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The H-Coal process ,  developed" by Hydrocarbon i e s ~ s r c h ,  Incorpora ted ,  
(HRI) involves  the d i r e c t  hyd~ol4-q'uefactian .of coa l  to  l o ~ - s u l f u r  b o i l e r  
f u e l  or  s y n t h e t i c  crude oil ; '  The 200-600 ton-per -day  B-Coal p i l o t  
p l an t  i s  being operated next  to  the Ashland Oi l ,  Incorpora ted ,  r e f ine ry . ,  
a t  Ca t l e t tbburg ,  Kentucky,.. uuder DOE con t r ac t  to  Ashland Synthet ic  
Fuels, Incorporated. The H-Coal ebullated bed reactor contains a t  
least four discrete compgnents: gas, liquid, catalyst, and unconverted 
coal and ash. Because df the complexity created by these four components, 
it is desirable to understand the fluid results of prior cold flow model 
experiments (i) to the :operatlng H-Coal PDU reactor in Trenton, New Jersey. 
Studies are also planr md to examine the coalescence behavior of gas bubbles 
in three-phase ebullv~ted beds. "" .. 

/ 

The work to be perf~'rmed I s  divlded in to  four  p a r t s :  (I)  f l u id  dynamics 
measurements on the PDU reactor, (2) gas bubble coalescence studies at 
Northwestern Unlversity, (3) told flow and mixing tests at Amoco's 
Naperv i l l e  Resear,'-h Center ,  (4) and'model implementat ion.  The o b j e c t i v e  
of this quarterly progress report is to ou~line progress in the first 
th ree  a reas .  ,~ 

f,  / 
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Task I: H-Coal Reactor Fluid Dynamics ~. 

Carried out the cold-flow pilot plant Run 224 which used the Amocat'IA 
catalyst. The catalysts were fluidized by nitrogen and a slurry con- 
sisting of 25 wt% coal char fines in kerosene. Analysis of Run 224 data 
was started and preliminary results reported. 

Task 2: Northwestern University/Gas Bubble Dynamics 

Completed the construction of a remote-controlled traversing camera 
mount for the video camera and electronic devices necessary to improve 
the quality of the video image and to facilitate computer data acquisition. 
A holographic data analysis computer program was developed for calculating 
the Sauter mean bubble diameter. 

Task 3: Liquid Mixin9 study ........ 

Completed the experimental work for the liquid-phase mixing studies. The 
results have been used to develop a correlation between the liquid dis- 
persion coefficient and the process variables. Performed the lateral 
gamma-ray scanning experiments across the reactor in order to evaluate 
the radial uniformity of phase holdups. 

IN~RODUCT!0N 

The fluid dynamics of the H-Coal reactor have been previously studied in 
a cold flow unit. Reference 1 provides details of the construction of 
the unit and results of tests with a variety of gases, liquids, and 
catalyst sizes. ~ A semi-theoretical model was developed to predict the 
volume fractions occupied by the gas, liquid, and catalyst phases. The 
aims of this new contract are fourfold: 

l) The model developed using cold flow unit test results will be 
extended toapply to the operating H-Coal PDU reactor. 

2) Because gas bubble dynamics are crucial in determining the nature of 
of flow, studies of bubble flow will be performed at Northwestern 
University using optically clear beds. 

3) Liquid mixing tests will determine the residence time distribution 
of liquid in the reactor. Under the previous contract, it was 
determined that the coal char fines [simulating the unreacted.coal 
and ash) were uniformly distzibuted throughout the bed. Hence, the 
measurement of liquid data is essential for modeling the residence 
time and kinetic parameters associated with the unreacted coal. 

4) The model will be implemented into a readily usable format. 
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DREA COLLECE.ION 
• - . - 

H-Coal l~'actor Fluid Dynamics study 

Cold flow pilot plan~ fluidization experiments were performed this quarter 
in 6rder to study the fluidization characteristics of Amocat-iA catalyst 
using nitrogen and a coal char/kerosene slurry. 

Preparation of the Amocat IA catalyst for the H-Coal fluid dynamics study 
. CI 

was completed by soaking the fresh catalyst in kerosene for 15 days. The 
concentration of the coal char fines in kerosene was adjusted to 25 wt%. 
Thirty-eight fluidization tests were subsequently carried out. These tests 
consisted of bed expansion experiments run under various gas and slurry flow 
rates. The ~as and slurry flow rates ranged from 0.0 to 0.15 ft/sec and 
0.05 to 0.20 ft/sec, respectively..Bed expansions were measured using a 
travelling gamma-ray densitometer. Some gas and liquid velocities were 
selected to match those during the PDU-10 fluid dynamics experiments. 

Northwestern University/Gas Bubble Dynamics 

Construction of a remote-controlled traversing camera mount lot"the video 
camera Was completed. Further work was done to improve this setup, 
including fitting the camera mount with a "po's'ition-sensing device which 
will transfer the viewed position directly to the :computer, and adding 
electronic devices which will improve the quality of the video image. 

The helium-neon laser used to reconstruct the holograms needed a new 
plasma tube and.was sent to the:Spectra-Physicsfor repairs. Meanwhile, 
a Nd:YAG laser: was used to reconstruct several holograms which 'appeared to 
have distinct bubble images. 

A data pro~es'sing computer program was developed. This program ban 
measure the coordinates of several points on the edge of a bubblel By 
assuming the bubble is spherical and analyzing the data gathered on many 
bubbles, the program determines the Sauter mean bubble diameter for a 
given set of flow conditions. 

Details are presented in the Northwestern Universityis monthly progress 
reports. The December monthly progress r?port is attached as "Appendix'A. 

LSquid Mixin~ Tests '; 

The remainder of %he tests in the t~ird series and thelfourth series 
of llquid mlxlngexperiments were carried out during thisq~rter. The 
total of four serlesof liquid mixing runs comprlse the%omp~ete liquid 

\ . • , • °...°, 

mixing experimental plan. 
. . ,~.. 

Runs 490-14 through -16 in the third seri~s of tests=we~=d~signed, to 
investigate the'~variation of liquid disper~0nacros6 the"reactor.diameter. 
These tests were carried out under the nomihal H-Coalliquid velocity 
and zero gas flow conditions. " '<~ 



The fourth series of tests, consisting of Run 490-17.<through -20 and 
Run 490-23, was carried ou£ to investigate the effec£'of-gas flow rate on 
liquid dispersion at the center of the reactor. The nitrogen gas flow 
was varied from 0 to 4.57 cm/sec (0-0.15 ft/sec), while the slurry flow 
rate was controlled at 3.05 cm/sec (0.10 ft/sec). Slurry samples were 
continuously drawn from the reactor for 4.8 sec/sample. In most cases, 
25 samples were taken per tray. 

Run 490-21 was a repeat of Run 490-4 in which the high gas velocity used 
may have caused the channeling near the reactor wall in the':<dense phase 
region. Run 490-21 was carried out in order to re-evaldate the high gas 
velocity effect. Run 490-22 was performed in order to obtain'additional 
liquid dispersion data at a relatively higher liquid ~;eloci6y. 

.; 

Radial Uniformity of Phase Holdups 

The lateral gamma-ray scanning experiments across the 6" ID cold flow 
fluidizatioh column were carried out ion order to verify the previous 
assumption £hat• bubbles are evenly distributed radially. The Amoco 
H-Coal cold 'flow pilot plant was modified so that the gamma.-ray scanning 
could be performed at various radial positions. This involved remounting 
the gamma-ray source and the detector to a traversing support structure 
and realigning the gamma-ray instrument. 

The lateral gamma-ray scan experiments were carried out using a 25 wt% 
coal char fines in kerosene slurry system. The nitrogen gas flow rates 
selected for these experiments were 0.08 and 0.10 ft/sec, while 0.10 
and 0.125 ft/sec were selected for:slurry flow rates. During each test, 
catalyst bed height data were also taken. 

T -'" 

Lateral gamma-ray scans were conducted at 30, 50, 70, 90, and 110" reactor 
elevations. At each elevation, gamma-ray scanning data were taken manually 
at seven radial positions across the reactor column. A gamma-ray scan of 
the ~eactor filled with kerosene only was also carried ou~ at zero gas and 
liquid flow. These data are necessary in order to calculate the various 
phase holdups. 

DATA ANALYSIS 

H-Coal Reactor FluidDynamics Study 

Table I s~mmarizes the physical properties (density and ~-ray mass absorp- 
tion coefficient) of the liquid, fines, and catalyst phases for several 
cold-flow pilot plant runs with varying coal char fine concentrations. 
Properties of the AMOCAT-IA catalysts used in the HRI PDU 10(2) and in 
the cold flow pilot plant Run 224 are compared. 

Catalyst bed expansions versus liquid and gas velocities are tabulated in 
Table II and plotted in Figure i. At relatively high gas to liquid velo- 
city ratio@, the dense-dilute phase interfaces are not distinct, making 
bed expansion determination difficult. Examples of sharp interface and 
diffuse interfaces are illustrated in Figure 2 and 3, respectively. At 
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,the'.liquid velocities lower than 0.094 ft/sec, some evidence of!bed 
~cohtr~ctionsas gas flow rate increasesqs seen. 

Dense-phase .holdups and the Darton-Harrison";drift flux (VCD) are tabulated 
in.Table fiX.for various gas and liquid velocities. The drift flux is 
plottedas a~'function of gas holdupin Figure 4. The solid line represents 
~he i~eal bubbly region,~;hile the dashed line,kepresents bed behavior in 
~.transition region between'the'ideal'bubbly and churn turbulent[states. 
Aitho~gh the'~data'are'somewhat scattered, note the stab$1izing'effect of 
increasing liquid velocity.upon bed behavior. ,. 

;. 

Liquid Mixing'Tes~ ' .  ': 

~:': - -  i • ~ • ~ , 

Exp6rim~ntal~concentration-time distribution ~ata are presented in 
Fig~re6~5 through 14. 'Logarithmicprobability~.plo£s showing cumulative 
areas under.each C-curve versus sampling times are present%d in Figures 15 

. - ~/ . • 

\.through 24. ,The mean '(first moment) and the standard;devzatlon (second 
moment) of a normal distribution curve which plots.a~ a straight line on- 
probability.paper are found at the fiftieth and eighty-fourth percentile 
.points. Liquid mixing parameters (Peclet number and dispersion 
coefficient) are calculated from the values of th~se moments according 
t~'a plug flow axial dispersion.model. Results are presented in Table IV. 

The'@ffect of various experimental techniques (liquid tracer quantity and,,' 
injection mode) and data processing scheme (tracer I~D base line concen-,,"" 
tration and method of moment analysis) on calculating trace~ material :.. 
balance'and Pec~et number has been s£udied. The results o~.this study 
show that. Peclet number is very sensitive to the selection;'of~.tracer base 
line concentration. The degree of axia%mixin 9 is estzn!ated, from the 
relative chinge of variance of the two R~D curves. Therefore~' the Peclet 

• . • - .: . • Io - . • 

number is extremely sensztxve to the measured second:momentwhzchls 
affected by the base line selection. Other.,variabl~s such 'is 'the'means 
of IED are not ne&rly as sensitive to base line concentraiion selection.: ''~ 

Liquid mixing data were analyzed by a linear least squares curye-fitting 
program. This data analysis was performed to cbrrelate dispersion.~" 
coefficient and Peclet number with operating conditions and to assess 
whether ,the dispersion has any radial pesition dependency. Pr4iiminary 
results, indicatethat P&clet number correlates well with gas/velocity 
but showed little dependency on radial position~. ~Data analysis/is 
continuing. :. ' :  • • 

PLANS FOR NE~ PERIOD 

- o nami s • Task 1 H-Coal Reactor "F y ,. ,. 

compare  PDU f l u i d  . . . . . . . . .  dynamics test results:.with"thos& 6b'ta#ned from 
Amoco cold flow rhn..224-- Appiy the Bhatia-Epstein iio.aei'~to."pr'~a.i'6% ~hase 
h61dups for the HRI PDU tests. 
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Task 2 - Northwestern University/Gas Bubble Dynamics 

Continue mechanical and optical development of the holographic instrument 
in order to improve its performance. Start reconstruction of the hologram ~ 
of bubbles. 

Task 3 - Liquid Mixing Tests 

Start the development of the liquid-phase?~i'~persion model. Analyze 
the lateral gamma-ray scan data in order to assess the radial uniformity 
of phase holdups in the reactor. 

Task 4 - Model Implementation 

The Bhatia-Epstein model will be implemented upon satisfactory completion 
of task 1 work. 

Ril 
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Physical Properties of Gas, Liquid and Solid Phases 
in Amoco Cold Flow Runs and the HRI PDU 10 : 

RUN 22__~1 22_~2 22__3 22__~4 

LI~ < ....... Kerosene . . . . . . .  ~ . . .  

p, #/ft 3 ~ 49.3 

M.A.C. ft~/# .0424 .0424 .0417 .0425 

FINES 

p, #/ft 3 ~-------- 90.6. - - "- > 

MAC, ft2/# .053 .0446 .0381 .0323 

FINES CONC. wt% 7.11 19.86 32.4 25.2 

CATALYST ~--- HDS-2A --> AMOCAT-IA 

Dry P Bulk (PB) 37.1 34.24 

Dry PPa|:ticle (Pp) 67.3 59.1 

~ 0B/OP 0.551 0.579 
co 

SOAKED Op 107.9 86.-89 

length, inches ~ - 0.247 ...... > 0~274" ±.061 

diameter 0.062 0.062 ±.002 

M.A.C.  ~ 2 / #  . 03484  .0360  . 0 3 5 ~  . 0 4 3 3  

p * ~ C  - -  3 . 8 8 4  - -  3~806 

HRI PDU i0" 

Coal/Oil 

Wyodak 

~0c~-iA 

44.6 

74 .i 

0.602 

97.1-106 

0.1307 

0.0551 

M.A.C. = Mass Absorption Coeffi=ient 

*HRI report "PDU RUN i0", DOE Contract DE-ACOS--77w,-10152 
Report FE-10152-67, September, 1981. 
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•ABLE IZ 

% BED EXPANSION FOR RUN 224 

(3/~5/B3) 

CATALYST 
gAS 
LIGUID 
COAL CHAR CONC: 
TEMPERATURE : 

AMO~AT i 
NITROGEN" 
KEROSENE 
15.~ VOL % 
b8. DE@ F 

( i  ,...~ i :  No. 

2,. ~ <'- l 
-- ~; 

- 3 

- 4 

• -- .~| 

- 6 

- 7 

- 6 

- 9 

-I0 

-12 
-.13 
-14 
-15 
-16 
-17 
-18 
-19 
-20 
-21 

-23 
-24 
-25 
-26 
-27 
-28 
-~9 
-30 
-32 
-33 
-34 
-35 
-35 
--37 
-38 

|_i~uid 
Flow Rat 

Ft/Sec 

0.049 
0.074 
0.079 
0.094 
0, Ii~ 
0.112 
0. 093 
O. 083 
0. 073 
O. 047 
0.048 
0 . 0 7 2  
0.083 
0 . 0 9 4  
0. Ii0 
0.045 
O. 074 
0 . 0 8 3  
0 . 0 9 3  
0.112 
0.113 
0.094 
0.083 
0 . 0 7 3  
0 . 0 4 6  
0.046 
0 . 0 7 3  
0.083 
0.141 
0.173 
0.093 
0.11~ 
0.140 
0.140 
0.140 
0.143 
0.140 

Qa~ Flow 
Rate 

FtlSec 

0,0 
0.0 
0.0 
0.0 
0.0 
O, O57 
O. 046 
O. 040 
O. 041 
O. 043 
O. 070 
0 069 
O. 068 
O. 067 
O. O67 
O. 090 
O. 090 
O. 090  
O. 09O 
O. 089 
O. 102 
O. 101 
O. i00 
O. 100 
0. 100 
O. 14B 
0. i51 
O. 152 
0.0 
0.0 
O. 150 
O. 152 
O. 151 
O. 096  
O. 08-'I 
O. 067 
O. 039 

Catalgst 
Bed 

Height 
(In.) 

52. 
63. 
&8. 
72. 
83. 
8(-,. 

77. 
71. 
63. 
48. 
55. 
6P-. 
bS. 
78. 
87. 
.50. 
64. 
67. 
77. 

,, 87. 
90. 
77. 
70. 

30. 
48. 
b6. 
a~, 

102. 
130, 
70. 
7b, 

100. 
112. 
1!2. 
110. 
107. 

% 
Bed 

Expansion 

16, 
40. 
D1. 
60. 
84. 
91. 
71. 
58. 
40. 

7. 
2~. 
38. 
51. 
73. 
93. 
11. 

4'9. 
'7 i .  
93. 

~00. 
71, 
5~. 
38. 
i 1 ,  

,7, 
-,-1-7, 
47, 

127, 
189. 
56. 
69. 

12- ~. 
149. 
149. 
144. 
138. 
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TABLE IZI 

RUN R24: DENSE PHASE :. 
( ~ / 2 5 ! 8 3 )  

F, Url No. 

2.-_.-4- I 
"" 2 

...*| 

"" 5 

"- 6 

- 7 
-- 

" 9 

-I0 
-Ii 
-12 
-13 
-14 
-IB 
-16 
-17 
-18 
-19 
-RO 
-21 
-22 
-23 
-24 
-25 
"-26 
-27 
-28 
-29 
-~0 
"-b2 
-33 
-34 
.-35 
-3& 
-37 
-38 

CATALYST '" : AMOCAT I 
gAS : NITROGEN 
L IQUID  : KEROSENE 
COAL, CHAR CONC: 15.4 VOL % 
TEMPERATURE : 68 ;  DEg F 

L iqu id  gas Flow 
Flou Rate, Rate, 

Ft lSec Ft/Sec 

0.049 
0.074 
0.079 
0 . 0 9 4  
0 . 1 1 2  
0 . . 1 1 2  
O. 093 
0 . ~ 8 3  
0 . 0 7 3  
O. 047  
O. 048 
0.072 
0.083 
o. o 9 4  
0.110 
0.045 
0.074 
0,083 
0.093 
0.112 
0 . 1 1 3  
0.094 
0.083 
0.073 
O. 04& 
0 . 0 4 6  
0 . 0 7 3  
0.083 
0.141 
0.173 
o; o93 
0 . 1 1 2  
0,140 
0.140 
0.140 
0.143 
O. 140 

ECB ELgB ' 

0.0 0.501 0.414 
0.0 0.414 0.511 
0.0 0.383 0.529 
0.0 0.3&~ 0.541 
0.0 0.314 0.580 
0 . 0 5 7  0 . 3 0 3  0 . 5 2 5  
0 . 0 4 6  0 . 3 3 8  0 . 5 0 6  
0 . 0 4 0  0 . 3 6 7  0 . 4 9 1  
0.041 0.414 0.450 
0.043 0.543 0.340 
0.070 0.474 0.418 
0.069 0.420 0.409 
0 . 0 6 8  0 . 3 8 3  0 . # 5 2  
0 . 0 6 7  0 . 3 3 4  0 . 4 9 4  
0.067 0,300 0.515 
0.090 0.521 0.350 
0 . 0 9 0  0 . 4 0 7 .  0 . 4 2 4  
0.090 0.389 0.439 
0 . 0 9 0  0 . 3 3 8  0:469 
0.089 0.300 0.493 

0 .102  0.290 0.495 
0.101 0 . 3 3 8  0.474 
0. I00 0.372 0.459 
0. I00 0 . 4 2 0  0.419 
0.100 0.521 0 . 3 4 4  
0.14B O. 543 0.321 
0.151 0 . 3 9 5  0.425 
0,152 0.395 0.419 
0 . 0  0.256 0 . 6 3 0  
0.0 0.500 0.675 
0.150 0.372 0,430' 
0.152 0.343 0.428 
0.151 0.261 0.485 
0.096 0 . 2 3 3  0 . 5 3 2  
0.084 0,233 0.547 
0.067 O. 237 0.560 
0,039 0.244 0.588 

E£gb EGB 

0.075 0.0 
0.093 0.0 
O. 096 O. 
O. 098 O. 
O. 105 O. 
O. 095 O. 
0.092 O. 
0.089 O. 
0 . 0 8 2  O. 
0 . 0 6 2  : O. 
0.076 O. 
0.074 O. 
0.082 O. 
0 . 0 9 0  O. 
0.093 O. 
0.064 O. 
0.077 O. 
0.080 O. 
0.085 O. 
0.089 O. 
0.090 O. 
O. 08G O. 
0 . 0 8 3  O. 

0.076 O. 
0 . 0 6 2  O. 
0 . 0 5 8  O. 
0.07"7 O. 
0.076 O; 
0 . 1 1 4  O. 
0.122 O. 
0 . 0 7 8  '0~ 
0 . 0 7 8  O. 
0.088 O. 
0.097 O. 
0.099 O: 
0.102 O. 
0. I07"" O~ 

.~ . • 

0 
0 
0 
076 
064 
053 
055 
056 
033 
097 
082 
092 
092 
065 
092 
092 
108 
118 
1Rb 
I01 
08& 
084 
072 
078 
103 
111 
0 
0 
119 
151 
167 
139 
121 
101 
062 

Vcd 
(Mm/Sec) 

O; 0 
0.0 
0.0 
0.0 
0.0 

12. 1 
1 0 . 4  

"" 9. 5 
9 . 8  

1 0 . 8  
1 9 . 8  
15.0 
I~.5 
15.1 
1 4 . 0  
2 3 . 5  
21. t 
'20.8 
1.9. 5 
1 7 . 9  
RO. 9 
22.9 
24. 3 
24. & 
2&. 0 

: 38. q" 
..-37. 3 
36. 1 

.. 0.0 
.0.'0 

- -34. 5 
90. 6 

""28.0 
. 17..0 
:." "15. 6 
• ..' 1 2 . 3 '  
:'-';--'- 7.. 5 

,'.~.. 
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(m~ZNmm 1982) ~oom~s ~ZP0~T 0~ ~oco D0E C0~AC~ "ON S-COAL MONTHLY 

DYNAMICS" 

Ho lograghie  Technique 

During the  past  month i t  was found t h a t  the  helium-neon l a s e r  

used to  r e c o n s t r u c t  t he  holograms needed to  be Zel~Ized° The i n t e n s i t y  

of  t he  laser light had decreased  below use fu l  l e v e l s ,  render ing  i t  

i n e f f e c t i v e  f o r  our purposes.  Upon consu l t a t ion  with t h e  manufacturer 

i t  was determine~ the  plasma tube needed to  be r e p l a c e d .  Although 

unexpected, this problem was bound to occur eventually since the plasma 

tube had a limited lifetime and was several years old. The laser has 

since been sent to Spectra-Physics for repairs which .ill cost approximately 

$~.500. Un t i l  i t s  r e t u r n ,  work :~ill cont inue in  t h e  l abora to ry  while 

sha r ing  a s imi la r  helium-neon l a s e r  belonging to  t h e  mechanical 

eng ineer ing  department. 

The l a r g e r  Nd:YAG l a s e r  used to  cor~ t ruc t  t h e  holograms was 

a l s o  inopera t ive  f o r  s e v e r a l  weeks. I t  too s u f f e r e d  from a dc~rease 

i n  output  energy t o  such a degree t h a t  holograms could not be formed. 

Fort~.%%ely, the problem was co r r ec t ed  ~ r e a i i 6 n i r ~  %he harmonic 

gene ra to r  c r y s t a l  ou r se lves ,  the reby  saving the  expense of  a repairman. 

Since then  severa l  holograms have been taken which appear to have good 

clarity and distinct babble images. 

The laboratory has been recently equiged ~£th darkroom supplies 

to facilitate the developing of holograms. This makes the developing 

process more convenient since earlle~ holograms were developed in a 

separate darPA-oom shared by others in the mechanical engineering 

department. No. the holograms can be developed at any time and more 

quick ly .  




