and i t s  r e a c t i v i t y  wi th Na2CO 3 be ascerta ined.  
This was done in run H-79 where oniy n i t rogen at  O,! £ t . /sec.  was passed 
through the un i t .  About t6%of  the carbon charged showed up in the proffuct 
gas in the f i r s t  f i ve  minutes. The rate then slowed and in JO minutes~ when 
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the run was terminated~ o n l y  3 ~  oF the carbon h~d reac ted .  Thus the o v e r a l |  
r a te  was on ly  3 l b s . / h r . / C F .  The very  h igh carbon nx~noxide content  in the 
p roduc t  gas i n d i c a t e s  the  Fo l low ing  reac t i ons  take  p lace :  

C + Na2CO 3 = 2 CO + Na20 

CO + Ox id i zed  I n c o n e | =  CO 2 + Incone i  

A l though  a r eac t i on  can be w r i t t e n ~  

C + 2Na2C03 = 2 C0 + C02 , 2Na20 

t he  h lgh  CO/C0 2 r a t i o s  observed in the product  g ~ e s  (2 .6  to 5) suggest t ha t  
t h i s  l a t t e r  r e a c t i o n  is a r a t h e r  un) i k e l y  one. 

B. P r o i e c t i o n s  

Work w i l |  con t i nue  on combust ion to e s t a b l i s h  the  e f f e c t  o f  the v a r i a b l e s .  
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TABLE II 

SLq~2~A.R~ " OF COMBUSTION RUNS IN MOLTEN SODIUM CARBO~ATE [i~ 

Run No. ~- 
Da'~e- 1966 

Feed 
% Fixed Cerbon 
% Total carbon 
% Vcl, Matter 
% Ash 
g~s. charge 
• -~sh size 
% C in melt - init. 

Na2CO 3 - gnu. 
Ash - gins. 

% Ash in bed 
Bed Height - inches 

Condlt ions 
Temp. °F - inltial 1740 
Temp. - °F ave.. 1743 
Temp. - ~F max. 1754 
Pressure - ps[a 44.7 
5up. Gas Vel. - ft/sec 0.87 
Run Time - mln. 50 
Air Rate - i/rain. 23.1 

Results - Prod. Gas 

% CO 2 - 5 rain. 4.0 
- 35 min. 2.4 
- end [4) 1.3 

% 02 5 mln. 18.0 
- 35 m~n. iS.5 
- end 20.9 

% CO - 5 min 0.I 

Combustlon Rate constant(5) 0.99 
Total % C Consumed {4) 102 
Rate - ibs C/hr/CF 11.7 

49 50 76 77 
8/16 8/17 8/18 8/30 

e--- B i t. coke vz ----> < 

93.2 
0.6 
6.2 

18.5 
12/20 

4 
4 0 5 . 7  (2 )  ('2) + 25 4 0 5 . 7  

8.3 - - 8.3 
2 2 2 2 
4 4 4 4 

78 
8/3! 

FMC Cha~ 
76.4 
76.8 

3.5 
20.1 
2 ~ .. 57 

12/20 
4 
(2) 

2 
4 

1840 1940 1740 1640 
1841 1974 1870 1762 
1863 1985 1940 1847 

45.3 45.2 45.0 44.5 
0.88 0.90 0.87 0.79 

30 15 5+ 5+ 
22.3 21.7 22.9 22.8" 

7.0 11.5 18.0 

1.4 3.6 0.4 {15) 
15.0 II .5 2.0 

18.5 19.0 20.5 
0.I 0 0.9 

1.82 5.43 >6 
102 101 88 (5) 
21.5 . 40.5 >70 

18.0 

z.5 [10) 
2.3 

18.0 

1.0 

>6 
89(s) 

>70 

7~ 
8/31 

> 

(2) 

2 
4 

[3) 
1640 
1643 

44.3 
0.i 

3O 

2.5 - N 2 

7.5 

0.6 
0 

0 
2 0 . 0  

. 0 . 2 6  
38  

3 . 1  

(i) U~ed 2-inch I.D. Incon~l reactor. Bitum. coke VI made at 950"C. 

(2) Reused melt from previous run. 

[3) No alr, or,:f 0.1 ft/sec N2. 

{4) Minutes in parenthesis. 

~5) Same kznetic basis as gasification runs. 
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I I I .  CHEMICAL ENGINEERING STUDIES AND DEVELOPMENT 

A. Accomp|ishments 

I. L i q n i t e  Flowsheet 

Ca lcu}a t ions  have cont inued for the p repara t ion  of a f lowsheet  For a 
p lant  capable o f  producing 250,000~000 SCFD o f  p i pe l i ne  gas From l i g n i t e .  
The general p rocess in  9 sequence chosen is e s s e n t i a l l y  the same as tha t  
used For the b i tuminous ,  subbitum~nous and a n t h r a c i t e  cases and t h e r e f o r e  
w i l l  not be repeated here. Pre l im inary  c a l c u l a t i o n s  have ind ica ted  tha t  
the cost o f  p i p e l i n e  gas w i | l  be qu i te  a b i t  h igher  than that  f o r  the 
bi tuminous case. F ixed investment is es t imated to be approx imate ly  
$190jOOOtO00 and gas s e l l i n  9 p r ice  w i t h  l i g n i t e  at $1.50 oar ton is about 
63¢/MSCF. However, when these numbers were obta ined i t  became ev iden t  
that the increased ash quan t i t y  handled in the l i g n i t e  case was adding 
s i g n i f i c a n t l y  to  the  cost and that  the process ing scheme probably  shou ld  
be modi f ied to compensate for  ; t .  As was po in ted  out in the a n t h r a c i t e  
study~ one way o f  reducing the problems assoc ia ted  wi th  h igh-ash coa ls  
( increased g a s i f i e r  heat load to decompose NaHCO3j increased g a s i f i e r  and 
cornbustor s izes ,  increased CO 2 removal, e t c . )  wo~id be to decompose the 
recyc le  NaHCO 3 before  Feed i~  i t  to the g a s i f i e r s .  This a l t e r n a t i v e  is  being 
inves t iga ted  and p r e l i m i n a r y  i nd i ca t i ons  are tha t  the investments For g a s l -  
f i ca t ion~  gas p u r i f i c a t i o n  (C02 removal) j  and o f f s i t e  f a c i l i t i e s  (power 
generat ion From waste heat) w i l l  be s u b s t a n t i a l l y  reduced wh i le  the cos t  o f  
ash removal w i l l  be increased by the a d d i t i o n  o f  the NaHCO 3 decomposi t ion step. 
Overa l l ,  i t  is  a n t i c i p a t e d  that both the investment and gas s e l l i n g  p r i c e  w i l l  
be reduced by t h i s  scheme. 

2. Hydrogen F I.owsheet 

Flowsheet c a l c u l a t l o n s  cont inued For the hydrogen-from-coal p l a n t .  
Equipment s i z i n g  has been complete~ for  most o f  the major |tams except For 
the heat exchangers. These exchangers w i l l  be s ized as soon as the o v e r a l l  
p lant  energy requi rements are ca l cu la ted .  
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B. Pro jec t  ions 

1. ,Pipel.lne Gas, 

The f lowsheet and econc~nics For producing p i p e l i n e  gas from l i g n i t e  
w i l  1 be completed. 

2. H ydr, oqen 

Work w i | l  cont inue on the preparat ion oF the "process package" fo r  
the hydrcgen-from-ccal p lan t ,  
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IV. MECHANICAL DEVELOPHENT 

A. Accomplishments 

1. Env i ronmenta i_Test inq o f  Hiqh Temperature Ha te r i a l s  

The new ~amples fo r  Corrosion Test #10 have been prepared and the tes t  
appara:us is  complete ly  ready. There has been a delay in r e c e i v i n g  the pre-  
mixed gas c y l i n d e r s ,  but these should be received very sho r t l y~  w i t h  t e s t i n g  
beg inn in  9 immediately t he rea f t e r .  

2. Mechanical  Cha rac te r i s t i c s  Tes t inq  

The 5 - 3 / 4 "  reactor  tes t  f a c i l i t y  is complete in major d e t a i l ,  w i th  the 
furnace ready fo r  i n i t i a l  d ry ing .  A l l  w i r i n g  is in and complete and a l l  
i n s t r u m e n t a t i o n  is f i n i shed .  

In choos ing a mater ia l  to  s imu la te  the Na2CO 3 mel t ,  a que3t ic~  has been 
ra ised as to  the ac tua l  mel~ v i s c o s i t y .  This in ~he ~ s t  has been measured 
by a 8 r o o k f i e l d  V iscos imeter j  and was found to be approxi . 'nately 1OO-120 cp 
at 1840"F and ~ ash. However v i sua l  observa t ion  ef  the mel t  i nd ica ted  the 
v i s c o s i t y  might  be lower, perhaps more l i k e  that  of  water .  

In o rde r  to i nves t i ga te  the v i s c o s i t y  problem fu r ther~  the device in 
F igure 3 was cons t ruc ted .  This device was f i l l e d  to a depth o f  8 -1 /2 "  w i th  
a l i q u i d  o f  known v i s c o s i t y j  then the t ime required for  the l i q u i d  to f low 
through the  o u t l e t  tube was measured. This test  was repeated fo r  several  
l i q u i d s  i n c l u d i n g  molten Na2C03 + 12% ash; the resu l t s  being g iven in F igure 4. 
From these r e s u l t s  i t  would appear t h a t  under cond i t i ons  o f  tu rbu lence  the 
v i s c o s i t y  o f  the  molten. Na2CO3-ash m lx tu re  might be c l ose r  to tha t  o f  water 
than p r e v i o u s l y  be l ieved.  C e r t a i n l y  Fur ther  i n v e s t i g a t i o n  o f  t h i s  po in t  is 
warranted.  
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3. Melt Circulation 

An ' ~ i r  l i f t "  type flow system is being studied as a possible means 
o f  melt c i r c u l a t i o n  in the react ion system. Studies to date have concen- 
t ra ted on e s t a b l i s h i n  9 design parameters and development of  ana l y t i ca l  
tools for designing the flow system. Both air-water and air-glycerine- 
water systems have been explored. 

Encouraging resu l ts  have been obtained for  the a i r -wa te r  system in 
that  pump rates have been predicted to w i t h i n  +16 to -25 per cent over a 
wide range of  a i r  rates and submergence fo r  a I - 3 / 8 "  i .D. tube 9 feet  long. 

Figure 5 shows the test  set up used to de temine  experimental f low 
rates. Flow rates were predicted using the Mar t i ne l l i - Lockha r t  pressure 
drop co r re la t i on  for  two-phase~ two-component Flow in pipes. The expression 
i s :  

Dr iv ing  Head = F r i c t i o n  Loss + Ve loc i t y  Loss (Gas & L iquid)  

h s ~'~7~'~ .L pgVg2 
_ (h s + hd ) = ~ph + 

RI PI R] Plgl2g 
+ VI 2 

Rl2g 

Entrance losses are assumed neg l i g i b l e .  

- - ~ t  = Pressure Drop Per Unit_Lenoth 
ph Two Phase Flow (LBS/FTZ-FT~ 

g = Grav i ta t iona l  Constant (32.2 FT/SEC 2) 

h s = Submergence o f  A i r  L i f t  Tube (FT) 

h d = L i f t  Height (FT) 

L = Length o f  A i r  L i f t  Tube (hs+ h d) (FT) 

R 1 

Pg 

Pl 

= L iquid volume Frac t ion  In Tube 

= Density o f  Gas (LBS/FT3) 

© Density of  L iqu id  (LBS/FT3) 
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Vg 

V l 

= Superficial Air Velocity (Exit Conditions) (FT/SEC) 

= Superficial Liquid Velocity (Exit Conditions) (FT/SEC) 

Figure 6 shows the comparison of  experlmental and predicted resu l ts .  

Less encouraging results were obtained for a lO0 centipoise glycerine- 
water mixture in that predicted rates of  f low were considerably below exper i -  
mental data. A pre l iminary  review indicates that the Mar t ine i i i -Lockhar t  
co r re l a t i on  may not accur~te iy  pred ic t  the l iqu id  volume f rac t i on  (R]) and 
perhaps pressure drop~ for laminar l i qu id  Flow wn;ch character ized the i00 
cent ipo ise glycer ine-water  system. 

The s ign i f icance of t h i s  apparent Fai lure for  laminar f l ay  is being 
invest i~ated in l i gh t  o f  the out f low test which ind icates the f lowing melt 
v i s c o s i t y  may be close to that of ~vater. 

B. Proiections ' 

1. EnvironmentaLTestin q of Hiqh Temperature Materials 

Corrosion Test #lO w i l l  begin as soon as the pre-mixed gases arr ive. 

2. Mechanical Characteristics Testlnq 

The 5-3/4" reactor furnace w i l l  be dried out immediately~ then bed 
expansion studies w i l l  begin using beds deeper than previously possible. 

Work w i l l  a;so continue in an ef for t  to better understand the melt 
v iscos i ty  at elevaced temperatures. 

3. Melt Circul,at, ion 

Work w i l l  continue on the prediction of melt c i rcu la t ion  with an a i r -  
l i f t  type system. An attempt w i l l  be made to es tab l ish  the l i m i t  of a p p l i -  
c a b i l i t y  of the Ha r t l ne l l i - Lockha r t  co r re la t i on  and extend resu l ts  to a 
design procedure for melt c i r c u l c t l o n .  



TH~ ~.W. KELtOGG COMPANY 
A DIVISION OF PULLMR,~ INCORPORATL c'D 

R~rS'rARCH Q: D I E V I I L O ~ E N T  DEPA.~.'rMI[N 1~ 

PAgE ~0. 

REPORT gO~_ 

14 

2~ 

I" 
I 

"24" ,i 

1 2 1  ¸ 

J. 

i 

J 
I 

L 

I .._____ 2%" 

l 

"1 
i 

Sch 5S PIPE 

.,--~%- G.Dx0.035 ~iALL 

FIGURE 3 
ME~T. 0UTrLOW VESseL 



~ +__ 4 5.__ 

: ' .2 
~ - 7 _  ~ - - T - -  

| , . i  + - +  

~ ' ~ °  -.'-2,:- 
| . ; : .  

!T.F. ~ ::--:!-5 

• ; [  , .  ~ i  i I 

I : : ' / " ' ;  i , I ,  ' 
t ~ '  .... - ~  ++! 

Iilil!ii~ iliii~ 
I:;!/'~;, l i l t+' 
I:iil!;i+ I l l i l i  

t;~ ~ :  : ".'?+; rl;+l+ .I;I., 
I:!+ i :s/ ; ; l ' ; :  

c z , , , ( , o l [ ] ~  
:h'.ll!~il II:!IiH~ 

' ' : : . ; + ~ i  :i • "' ' i '  , I t ;  .--+J++, i~!il,,., 
iilflliill i [ i i l ! ~ l !  

:~:r:.ili!ii]il!i h::b~il i.i l! t.l..: 
il;;ItiltJ!i[if !/, 
Aoh OUTFLOW' 

t , .d  . , I t  ~,' ,! I~,111t! 
l i : . . !  , I 

~, :;+ I!,II d+ 
I T I !  ' ! '  l l l ; l  i I '  

!,,, Ltt~j ',, 

L'-~- i .  
::i ! 

. . . .  !~; 
! ;  . 
::!. ' : :  

,T'+; - 17 IT- 
. ' .  i ' . 

: . , - : ) i  .i:  

-- T- 7.. , -  

j i i i J 

. . . . . . .  ! . . . .  

-14-! ~+!- :: i !  
i ! :  ! ; : " ' ! ' : ; T  , . ; '  + .  " : : :  : . :  . 

30w Oi '' 

+ ; +  -+4+.+ + : : : " : :  +: :+:+ '+++: 14++-:J+:;i :?i~ +!i . . . . .  + : : : ' i + i +  . ]  

. , . . . .  ; .  , ; , : : ~  : . ;  ::: - : : :+  . : :  ":" :-.,, 

: ' ! : ' ;  : : : : . :  J - i  I i l l -  ; l i : : : : l : ! . : l ~ : : '  ~!t t : : !  
.............. I-' I li''~ ~':,I-'" ...... .~.~...L "" 

~ .'7 - ,-TT-~.-:-, ~+':~-7., ,'-~--TL-~;.,::..-~. ~ . ,  : : ::T 

iu..: ':I , '!II :' '~"-I ~ ..... ~"" ' i'' "~+ 
I_ , .... .I-~ _I .,I . . . . . . . . . . . . . . . . .  :. . ,  .:. , , '  , I , l ! .  , , ' I ' ~ ,  ' , ~ ,  , . 
" "  i '" ' G l y c e r i n e - ~ -  !1 0 ) ]  : ~ u  ; ;  : "' i l '  

I ' i . . . . . . . . .  i + ,  I 

• j _  I , P I i  ~ ! ' I ' ~  : ' ' 

flow oxl ; =.-- - ; -I .  ;"~.+ ~ ' + ' ; I - -  ++ - -  +::+ ..'; 
• . T ' ~ - " + .  - .  " - - . - - r -~ - . - - .~  " ' : :  : ~  ~: . - --- ~; 

;~_l!il:;;:+;.'+;'!ili;iJ~+.i++~!., + i + t t + +  i i~i];"i i";+; ' l  ]l : "+ ++++ " 
" : : ' l ; - - J  ' +'++ + ' + + ; : ]  + +++: .++ .++:  i + : +  

~ : . : ' + ' ; : :  ' ' ~ .~+1  ' l : , ~ l t ;  . . : . : : '  ,-' : ~ ' ;  :--:" .+ 

..... l ill 'l !I +-+'+ 
. , ' . ,  . . . . . . . .  , • , [ , 1  , , '  . . . . . .  

, : .  , .  . . . . . . . . . .  I . ' I  . , I t  . . . . .  I . . . . . .  , . - ;  , . .  ..~ . . . . . . . .  J . . . .  J+_ L.:_ .._.. +_ . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  :! .... | ..... 

i ! l  .'. L I . ] . .  - I  i . [ ]  ~ ! .  ! I~ : I  :J~ LJJL ! :L ;  L E  

+++l+++++t:l-:;l ; { i  : FI(+',.L','.," '+, +.F ~ : ~ + :  F+; :Ti: :;" - . ; ' i"  ( ' 7  
+ + " | : + ' : 1 + ; +  : ': COMPARISON OF OUTFLC'+ 

It/l  :l , , , ,  ; ? ~  "i ; ' "  i r + + , i .  . .~ . 
r . . , , , i i . , : .  : , . . . .  , .  • ~'+' I , ,  ++;+ , ,  . , . . +  , , + .  

' T I M E  = 3 . 2  S e c . l  ! i , l ,  , I+ '+I+"I  ~;+I d ,  +. ' ,  

,+++i:+i ,i 1 ,1 ,  + l+.+1+i t+ i i+i . , , , . '  i l  
. .  / : . .. . , I I . .  , , . :  +. I , ,  
• ,.,., ,. LE.+[ -- t I ] ' J 111 ' J. ' + tl' ~ + ~ ~ "  :+ " [ i " J ~ 

-~o0 

VISCOSITY, (CPS.) 

~ 9 

p 

4 

3 

2 

) 0 0  

o 

I 

0 . . ,  
E-,. + 
_ ; m  

m 

z c  

.+ 0 

+ 
P, 

.m 

,T, 



THE ~.W. KELLOGG CO.~tPANY 
A OlVle, lON OF PULLMAN INCORP~RATE:O 

~ | I IEARCH ~ O[VE~OP~4KNT DKleARTMKNT 

i6  PAGE I, iO. ~ .--..--.--- 

25 
REPORT NO. 

*Outlet Baffels 

*Separator "~ L 

*Air.D~scLif~. 7._~e __._%~!l.S/8 ZD ~ ~ /l 
"" harge Tube, //./~______$ hd 

Recycle & Makeup 

-~// i i 
Collector //X ! i 

(Timed Weigh~) ~/ ~ i I 

P 

, - j -  - 

Drain 

I 

Discharge 
Drum | 

! 

I 

*Level Control Vessel 

Air inle~~ 

.a 

- -  hs 

/i 

:~- | 

_L 
'|" 

*Acrylic Plastic 
Construction 

I 

I 
I 
! 
| 

I 

I I 
t 
I 
I 
I 
I I 
! 
! 

I H 

i:9-0 

Figure 5 

Air Lift Flow Test 
Apparatus 



x 

w 

1 
r 

m 
Z 

' t  
iP 

I 
"4 

O - . , !  

~r~ 

~1 ° 

z ~ r -  
) 0  
z ~  

- t  

f 

/ ~  Jt 
~ , ! ~ h .  ~' . ~*'J~ ° '~ '~" L~h~'~'Q.~ "~';* ~ "1~,"'~l'~**'m~*'~'~l~'~¸'" "$ ' '~ '~d*  " o ~ k  "~ " ¸  " ~,  ~ l ~ , . ~  



THE M..W. KELLOGG COMPANY 
A D~VISION OF P U L L M A N  INCO~'POR'ATF£'m 

~ [ A R C H  ~ ~ V ~ L G P M E N T  D E P A R T M E N T  

PAGE NO. 18 

REPORT HO,, 25 

V. MANPOWER AND COST ESTIMATES 

Figure 7 shcws the projected breakdown for Phase I for 1966 
as w e l l  as the ac tua l  e f f o r t  t ha t  was made. i t  can be seen t ha t  
a 12.3 m a n - e f f o r t  was made dur ing  August. 

Figure 8 shows the expenditures during August. For the month 
$21~209 was ~xpended 2 not inc]uding fee and G&A. The total  expenditures 
through August were $488~072. Including fee and G&A the total  expendi- 
tures were $557j979. Thls is 5}% of the ~ncumbered funds. 
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