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1.0

2.0

INTRODUCTION

In October 1988, the Department of Energy (DOE), Pittsburgh Energy Technology Center
(PETC) awarded a contract to ICF Kaiser Engineers (ICF KE) entitled "Engineering
Development of Advanced Physical Fine Coal Cleaning Technologies - Froth Flotation".

The contract is o multiple task contract that includes conceptual design, laboratory
scale testing for reducing uncertainties discovered during the conceptual design,

building and operating a 2-3 TPH advanced flotation proof of concept (POC) module, and
~based on POC operating data comp]eting a final conceptua1 design at 20TPH feed rate.

The overall goal of Task § of the Eng1neer1ng Deve]opment Contract is to develop the
necessary unit operation design and process performance data to (1) reduce or eliminate
the technical and engineering uncertainties of the preliminary 20 TPH advanced

~flotation semiworks plant and (2) des1gn, build and ‘operate a 2-3 TPH advanced

f]otat1on POC module.

There are several alternative advanced f]otation techniques currently being developed
by others to commercial or near commercial size unit operations. These alternatives
differ primarily in the procedure and chemistry used to generate bubbles and/or treat
the coal surfaces during flotation, procedures for injecting fine bubbles into the -
flotation cell, and the physical design of the flotation cell. A round robin program.
using devices from most of the process developers working in the advanced flotation
area has been organized as part of this Task Two process developers who were
contacted declined to participate. ! '

The conceptually designed advanced flotation unit will be 1nit1a11y scaled-down to
operate at 100 pounds per hour. The unit will then be scaled up, using the process

developers’ guidance, and information obtained from Task 6, Component Development, to
operate at 20 tons per hour. From this design a proof of concept scale size will be

designed, constructed and operated at a feed rate of 2-3 tons per hour. After the

3est1ng of the POC size unit, a final 20 tons per hour feed rate machine will be
esigned.

During subtask 1.5.11, advanced flotation eva]uat1on on a semi- continuous basis, an
advanced flotation machine capable of processing 100 pounds per hour is required. This

~flotation machine will be utilized to verify operating conditions, quality performance,

and generating materia] for fi]tration, dewatering and clarification equipment testing.

The tests will use the mosb efficient, cost effective flotation cell avai]ab1e to
improve the possibility of attaining the maximum amount of BTU recovery and maximum
amount of pyritic sulfur rejection possible for a given coal at a given particle size
distribution. Therefore, the objective of this round robin testing is to select the
"best available" advanced flotation technology for installation into the semi-
continuous process at Babcock and Wilcox (B&W) Alliance Research Center.

TEST PROGRAM PROCEDURE

Approximately 120 pounds of fine coal slurry and 120 pounds of dry 1/4" x 0 coal were
prepared by Babcock & Wilcox at its Alliance Research Center (ARC) for use by each
participant in the Round Robin Testing of advanced flotation. Figure 2.1 is a
flowsheet outlining the major steps performed in preparing the dry coal sample and the
fine slurry. The methodology of gr1nding, sampling, inerting, and analyzing the
samples during preparation is described in detail below.

799/4311/044/905
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Coal Crushing and Feed Preparation

2.1.1

Coa] Crushing

Five Barre]s (approximate 1400 1bs) of Pittsburgh No. 8 coal were shipped
from Praxis Engineers, Inc. This coal was obtained from Belmont County,
Ohio and was supplied by R&F Coal Company. This channel sample of coal
was set aside from the DOE/PETC "Coal Surface Control for Advanced Fine
Coal Flotation" project. The coal was 4" x 0 and was stored in plastic
Tined drums, inerted with argon, and taped prior to shipment to the B&W
ARC.

Upon arrival, the coal was crushed to 1/4" x 0 using a Hammermill Crusher,

. Model #3296, from Holmes Bros, Inc. in Danville, I1linois. The size

analysis of the 1/4" x 0 fraction is shown in Table 2.1. ‘e crushing was

‘done very quickly and without inerting. The crushed coal was stored in

barrels purged with N, as it was produced. After all the coal was crushed,

the barrels of product coal were dumped on the floor and mixed together
before riffling. The sample was riffled down twice. The first time was
to produce a sample of approximateiy 40 1bs. The 40-1b sample was further
split into four 10-1b samples and used for coal ana]ys1s and flotation

~analysis to determine signs of oxidation.

2.1.2

-of coal volume, sealed with a thermal sealer, oub1ed

The 10 pound samples were stored in separate plastic bags and purged with
N, for approximately 4 times the volume of the coal. The plastic bags were

'sea]ed with a thermal sealer. The samples were then double bagged and

again purged with N, before the outer bags were sealed. Two of the 10-1b
samples were for A§TM coal analysis. The two nther 10-1b samples were
shipped to Professor D. W. Fuerstenau at the University of California at
Berkeley (UCB) for standard flotation tests to verify the coal did not
change. Professor Fuerstenau’s group at UCB is the lead of the "Coal
Surface Control for Advance Coal Flotation Project”. ‘

The remaining coal (approximately 1360 pounds) was remixed and riffled-
again to obtain 40 pound samples for the Round Robin Test participants.
Each sample was weighed, bagged, purged with N for apgroximate]y 4 times

agged, purged with
N, again, sea]ed and stored in a 5-galion p]astic bucket. Each bucket was
purged with N beore the 1id was tightened. Three 40 pound samples of
1/4" x 0 coaf (total of 120 pounds in 9 buckets) were shipped to each
participant. The remaining crushed coal (approximately 400 pounds) which
was used by B&W to prepare fine coal slurvry was stored in a barrel with a
plastic Tiner, purged with N,, sealed with tape, double bagged, purged with
N, $gain, taped and the barrel was purged w1th N, before the 1id was
aea ed

Pulverized Feed Preparation

Prior to preparation of slurry, the remaining crushed 1/4" x 0 coal was
further reduced in size by pulverizing with a hammermill, a Mikro-
Pulverizer, Model 1SH. The pulverized coal has a size distribution of
99.5% less than 300 microns (48 mesh) and 74% less than 75 micinns (200
mesh). The size analysis of the pulverized coal is shown in Table 2.2 and
Figure 2.2. The pulverized coal fraction was used as feed to a stirred
ball mill for fine coal slurry preparation.
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TABLE 2.1

Particle Size Distribution of 1/4" x 0 Fraction of Pittsburgh No. 8 Coal

DOE/PETC
ACG-90-4545-08
September 7, 1989

Sample No.
Description

"Sizing

799/4311/044,/9034

€-20409
Pittsburgh #8 Coal

Sieve No.

1/2 inch
1/4 inch
| #4
8
16
30
50
70
100
140
200
270
325
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Particle Size Distribution of. Pulverized Pittsburgh No. 8 Coal

"TABLE 2.2

Pittsburgh #8 Coal, Pulverized
‘For Attritor Round Robin

PBRF0001, 8-29-89

MICRONS

2400.00
1697.06
1200.00
848.53
600.00

424.26
300.00
212.13
150.00
106.07

O0O0OC QO N
()]
O

799/4311/044/9035

%LE

s DIFF

.00 0.29
1 0.21
.50 2.04
.46 5.83
.63 6.52
.11 11.17
94 13.51
43 11.85
58 10.89
.69 9.72
.97 6.81
.16 6.71
46 £.54
.92 3.15
.76 2.27
.49 1.36
13 0.93
20 0.44
77 0.35
.42 0.24
18 0.15
03 0.03
.00 0.00

CSICAL SURF AREA 1=0.40 M==2/CM==3
MMD(D43)=58.82 MICRONS
SMD(D32)=15.12 MICRONS
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2.2

2.2.1

‘‘‘‘

- Slurry Preparation

Mi11 Preparation

A Yaboratory batch stirred ball miil, an attritor mill from Union Process,

‘Model 1S, was used to prepare the fine Pittsburgh No. 8 coal slurry. A

photograph of the mill is shown in Figure 2.3, The dimension and the
capacity of the mi1l are shown below: |

Mi11 diameter: 9 inches

Mi1l depth: 8 inches

Mi11 volume: 2.5 gallons

Grinding medium: 3/16" 440 stainless steel beads

Medium charge: 60 1bs (approximately 60% of mill volume)

The mill was rinsed with a volume of tap water equivalent to three times
the mi1l volume while the grinding shaft was turning at a slow speed
(approximately 70 rpm) to remove any rust in the mi11. The mill was then

rinsed with distilled water to displace remaining tap water left in the

mi11. The wash water was drained out while the grinding shaft was rotated

~at a slow speed. »

2.2.2

2.2.3

Fine Grinding

The amount of coal required for grinding was calculated based on the
moisture in the coal and water left in the mill. Typical weights of water
and coal for fine slurry preparation were as follows:

"Target" solids content in slurry: 35.5%
Moisture in pulverized coal: 3.4%

Water Teft in the mill: ‘ 300 gm
Weight of additional distilled water: 2430 gm
Weight of pulverized coal: ) 1550 gm

Prior to grinding, the distilled water for making the slurry was poured
into the mil1. The coal was then slowly fed into the mi1l while the shaft
was rotated at 185 rpm and the timer was started. No dispersants or any
other chemicals were used during grinding.

Generally, it' took about 15 minutes to load and wet 1550 grams of coal.
N, purging was not applied during coal feeding because the N, flow tended
to blow the fine coal out of the mill. After the coal was completely
blended into the water, the coal was ground for 5 minutes at 185 rpm while
purging with N,. The temperature of the mi1l was controlled by circulating
cold tap water through the water jacket provided with the mill.

Slurry Handling and Storage

~ Approximately seventeen, 0.75 gallon batches of slurry were prepared for

each Round Robin Test participant. As each batch was ground it was
transferred to a 30-gallon plastic container. The container was purged
with N, after the slurry was transferred and the 1id was then sealed.
Residual slurry in the mill was cleaned with tap water and rinsed with
distilled water, as described above, prior te grinding the next batch.

799/4311/044/907
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2.3

After all 17 batches of slurry were ground, they were mixed at

approximately 100 rpm for 10 minutes using an air driven stirrer with an
8-inch diameter impeller Two, one quart size samples were then taken for
solids, particle size d1str1but1on (PSD), pH, ash, Btu, total sulfur, and

pyritic sulfur determinations. Also, a 2- ga]]on composite sample of

slurry was obtained and shipped for washability analysis. These sampies
were placed in a plastic bag, purged with N,, taped, put in a 5-gallon
plastic bucket, and purged with N, before the bucket was sealed for
shipping. The remaining slurry was transferred to another 30- -gallon
plastic container with double plastic liners., The slurry was purged with
N, and the inside and the outside plastic liners were sealed with tape.

Finally, the container was purged with N, and the cover was tightly sealed.

The slurry sample (approximately 120 1bs) and 9 buckets of dry coal

‘(approximately 120 1bs) were shipped to each Round ‘Robin Test
‘participants.. : -

Coal and Slurry Charactérization

2.3.1

.3.2

»n

2.3.3

2.3.4

Coal Ana]ys1s

The as-received coa] from Praxis Eng1neers, Inc. was analyzed at B&W for

proximate analysis, ultimate analysis, and Btu. Comparison of the B&W

coal analysis data from Table 2.3 with previous analysis obtained from UCB

Table 2.4 showed that the coal B&W received from Praxis was the same coal-
used by UCB on "Coal Surface Contro] for Advanced Fine Coal Flotation"

project.

Flotation Tests

UCB has developed standara yiinuing and froth flotation procedures for
testing coals as part of the "Coal Surface Control for Advanced Fine Coal
Flotation" project. They performed their standard grinding and flotation
tests on the 1/4" x 0 Pittsburgh No. 8 coal samples obtained from B&W.
The flotation results were similar to their previous flotation results on
Pittsburgh No. 8 coal. This indicated that the batch of Pittsburgh No. 8.
coal received by B&W from Praxis Engineers, Inc. did not oxidize during
storage. o

pH of Dry Coal

The pH of the dry coal was measured by suspending one gram of coal in 100
ml of distilled water. The pH for the dry coal are as follows: ‘

As received coal:
1/4" x 0 fraction:
Pulverized coal:

W ww
0 O =

Particle Size Distribution (PSD)

The PSD of the 1/4" x 0 samples was cetermined using standard ASTM
screening methods. The PSDs of pulverized coal feed and the s]urry
product were measured using two Leeds and Northrup Microtrac part1c1e size
analyzers. Small dry coal and slurry samples were dispersed in dilute
surfactant solutions to insure the particles were well dispersed before
the PSDs were measured. A standard L&N particle analyzer measured the

799/4311/044/908
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TABLE 2.3

Coal Analysis of Pittsburgh No. 8 Coal (From B&W)

. DOE/PETC

ACG-90-4545-08
September 7, 1989

Total 100.00

799/4311/044/9036

Sample No. 3 ‘ - €-20369
Description | ‘ Pittsburgh #8 Coal
Basis : o o As Beceived - Dry
Total Moisture, % | 5.07 ---
Proximate Analysis, %
Moisture | | 5.07 -
Volatile Matter : - 36.28 38.22
Fixed Carbon : : 46.60 49.09
Ash ‘ 12.05 12.69
Gross Heating Value | 12032 12675
Btu per Lb.
Ultimate Analysis, %
Moisture ‘ ‘ 5.07 ---
Carbon L : 66.75 70.32
Hydrogen 4.58 4.82
Nitrogen : 4 1.19 1.25
Sulfur 4.21 4.44
~ Ash ‘ ‘ : - 12.05 12.69
Oxygen (Difference) : 6.15 6.48
100.00

10
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TABLE 2.4

Coa] Analysis (From‘Univefsitv of California at Berkeley)

As Recd.

Proximate Analysis, Dry Wt %

Coal Moisture % Yol. Matter  Fixed Carbon
I1inois No. 6 | 9.5 36.2 46.3
Pittsburgh No. 8 2.3 35.7 52.5
Uppér Freeport PA 1.0 26.2  61.8

, U1timate‘Ana1ysis, Dry Wt %
As Recd. A
Coal Moisture % Carbon Hydrogen Nitrogen
I17inois No. 6 9.5 63.8 5.7 1.24° 573
Pittsburgh No. 8 2.2 71.0 5.1 1.45  4.28
Upper Freeport PA° 1.8 75.6 4.7 1.45  2.38

799/4311/044/9037

A
175

118
120

Sulfur Oxygen

6.10
6.40
3.85
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paftic]e size range of 4.7 microns to 300 microns. A small L&N particle
analyzer measured particles from 0.17 micron to 21.1 microns. The
percentages of particles larger than 300 microns were determined using a

wet screen method. The PSDs from the two analyzers and the oversized

particles (greater than 300 microns) were overlapped using a computer
program developed at B&W. THe PSD of the composite sTurry is shown in
Table 2.5 and the histogram is shown in Figure 2.4.

2.3.5 Solids Content
The solids content of the s1urry was measured using a Computrac model Max

50 moisture analyzer. The solids content of the slurry from each grinding
and the composite siurry were measured. In general, the solids content

ranged between 35.5 to 36.5%. The actual solids content for the composite

slurry is given in Table 2.6. , |
2.3.6 Btu, Ash, Total Sulfur, Pyritic Sulfur, and‘pH for Composite Slurry

The composite slurry was analyzed for Btu, ash, total sulfur, and pyritic
sulfur at B&W using ASTM methods. The pH of the composite slurry was
measured by immersing the pH electrode in the slurry. The results are
shown in Table 2.6.

2.3.7 Washability and‘Pyrite Liberation

Washability data on the composite slurry was determined by Tradet
Laboratories for the fine grind and by Praxis Engineering for the coarse
grind. The results are shown in Tables 2.7 and 2.8 respectively, The
pyrite liberation tests on previous slurry samples prepared under similar
grinding conditions was measured by Virginia Polytechnic Institute and
State University (VPI). The results are shown in Figure 2.5,

2.4 Round Robin Participants
The following participants were contacted and agreed to participate in the
- advanced flotation Round Robin test program on a cost share basis.
; Table 2.9
‘ List of Participants

o Allmineral (Aufberetungstechnik GmbH & Co. KG)

0 B. Datta Research ‘

o  Center for Applied Energy Research

U Deister Concentrator Company, Inc.

. I11inois State Geological Survey

° Michigan Technological University

° Virginia Polytechnic Institute and State University
Two other organizations were contacted to participate in the Round Robin. They
are WEMCO and AFT, Inc. Both of these organizations declined to participate.
A third organization was contacted to participate, Advanced Processing
Technologies, Inc. A mutual decision between DOE/PETC and ICF KE determined that
results from ongoing contracts would be used to compare results of the Air-Spared
Hydrocyclone with the advanced flotation devices. Therefore, Advanced Processing
Technologies, Inc. was not included in the Round Robin Test.

799/4311/044/909
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| TABLE 2.5
Particle Size Distribution of Pittsburgh No. 8 Coal-Water Slurry Product

~ F-4193. ATTRITOR COMBINE SAMPLE.

FOR ILL. ST. GEOL. . 17 BATCHES

OF 5 MIN. GRINDING AT 185 RPM. ‘
96.9% SOLIDS. SPL. NO. PBRP0292. AT 52

2400.00
1697.06
1200.00
848.53
600.00 100.00 0.01
424.26  99.99 0.01
300.00 99.99 0.00
212.13
150.00
106.07
75.00
53.03 95.98 0.83
37.50 99.15 4.52
26.52 94.53 12.72
18.75 81.91 16.03
13.26 65.89 17.42
9.38 48.47 16.96
6.63 31,51 12.20
4.69 19.32 7.58
3.31 11.78 4.62
2.34 7.14 2.81
1.66 4.33 1.53
1.17 2.80 1.20
0.83 1.60 0.83
0.59 0.77 0.56
0.41 0.21 0.21
0.29 0.00 0.00
0.21
0.15

CS(CAL SURF AREA)=1.06 M==2/CM=3
MMD(D43)=11.91 MICRONS
SMD(D32)=5.67 MICRONS

799/4311/044/9038
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TABLE 2.0

Characterization of Pittsburgh No. 8 Coal-Water Slurry Product

Gross Heating‘Va1ue (Btu/lb)
Ash, %

Total Sulfur, % S

Pyritic Sulfur, % S

oH

Solids Content, %

Slurry

- -
-
- -

5.49
35.9

Dry Basis
12,389

12.05
3.92
2.44

15



3070 §000T 6T°T  8E°0 9t7C 2yt 6y'CT E6°E 6£7CL 00700T  LLTD 500 G4 08V 1-vAd BN - SN (A A4 087 SR 1 QY A 1 08°1

Ll
™

[
«ft

BETE6 | 8¥°86 L’TA CTARH 8170 825°%T 686°€1 891 1Lt 5878 9978 99°T 307z Ze9'zi 900’8 (4382 3 2 A 08°T OL°1
§I°te 07786 AN mwua A1) yeG'vl 020°F¥T 99°1T  ¥se TvUiB 1570 6T°T 60T 09¥'€l 8IR'6 Gt 30°LC GB'C 8.7 0S°1
1'% €676 52’1 o 9o TGV 190791 ,mm.H Ie°e 96798 GL 0 9°0 9L°0  66'E€T 9911 LTC 0¥¥L 88T ge°t 0671
¥0°66 thvm Z’1T o o P9G'YT  EET'PT €9°T  €6°C  89°€R 880 09°0 1670 €90°yT 663°CT 66T OL6 WL 6T Gl
85766 LZ7T6 2T 0270 £T°0 msmvwﬁ 19T 19°T  ¥9°C  $T°08 601 P90 6270 GG2'VL  ve¥'El 841 90°¢ 40°8 &'l W1
£9796 93728 ET 810 11 VI9'FT  6L2'FT 031 62T WLl 31°1 0€°0 4170  6ZETPT  ZE8'El ST LyE ¢S R sl

8716 &9 9T ¥T°0- 607D 959°%T OT¥'¥T 85T G6'1 98765 gL'l 126 110 099'9T T0e'%T ¥9°T Gv'C  L67LT SE°T 0€°T

-4
i
t~

.
i
™
L]

.
~~
[xa]
[
(a8}

.
-

21786 1 08% £°T 1o 8oto VIL'PT 99T ST TLTT e8TLE 1e°1 10 8070  ¥IL'¥T 99T 6%

3 % T_E% myms aﬁ& -qr 13d -qr 1=d : myms  myms myms -qp 8d gy T8d
Tgw.ﬁuﬁ -7lgy nlgfM  nIg JmS: usyy i) febuo g cymet cildr AAAWN AIE CJMS 3 USE Y M 3| 1901 JUES

MSeAd Nig (3¥013) IONG0Yd IATIVINHND ( SIS¥E Xdd ALIATED J14103dS

(HSAN SZE€ SANINW)
130Vl A9 GNT¥O INIA 40 ALITIEVHSVM

L°Z dT14VL

- EE N I EE BE B BN ' B B BN oy o B = OB O E

16



RIaX:
17

20°5 11°9 aeoL 8wzl a2 06°€ 7072l 07001  2@EEL  ¥92E 712 98Tz w9 9Lt 081
26218 022 £0°26  §665L  BED 7571 597y 788 6176 0S70L  26°€ 08”7 1892 974 08t 09°1
21706 1172 21°s6  asoyL €70 8771 92"y 8798 2672 8821 4670 8871 500 971 09°1 a7t
26796 2671 96°22  8S€7L SLTO 8E L 5972 2769 72 08SEL 2570 31 @’ 98 et 5871
95726 6371 22789 59791 270 571 vE2 9709 £1°2 21 g0 os"t 15"y 9 se°t oL
9286 9°1 96719 €is7t 6070 5§71 80°2 6°€5 9871 SI1S7L 8070 [<d1 8072 5°5 og i

Q203r3W ue W 3% U8 e NS ¥Ad NS 101 HSY xin nis W nis NS ¥Wd NS 101 HSVY xin lvold  JNIS
NS WAdX /205 # x) x) R @ x) /oS # x) < @ x) ALTAMS 31413348

JATLVIWND 3VIVQ G31NAHOD Y1VQ 1¥ViN3W313
X 0700l - 0 X W 00Z *NOI1dvai 3ZIS

3215401 W 002 0L G3HSNNI “I1dWVS TYNIDINO

(HSEHW 007 SOANIW)

SIXvVdd A9 ONT¥D ISYVOD 40 ALITIIVHSYM

8°¢ d14VlL

B R N W WS v

OIHO “AINNOD INOWI3S
8 “ON HO¥NESILId *WY3S
Viva iALiligveswa



B o BE B O D EE BE

FIGURE 2.5

598  POX80 B0X60 SOX40 40X20 BOXZ <R
PYRITE % IN COMPOSITE
The degres of liberation of Pitts.¢#8 ooal with 8 and tf ainules grinding.
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2.5

Phase I ~ Tests 1 Through 3

The purpose of Phase I'Tests 1-3 was two fold, The first was to determine if oxidation
occurred to the B&W prepared sample. The second was to identify if fine grinding to
liberate pyrite resulted in better pyrite rejection than coarse grinding.

Test Number 1 was a controlled size distribution test to establish the mean volume size
for future tests and to assure that each participant had the "same" coal. Test Number
2 was included to ascertain if oxidation had occurred to the Test 1 sample. Test
Number 3 was conducted to indicate if a coarser grind produced the same efficiency as
a finer grind thus improving the overall economics of the project.

. Tests 1 throu%h 3 were conducted by each participant. Each participant except Deister

and Allmineral was observed by a representative of ICF KE during the actual running of
one of the first three test<. Each participant performed analytical tests and

~ calculated separation efficiencies. The participant recorded his results and submitted

them on Table 2.10, Report Form for Tests 1-3. ICF KE received representative samples
of feed, product and tailings for laboratory verification purposes from YPI, Michigan
Tech, and ISGS. A1l other participants did not comply with this request.

799/4311/044/9010
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TABLE ¢.10

REPORT FORM FOR TESTS 1-3

Date Test 1.D. Seum Pittsburgh 8
Description: Ihis test is for BAW prepared and participant prepared samples at fixed
: conditions.,

Geometry:

- Height Cin.

- Diameter —in,

- Slurry Feed Po1nf . in,

- Wash Water Addition Point in. from top

- Froth Height in. from top

- Pulp Height —1in.

- Type of Baffles & Spacing in.

Operating Conditions:

- Wash Water Flow Rate —__ GPM.

- Air Flow Rate ______CFM

- Feed Slurry Flow Rate GPM

- Feed Slurry Percent Solids ___ 10% by weight

- Feed Slurry pH 1.0

- Feed Slurry Particle Size PSD by B&W

- Air Hold-Up

- Mean Retention Time 5 minutes
Reagents:

- Collector Name Kerosene

- Collector Addition Rate 3.0 #/Ton

- Frother Name Dowfroth M150

- Frother Addition Rate 1.0  #/Ton

- Modifier Name N/A

- Modifier Addition Rate N/A__ #/Ton

- Name & Function N/A

- Addition Rate N/A__ #/Ton
Results:
Stream Yield % Solids Pyritic Ash Total

Grams By Weight Sulfur Sulfur

Product
Reject
Feed

BTU Recovery

502/MBTU

Pyritic Sulfur Reduction

Note: A1l conditions not specified are to be determined by the participant and for each test

recorded on this log sheet.

applicable (N/A).

799/4311/044/9011

If condition does not apply to participant it must be marked not
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The data from all tests 1 through 3 of Phase I were forwarded to ICF KE. This data was
compiled and the results sent to the Technical Support Team (TST). The TST reviewed
the data comparing tests 1 to 2 and test 3 results to the first 2 tests. After the
review the TST made recommendations that each participant proceed with Test 4 at the

finer grind.

Phase II - Test 4

The purpose of Phase II Test 4 was two-fold. The first was to permit the participant
to alter the reagents to ensure proper operation of their particular devices. The
second was to permit the participant the freedom to maximize Btu recovery and maximize
pyritic sulfur rejection by whatever means he deemed appropriate. The only restriction
placed upon the participant was the size analysis of the feed, which had to match, as
closely as possible, the size analysis of Test 1.

Test 4 was conducted by each participant. Each participant, except Deister and
Allmineral, was observed by a representative of ICF KE during the actual performance
of Test 4. Each participant performed analytical tests and calculated the separation
efficiency. The participant recorded his results and submitted them on Table 2.11,

Report Form for Test 4. ICF KE received samples from the participants for checking

laboratory verification purposes. Feed samples were received from VPI and Center for

~Applied Energy Research. Michigan Tech, ISGS, B. Datta Research, Allmineral, and

Deister did not supply feed samples. Center for Applied Energy Research, B. Datta
Research, ISGS, Michican Tech and VPI supP]ied samples of Product and Tailings for the
Test Number 4. Allmineral and Deister djid not supply product and tailings samples.

A1l reczived samples were analyzed at Consolidated Coal Company Research Laboratory.
The results of this analysis work and the participants reported vaives are shown on
Table 2.12. A1l of the participants rep¢rted values correlate very closely to Consol
verification tests.

The separation efficiency is defined as follows for this report:
Separation Efficiency = BTU Recov%ry - (100-Pyrite Rejection)

where

Pyrite Rejection = (100-Yield) x % Pyrite in Refuse
: 100 x % Pyrite in Feed

and

BTU Recovery = WI% Yield x Clean foal BTU
100 x Raw Coa]’BTU

This separation efficiency is based o industry accepted methods as published by
Electric Power Research Institute. |

799/4311/044/0012
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TABLE 2.11

~ REPORT FORM FOR TEST 4

Test I1.D.

Seam Pittsburgh 8

Date . v
Description: ~This test is for ICF KE top size specified an articipants prepare
‘ and participants condjtions. ‘
Geometry:
- Height in.
- Diameter in.
- Slurry Feed Point in.
- Wash Water Addition Point in. from top
- Froth Height in. from top
- Pulp Height - in.
- Type of Baffles & Spacing = _ in.
Operating Conditions:
- Wash Water Flow Rate GPM.
-~ Air Flow Rate ' CFM
- Feed Slurry Flow Rate GPM
- Feed Slurry Percent Solids by weight
- Feed STurry pH -
- Feed Slurry Particle Size
- Air Hold-Up
- Mean Retention Time minutes
Reagents:
- Collector Name :
- Cellector Addition Rate #/Ton
- Frother Name :
- Frother Addition Rate #/Ton
- Modifier Name .
- Modifier Addition Rate #/Ton
- Name & Function .
- Addition Rate #/Ton
Results:
Stream Yield % Solids Pyritic Ash Total
: Grams By Weight Sulfur ' Sulfur
Product
Reject
Feed

BTU Recovery

S0,/MBTU

Pyritic Sulfur Reduction

Note: A1l conditions not specified are to be determined by the participant and for each test

recorded on this log sheet.
applicable (N/A).

799/4311/044/9013

If condition does not apply to participant it must be marked not
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" VERIFICATION TESTS

" TABLE 2.12

{ | ALMN | BIR | CAER | DCCI | ISGS | MIU | VPI
PERFORMANCE PARAMETER | #4 | #4 | & | # | # | # | #
ASH % REPORTED . NA | NA | 11.65| NA | NA | NA | 11.67
ASH % CHECKED NA | N/A | 1272 ] NA | NA | NA | 1175
TOTAL SULFUR % REPORTED | N/A | N/A | 3.92| NA | NA | N/A | 3.74
TOTAL SULFUR % CHECKED NA | N/A | 4.49| NA | NA | NA | 3.88
PYRITIC SULFUR % REPORTED| N/A | N/A | 2.39 | NA | NA | NA | 2.92
PYRITIC SULFUR % CHECKED | N/A | N/A | 2.79| NA | NA | NA | 2.2
BTU REPORTED NA | N/A | 12506 | N/A | N/A | N/A | 12506
BTU CHECKED NA | N/A | 12730 | N/A | N/A | N/A | 12854
~ PRODUCT
ASH % REPORTED NA | 3.73| 3.73| NA | 3.60 | 2.59 | 2.91
ASH % CHECKED N/A | 3.02| 34| NA | 5.03] 2.68| 2.8
TOTAL SULFUR % REPORTED | N/A | 1.83| 2.13 | NA | 1.99 | 1.65| 1.9
TOTAL SULFUR % CHECKED NA | 176 2.08| NA | 2.02| 1.77| 1.9
PYRITIC SULFUR % REPORTED| N/A | 0.80 | 0.62 | NA : 0.77 | 0.38 | 0.40
PYRITIC SULFIR % CHECKED | N/A | 0.37 | 0.4 | N/A | 0.79 | 0.43 | 0.51
BTU REPORTED N/A | 14082 | 14110 | N/A | 14322 | 13824 | 14333
BTU CHECKED N/A | 13922 | 13000 | N/A | 13834 | 14448 | 14067
REFUSE
ASH % REPORTED NA | 79.00 | 70.27 | N/A | 61.67 | 60.15 | 34.51
ASH % CHECKED N/A | 74.28 | 71.09 | N/A | 70.30 | 60.57 | 34.00
TOTAL SULFUR % REPORTED | N/A | 16.78 | 17.20 ; N/A | 15.29 | 15.04 | 8.52
- TOTAL SULFUR % CHECKED N/A | 16.20 | 17.52 | N/A | 11.95 | 14.85 | 8.76
PYRITIC SULFUR % REPORTED| N/A | 15.93 | 15.50 | N/A | 14.83 | 11.10 | 4.53
PYRITIC SULFIR % CHECKED | N/A | 14.64 | 15.73 | N/A | 10.24 | 12.72 | 6.9
BTU REPORTED N/A | 2562 l N/A | 3700 | 4120 | 9057 .
BTU CHECKED N/A | 1670 | 1987 | N/A | 2430 | 4248 | 8901
AL MN = ALL MINERAL, BOR = B. DATTA RESEARCH, CAFR = - CENTER for. APPLIED ENERGY RESEARCH,
DOCI = DEISTER COMPANY, INC., ISGS = ILLINOIS STATE GEOLOGICAL SURVEY,

CONCENTRATCR
MIU = MICHIGAN: TECHNOLOGICAL UNIVERSITY, VPI = VIRGINIA POLYTECHNIC INSTITUTE

AND STATE UNIVERSITY

-y
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3.0

TEST RESULTS

‘In the field of coal preparation, it is common to evaluate and compare coal cleaning

devices on the basis of their performance relative to the washability data for the same
material being processed. Washability analysis is based on grathiona1 forces and can

demonstrate the theoretical "best" possible results,

The results of the Round Robin testing were evaluated against washab111ty data for two
sizes. The first size was 200M x 0 and the second size was 325M x 0. It is important
to note that the tol 7 size analysis must be evaluated even to compare washability
data. In addition to the washability data, ICF KE evaluated the results based upon a
technique known as a release analysis.

The following discussions compare the results of the round robin participants based
upon three criteria; size analysis, washability by size, and the release ana1ysis.

3.1 Size Analysis

The Round Robin testing was conducted at two different size ranges. The two size
ranges were 200M x 0 used for Test Numbers 3 of Phase I and 325M x 0 used for
Test Numbers 1 and 2 of Phase I and Test Mumber 4 of Phase Il. Test Number 1 of
Phase I was compared to Test Number 3 of Phase I to determine if the reduction
in top size improved Btu recovery and pyritic sulfur rejection. The size
analysis for Test Number 4 Phase Il was to match as closely as possible the 325M
x 0 grind used in Test Number 1 of Phase I thus e11m1nating the particle size
variable when comparing results of Test Number 4 of Phase II.

Test Number 1 of Phase I was prepared by B&W. The size analysis for each of the
seven participants is sh~wn in Table 3.1 and graphically on Figures 3.1 and 3.2.
As can be seen from th. data the average d50 size was 9.38 microns with the
smallest at 8.50 micron. and the largest at 9.96 microns. To better define the

~curve the d80 and d20 values are also reported on Table 3.1. The d80 average was
17.58 microns varying from 15.96 microns to 17.87 microns. The d20 average was
4.69 microns varying from 4.10 microns to 4.91 microns.

Test number 2 of Phase I was prepared by each participant. The size analysis for
each of the participants reporting is shown in Table 3.2 and graphica]]y on
Figure 3.3. The data indicates that the average d50 was 8.87 microns varying
from 6.71 microns to 11.37 microns. This compares vary closely to the Test 1
Phase I size analysis. Further, comparing the average d80 of 16.15 microns
varying from 11.19 microns to 18.74 microns and the average d20 of 4.23 microns
varying from 3.26 microns to 6.34 microns with Test Number 1 of Phase I indicates
that the participants prepared their samples to acceptable and comparable size
ranges.

Test Number 3 of Phase I was prepared by each participant. The size analysis for
each participant reporting is shown in Tabie 3.3 and graphically on Figure 3.4.
The data indicates that indeed each participant with the exception of Allmineral
produced a grind that was minus 200 mesh at the d80 point. The d50 point average
was 33.62 microns varying from 26.92 microns to 41.78 microns. The test was
conducted at a coarser size analysis than Test Numbers 1 and 2 of Phase 3.
AlImineral produced essentially the same size consist as they did in Test 2.

Test Number 4 of Phase Il was prepared by each participant. The size analysis
for each of the participants reporting is shown in Table 3.4 and graphically on

799/4311/044/9014
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TABLE 3.1
| TEST #1
SIZE ANALYSIS BY B&W
SIZE | AL MN | BDR | CAER | DCCI | ISGS | MTU | VPI | AVG
MICRONS | WT.% | WT.% | WT.% | Wr.% | WI.% | WI.% | WI.% | WI.%
--------- | =====m| mmmmmm] mmmmmm| mmmmem | mmmme | memeee | s | oo
600.00 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
424.26 | 99.99 | 99.99 | 99.99 | 99.99 | 99,99 | 99.99 | 99.99 | 99.99
300.00 | 99.98 | 99.98 | 99.98 | 99.98 | 99.98 | 99.98 | 99.98 | 99.98
212.13 | 99.98 | 99.98 | 99.98 | 99.98 | 99.98 | 99.98 | 99.98 | 99.98
150.00 | 99.98 | 99.98 | 99.98 | 99.98 | 90.98 | 99.98 | 99.98 | 99.98
106.07 | 99.98 | 99.98 | 99.98 | 99.98 | 99.98 | 99.98 | 99.98 | 99.98
75.00 | 99.98 | 99.98 | 99.98 | 99.98 | 99.98 | 99,98 | 99.98 | 99.98
53.03 | 99.98 | 99.98 | 99.98 | 99.98 | 99.98 | 99.98 | 99.98 | 99.98
37.50 | 99.98 | 99.98 | 99.06 | 98.97 | 99.16 | 99.98 | 99.¢9 | '99.57
26.52 | 96.48 | 95.42 | 94.72 | 96.28 | 94.63 | 97.01 | 96.13 | 95.81
18.75 | 86.89 | 83.33 | 83.55 | 82.66 | 81.91 | 85.15 | 86.06 | 84.22
13.26 | 75.14 | 69.02 | 66.49 | 66.72 | 66.89 | 69.04 | 68.75 | 68.86
9.38 | 56.50 | 50.51 | 48.21 | 48.12 | 48.47 | 49.96 | 49.14 | 50.13
6.63 | 37.94 | 32.47 | 31.32 | 31.07 | 31.51 | 32.17 | 32.37 | 32.69
4.69 | 24.39 | 20.01 | 19.01 | 18.93 | 19.32 | 19.67 | 20.20 | 20.22
3.31 | 15.34 | 12.61 | 11.12 | 11.33 | 11.76 | 11.66 | 12.01 | 12.26
2.34 | 9.74 | 7.73| 6.70 | 6.73 | 7.14 | 6.91 | 17.30 | 17.46
1.66 | 6.11 | 4.63 | 4.22 | 4.17 | 4.33 | 4.39 | 4.54 | 4.63
1.17 | 4.13 | 3.06 | 2.70 | 2.76 | 2.80 | 2.87 | 2.91 | 3.03
0.83 | 2.56 | 1.83 | 1.56 | 1.61 | 1.60 | 1.66 | 1.65 | 1.78
0.59 | 1.35 | 0.92 | 0.74 | 0.76 | 0.77 | 0.77 | 0.79 | 0.87
0.41 | '0.30 | 0.21 | 0.14 | 0.14 | 0.21 | 0.14 | 0.21 | 0.19
0.29 | 0.00 | 0.00 | 0.00 | 0.00 | 0,00 | 0.00 | 0.00 | 0.00
0.21 | 0.00 | 0,00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
0.15 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
DSO | 8.50 | 9.38 | 9.96 | 81 |
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3.2

3.3

Figure 3,6, The size analysis for this test was spacified by the Technical
Supgort Team gTST) based upon comparing the efficiency of Test Numbers 1 and
number 3. Allmineral and Center for Applied Energy Research each had better
results in Test 3 than Test 1. However, Allmineral’s size analysis for Test 3
was finer than Test 1 and Center for Applied Energy Research experienced
operating problems with their device attempting to maintain the controlled
conditions specified. A1l of the other participants, except B. Datta Research
who had no reported results for Tests 1 thru 3, reported better efficiency of
separation at the finer grind, The TST specified that test 4 of Phase Il be
conducted at the finer size analysis. The average d50 reported was 10.72 microns
varying from 6.72 microns to 12.22 microns, The average d80 was 19,78 microns
varying from 11.49 ‘microns to 24.44 microns, The average d20 was 4,90 microns
varyin% from 3.28 microns to 6.42 microns. The average values compare quite
accurately with Test 1, Phase I size analysis.

Washability An§1ysis

The sample of Pittsburgh No, 8 coal was crushed to two different top sizes of 200
mesh and 325 mesh., Both of these samples were subjected to specific gravity
washability analysis. The 200 mesh sample was prepared 2{ Praxis Engineering and
is shown in Table 3,6, The 326 mesh sample was prepared by Tradet Laboratories
and 1s shown in Table 3.6. The Btu recovery versus Pyritic Sulfur Rejection is
plotted for both sizes on Figure 3.6. This graph shows that the finer size grind
improves the pyritic sulfur rejection at a given Btu recovery.

The flotation rasults for Test Number 3 Phase I are plotted along with the 200
mesh washability Btu recovery versus pyritic sulfur rejection on Figure 3.7.
Three participants indicated from their results that they recovered more than
100% of Btu and this 1s indicated as points above the washability curve, These
results are clearly erroneous and are most 1ikely the result of poor performance
of analytical test work. The three other participants are well below the results
predicted by the washability curve,

The flotation results of Test Numbers 1 and 2 of Phase I and Test 4 of Phase il
are plotted along with the 325 mesh washability Btu recovery versus pyritic
sulfur rejection in Figure 3.8, A1l of the participants have lower results than
the washability plot except for one participant who appears to fall on the
washability plot.

A1l of the Test 4 results, which should be the best possible, fall below the
washability curve, This indicates good results, but that the performance could
be improved.

Release Analysis

The previous discussion has compared washability data to the performance of froth
flotation. Washability analysis is based on gravitional separation processes.
Unfortunately, for a process such as froth flotation, which is based on the
differences in the surface properties of the material being treated, washability
analysis does not ‘always provide an appropriate basis for comparison. As a
result, the release analysis technique was develo?ed by C.C. Dell in the early
1950’st?s the counterpart in froth flotation to float/sink analysis in gravity
separation.

799/4311/044/9015
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Several forms of release analysis have been developed over the years including
the original technique often referred to as timed release analysis. In 1964,
however, Dell [1] showed that a simplitied technique which he called "an improved
release analysis procedure for determining coal washability" could be used to
provide the same results as the more time consuming and complicated original
procedure. In this procedure, a sample of coal is floated in a conventional
batch flotation cell using every means possible (i.e., high pulp level, high
aeration rate, extra frother, etc.) to produce a high recovery. The concentrate
from the cell is cleaned an additional three or four times under the same
conditions to remove entrained clays and fine mineral matter. This procedure
results in a separation of the truly non-floatable material from the floatable
material. The floatable material is placed back into the cell and a final
separation is made between the highly floatable material and the progressively

less floatable material. For this final separation, the air is initially turned

off and the impeller speed is reduced to the point where froth formation and
flotation ceases. Both are then increased very slowly until flotation is just
discernible. This froth is scraped for as long as it keeps appearing. The
collection basin is then changed and the aeration rate and impeller speed are
increased s1ightly to collect slightly less floatable material. This procedure
is continued until'all floatable material has been recovered. Any remaining

"tailings are combined with the original non-floatable material as part of the

overall tailings sample. Each fraction of material is weighed and analyzed to

. determine cumulative yield, Btu recovery, ash, sulfur, etc. The data are plotted

as cumulative Btu recovery versus sulfur rejection. The use of the rejection
term normalizes the effect of changes in feed sulfur from one sample to the next
so that all samples can be compared on the same basis.

The resulting plot of Btu recovery versus sulfur rejection represents the best
result that can possibly be obtained by any flotation process for that particular
sample and size distribution. It primarily reflects cleaning down to the
liberation 1imit of the sample. Extensive test work using various frothers and
frother dosages shows no effect on release curve. In addition, the dosage of
kerosene or fuel oil seems to have little effect on the release curve. The only
parameters which are found to change the shape of the release curve are
liberation as reflected by the feed size distribution, and reagents which change
the relative flotation rates of the various components ‘in the sample. For
example, a pyrite depressant which reduces the rate of floatation for pyritic
particles more than it does for coal particles will result in an improved release

- curve.

With the above procedure in mind, release analysis tests were conducted on the
sample of Pittsburgh No. 8 coal. The sample had been ground to minus 325 mesh
per the instructions provided to all participants. Since some participants had
used MIBC and some had used Dowfroth M150 as the frother in their test work,
separation release analyses were performed for each frother type. The results
verified previous test work that the type of frother and collector do not
influence the release curve. Each of the participants are shown on the plots of
Btu recovery versus sulfur rejection on Figures 3.9 thru 3.12.

Figure 3.9 shows the results of Round Robin Test Number 1 for all participants.
In terms of the Round Robin results, Deister, MTU and CAER appear to fit exactly
on the release curve. It should be mentioned, however, that since all reccvery
versus rejection curves tend to come together at very high and very Tlow
recoveries, it is difficult to say whether Deister, MTU and CAER are actually on
the release curve. In any case, the most important point is that nobody did
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better than the release curve. ISGS 1s below the release curve as one would
expect for converitional flotation since mineral matter is entrained in the water
which 1s recovered with the froth. A similar conclusion can be drawn for the
result of Allmineral. VPI is below the release curve because of lack of proper
retention time. ,

The results shown in Figures 3.10 for Round Robin Test Number 2 indicate similar
conclusions to those seen for Test 1. In this case, Deister, VPI and CAER are
s1ightly below the release curve, Allmineral and ISGS are well below the release
curve due to entrainment, and MTU appears to be better than the release curve.
Since the result by MTU {s clearly impossible, 1t may be that this data was not
collected at steady-state, or sample analysis error exists.

Figure 3.11 shows the results for Test Number 3. It should be pointed out that
this test was conducted using a minus 200 mesh sample. Thus, the true release
curve for this sample should actually be to the left of the minus 325 mesh
release curve since the 1iberation of pyrite and other mineral matter is not as
good. In this case, CAER, Deister and MTU operated at the release curve. VPI
may very well be on or near the release curve for the minus 200 mesh sample,

while the points for I1SGS and Allmineral once again reflect entrainment.

The best results reported by all participants were for Test Number 4. These data
are shown in Figure 3.12. As can be seen, Deister, ISGS, CAER and VPI appear to
fall on the release curve within normal experimental error. This is as expected
since the wash water in any properly operated flotation column should eliminate
entrainment and produce essentially the same results as release analysis.
Likewise, the multi-stage cleaning process used by ISGS, and Alimineral fis
essentially a duplication of the release analysis procedure and should also
result in a point on the release curve. Deviation from the release curve was
exhibited by MTU and B. Datta Research which again may reflect data which was not
collected at steady-state or sample analysis error,

In summary, it appears that all columns tested and the multi-stage cleaning
technique produce results which are on the same grade versus sulfur rejection
curve. Furthermore, these processes produce results which are at the best
metallurgical performance that can be obtained as dictated by release analysis.

Material Balance Analysis
3.4.1 Overview of the Material Balance Problem

In any continuous process, steady-state is defined as the point when the
overall mass and the mass of each component (i.e., ash, sulfur, etc.)
entering the process is equal to the overall mass and the mass of each
component leaving the process. Assuming there is no generation or
destruction of mass in the process (i.e., precipitation or lTeaching), the
mass balance can be written in terms of the feed and product streams
arou?d a grocess. For example, the mass balance for a flotation process
is given by: ‘

F-P-R=0 (1)

where F is the mass flow rate of solids in the feed stream, P is the mass
flow rate of solids in the product stream and R is the mass flow rate of

799/4311/044/9017
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solids in' the refuse stream. Similarly, the component balance for a
flotation process is given by:

fF - pP ~YR=0 (2)

where f 1s the fractional assay of a ?1ven component (ash, for example) in
the feed stream, p is the fractional assay of a given component in the
product steam and r 1is the fractional assay of a given component in the
refuse stream,

In an ideal situation, Equations 1 and 2 equal zero and one has what is
termed "perfect closure" of the material balance. Unfortunately, the real
world 1s not ideal. It 1s not always possible to get a perfectly
representative sample of every stream. Furthermore, no analysis technique
is 100% accurate. Therefore, errors are introduced in sampling and
analysis which make it impossible to have "perfect closure" of the
material balance. As a result, each set of analysis used in the
calculations (i.e., flows, assays, etc.) will give entirely different
values for yield, recovery, sulfur rejection, etc.

In the late 1960's and early 1970’s, several researchers looked at the
material balance problem and developed techniques which used all the data
available, but adjusted them so that they would be consistent and meat the
material balance criteria established by Equations 1 and 2. The general
technique used 1s known as constrained minimization. The basic idea for
this procedure is as follows. It is known that Equations 1 and 2 must be
satisfied in order to have a true material balance. Furthermore, Equation
2 must be satisfied for every component (i.e., every e¢ssay) in the stream.
It is also known that every assay and flow measurement has a certain
amount of error associated with it. Thus, adjustments to the values of
the assay and flow measurements are required to remove the error and
satisfy Equations 1 and 2. However, the amount of adjustments madu to
each of the flow measurements and assays must be minimized. Therefore,
the measured values are adjusted according to how much trust can be placed
in each of these values until the mass balance equations are satisfied.
In other words, Equations 1 and 2 represent the constraint which must be
satisfied, while the difference between the measured value and the
adjusted value for each flow and assay must be minimized.

A number of computer programs have been written over the past 20 years
which are capable of carrying out the material balance calculations. One
such program which has been found to be quite versatile is BILMAT which
has been developed and refined by CANMET over the past 20 years [2]. The
BILMAT program allows the user to input a description of the process in
terms of number of streams and number of nodes, measured values such as
pulﬁ, solids and water flow rates, percent solids, size distributions,
washability data, and assays in each stream or in each size or gravity
fraction, and the relative error associated with each measured value, The
program then adjusts the measured values to produce a consistent set of
flows and assays. The amount of adjustment for each value is based on the
relative error. If the user assigns a large relative error to a value,
the program assumes that it is free to adjust this value as it is
necessary to provide a mass balance. If the user assigns a small relative
error to a vafue, the program assumes that this value must stay relatively
constant and other values must be adjusted to close the balance.
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Therefore, the insight of the user 1n determining the relative error
values, known as the error model, is critical to the outcome of the
material balance.

3.4,2 Error Model

In order to compare the data from all participants on a fair and equal
basis, a consistent error model was developed which was used in all mass
balance calculations. The error model was based on the following
assumptions. :

3.4.2.1 Feed Assays (ash, sulfur, pyritic sulfur .nd Btu)

It has been determined that feed samples taken during an
experimental run can vary greatly depending on the sample
Tocation and the feed sump design. For example, pyrite tends
to settle out at the bottom or corners of the feed sumq.
Thus, there 1is great room for bias in the feed sample
collected during an experiment. Therefore, in order to be
fair to each participant, it was decided to use the assays
re€orted by B&W as the feed assays for the mass balance
calculations. It was assumed that the values were accurate
and a small relative error (5%) was entered in the BILMAT
program for each of these assays.

3.4,2.2 Ash Assays

At least one assay in each stream had to be trusted in order
to complete the mass balance. Since ash is a very routine
analysis procedure in most coal labs, it was felt that this
value could be trusted with a small relative error (5%).
Thus, the relative flow rates of solids reported for each
stream were primarily based on the material balance on ash.

3.4,2.3 Total Sulfur Assays

Total sulfur is a very quick and routine analysis which is
usually repeated enough times to provide an accurate assay.
Unfortunately, the total sulfur values in the refuse stream
for nearly all participants were in a range that is usually at
the 1imit of most sulfur analyzers. Thus, it was felt that
only the product total sulfur value reported by each
participant could be trusted with relative error of 5%. The
total sulfur assay for the refuse stream was used in the mass
balance calculation, but it was given a relative error of
999.999%. This number is used in BILMAT to indicate an assay
which is not very reliable. Thus, BILMAT had total freedom to
ad%ust this value to close the material balance on total
sulfur.

3.4.2.4 Pyritic Sulfur Assays

Except for the feed analysis already discussed, none of the
pyritic sulfur assays were assumed to be accurate. This
results from several problems including the sedimentation of
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pyrite in sumps and flotation cells, as well as poor
analytical procedures. When comparing pyrite results from all
the participants, there appears to be considerable variation,
In most cases this 1is the result of analytical ﬁrocedures.
Pyrite determination is a wet chemistry problem that is very
operator dependent to produce correct answers, This variation
in the pyritic sulfur assay is particularly unfortunate since
pyritic sulfur re%ection is being used in the Round Robin test
pro%ram to evaluate the performance of each of the
participants’ processes. As a result of this finding, a
relative error of 999,999% was assumed for the measured
pyritic sulfur assays in the product and refuse streams,

A11 Reported Flows (usually feed and wash water) and the
Percent Solids in the Feed.

As mentioned previously, the material balance on the

componants determines the relative solids flow rates in each

stream (1.e., yield). The balance on the total pulp and water

flows determines the water split, which determines the total

gglp flow rate in each stream, which determines the residence
me.,

The reported feed pulp flow rate, the reported feed percent
solids, and an assumed s.g. of 1.4 of the solids was used to
calculate the grams per minute of solids in the feed and the
mi/min of water in the feed.

In using the BILMAT program to conduct the flow balance, it
was assumed that the reported feed pulp flow rate and percent
solids were accurate to 5% relative error, It was also
assumed that the same accuracy for the reported wash water
flowrate could be used. These were the only flows provided by
all of the participants. The remaining flows were calculated
by the BILMAT program using the percent solids values in the
tailings and concentrate streams, Both of these values were
given the maximum relative error so that the BILMAT program

could adjust them as necessary. The solids flow split was

determined from the yield which was determined from the assay
balance (based primarily on ash, but partially on total
sulfur),  Thus, the BILMAT program used the assays to
determine the yield. Knowing the yield and the mass flow of
feed, the mass flow in all other streams was determined.
Knowing the mass flow of feed and percent solids, the water in
the feed stream was determined. Knowing the water in the feed
stream and the wash water addition rate, the adjustments to
the percent solids in the product and refuse streams were
minimized in order to complete the balance on water and the
bzlance on pulp. ‘

~ Btu Assays

Btu cannot be halanced by the BILMAT program, because Btu is
a function of the ash and moisture ash free (MAF) Btu of a
given product. For this reason the results of participants
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assay were utilized as the assayed Btu for Test Numbers 1 thru
3 of Phase I, The results are subject to calibration errors
etc. for each individual participant. This fact {is obvious
when examining the data which indicates different Btu values
for a given ash value. In some cases a higher Btu value is
rdported for a higher ash value. |

|,

Test Number 4 of Phase II 1s the test used to determine the
éfficiency of the process and the economics of the test work.
For this reason all of the Btu values for the feed and clean
coal product were adjusted, The adjustment was determined by
the ash content and the moisture ash free Btu value on a
Tinear basis. This made the relationship between Btu and ash
hold constant for all participants.

Results

The results for Test Numbers 1 thru 3 of Phase I are shown in Tables 3.7 and 3.8.
Table 3.7 tabulates the technical performance results. The Table includes the
values generated by the BILMAT program and directly under these are the results
reported by the participant, Tahle 3.8 contains the process variables used by
each participant. 'In the case of these three tests, feed percent solids,
particle size, retention time, pH of feed slurry, and amouits of collector and
frother were held chstant.

B. Datta Research ahd Center for Applied Energy Research experienced operating
problems with the parameters set as described above. B, Datta Research, during
observation of test work by ICF KE, produced no froth under these conditions.
In fact for some unexplained reason the coal, which was from the same batch as
the other participants, would not respond to flotation under the set conditions
even in a lab cell., The Center for Applied Energy Research experienced poor
results due to the fact that bubbles were being flushed out tailing stream. The
reason they experienced this problem appears to be due to their column geometry.
At 1 1b/ton of Dowfroth M150, the actual concentration in their cell was very
high. This resulted in the production of very fine bubbles which could not rise
against the downward flow of slurry in the column.

There were two purposes for the Phase I Tests. The first purgose was to
determine if oxidation occurred during grinding and shipping of the B&W prepared
sample. This sample was used for Test 1 of Phase I. The participant(frepared
the sample for Test 2 of Phase I from 1/4 inch by zero coal ground to the
required size distnibution by the participant. The second purpose was to
determine if grind size influenced the efficiency of separating pyrite from the
coal. The participant prepared the sample for Test 3 of Phase I to a particle
size of minus 200 mesh.

An indication of oxidation occurring in a sample is the reduction of weight

~ recovery at the same operating conditions. Allmineral showed an increase of

recovery from 63.60% to 72.20% with the efficiency index increasing from 15.43
to 43.91, Deister showed virtually no change of recovery (85.6% to 85.50%) with
the efficiency index decreasing from 67.17 to 53.56. I1linois State Geological
Survey showed a decrease in recovery from 80.70% to 54,10% with accompanying
decrease in the efficiency index from 45.5 to 33.80. Michigan Tech showed an
increased in recovery from 83.30% to 88.60 with the efficiency index increasing
from 69.41 to 79.42. Virginia Polytechnic Institute showed a s1ight decrease in
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recovery from 58.40% to 55.10% with the efficiency index decreasing from 53.47

~to 51. 49

Based on the above results it is concluded that there may have been oxidation of

the B&W prepared sample. This oxidation may have occurred on the pyrite particle -

which shows up in the efficiency index. In all cases, except for ISGS, there is
increased weight recovery of the freshly ground coal. Therefore, it is concluded
that advanced flotation should occur immediately after grinding to minimize
oxidation problems. It should be noted that as long as two weeks could have
elapsed between the time B&W prepared the sample for Test 1 and the time the
participant actually performed the test.

The information for Test Numbers 1 thru 3 of Phase I were forwarded to the

Technical Support Team (TST) composed of representative of Consolidation Coal,

Virginia Po1ytechnic Institute, Bahcock and Wilcox and ICF Kaiser Engineers. The
TST was to compare the results of Test 2 with Test 3. Test 2 .involved gr1nd1ng
the coal to minus 325 mesh and Test 3 involved grinding the coal to minus 200
mesh. The TST concluded that Test Number 2 had improved the pyritic sulfur

Phase II.

~rejection and therefore the fine grind should be utilized in Test Number 4 of

The results of Tests 1 thru 3 shown on Table 3.7 for all of the participants

shows that the pyritic sulfur of the product for Test 2 is aiways lower than in
Test 3. This is a result of a finer grind liberating free pyritic sulfur that
is then rejected in the advanced flotation device being tested.

The performance results for Test 4 of Phase II are shcwn on Table 3.9. The
process variables for this test are shown in Table 3.10. As previously stated
this test was open for the participant to utilize any means at his discretion to

maximize Btu recovery and maximize pyritic sulfur rejection. By examining the

data on Table 3.9 all of the participants except VPI opted to maximize Btu
recovery and accept the pyritic sulfur rejection that occurred at that Btu
recovery. VPI decided to maximize pyritic sulfur rejection resu1t1ng in the
lowest Btu recovery.

The major difference that can be concluded by examining the data found in Table
3.10 is the difference in retention time when compared to the first three tests.
The participants who improved their performance in Test 4 did so by mostly
increasing the retention time required to float the coal. This increased
retention time allowed for additional recovery which moved the participants
higher up the grade-recovery curve. ISGS and Allmineral improved their results
by cleaning and recleaning the rougher flotation product. The reagents used for
Test 4 were similar to the first three tests. The only sulfur depressants used
were by Allmineral who used a German chemical named Vanis pers and VPI who raised
the pH of the feed slurry to 9.20. ‘

Test 4 of Phase I is the base condition for the performance evaluation utilized
in the economic evaluation. A11. of the participants fall short of the
washability analysis as shown in Figure 3.8. As previously stated a better
method to evaluate flotation performance is the release analysis. As can be seen
in Figure 3.12, Deister, ISGS, CAER, and VPI appear to fall on the release curve
within normal experimenta] error. This is to be expected with column flotation
devices utilizing wash water. Likewise ISGS and Allmineral by using multi-stage
cleaning process should result in a point on the release curve. Two participants
Michigan Tech and B. Datta Research plot to the upper right of the reiease curve.

799/4311/044 /9022
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The conclusions is that the samples were not collected at
steady state cond1tions or sample ana]ysis error. This would result in an error
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4.0

ECONOMICS

The economic study of the results from Phase II involved contacting each participant
and requesting, based on Test 4 parameters, their best estimate of the capital cost of
a nominal 20 tph advanced froth flotation circuit using the circuit configuration of
that test. This estimate was to assume that the feed material would be prepared to 10%
solids by weight and be ground to minus 325 mesh top size. No downstream dewatering
was to be included in the circuit. The participant was to supply all of the utilities
and the rates 'required for their flotation device.

The economic evaluation is to be based upon annual $/ton of SO, removed and $/ton of
clean coal. In order for this comparison to be fair to all participants a series of
calculations were made so that each participant produced the same annual Btu to match
the demands of a 25 MW electrical power generation station.

The electrical power generation station was assumed to have a net heat rate of 9493
Btu/KWhr., Net heat rate is plant boundary fuel input to busbar electricity. It was
further assumed that the plant availability factor would be 75%. The availability
factor is the fraction of the year the power generation station is "available" to
produce power at some useful output level excluding planned or Unflanned shutdowns.
Based upon these assumptions the power plant requires 1.5592 x 10" Btu per year.

The advanced froth flotation coal preparation plant must produce the equivalent amount
of Btu as required by the power generation station. The coal preparation plant

‘operates for 16 hours per day, 230 days per year and has a 90% availability factor or

operates 3312 hours per_year. The coal preparation plant must produce 1.5592 X 10"
Btu in 3312 hours or 4.7078 x 10° Btu per hour.

Based upon each of the participants calculated Btu values from Test #4 and the weight
recovery from Test #4, each participant’s hourly clean coal and raw coal feed was
calculated. ICF KE acknowledges that the "as received" Btu will be lower than the
"moisture free" Btu, however, if all participants are assumed to have the same final
moisture then the relative differences will be in the same ratio as the "moisture free"
Btu. Therefore "moisture free" Btu was used to calculate the clean coal and raw coal
tons per hour. : ‘ :

The calculated vé]u%s df clean coal and raw coal tons per hour for each participant to
produce 4.7078 x 10° Btu per hour are shown on Table 4.1.

Table 4.1

Required Clean Coal and Raw Coal
for Economical Evaluation

Test #4 Test #4 Clean Coal Raw Coal
Participant Btu/# Yield TPH IPH
ALMN 13268 89.5 17.74 19.82
CAER 13788 - 87.5 17.07 19.51
DCCI 13614 85.6 17.29 20.20
1SGS 13809 85.4 17.05 19.96
MTU 14236 83.7 16.53 19.75

VPI 14088 70.0 16.71 23.87

1799/4311/044/9024
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ICF KE, in the interest of fairness to all of the participants, contacted known
suppliers of froth flotation reagents, and known suppliers for equipment utilized in
common by all of the participants, such as reagent feeders, air compressors, and feed
pumps. The above information was utilized in all of the participants’ calculated
capital cost. See Table 4.2 Common Equipment and Reagent Costs.

The participant’s capital cost for the flotation device was 1ncorporated with the cost
of the other equipment and multiplied by 3 to determine the total installed cost of the
flotation plant.[3] ‘ : ‘

The operating and maintenance cost estimates were based upon the participant’s
flowsheet, the equipment 1ist, the capital cost estimate and calculated values based
upon known and/or estimated costs for expendables, power, and manpower. The assumed
criteria was that the plant operates at 90% availability. Based upon two shifts per
day, eight hours per shift and 230 operating days per year, the total annual operating
hours, total annual raw coal and clean .coal tonnages were calculated.

Values from 11terature; estimates,‘br material subpliers were established as costs ber

unit for all operating expendables. The hourly and supervisory manpower for operation
was established on an annual basis. The expendables for power, flotation reagents,
water, and manpower costs were then estimated. Reagent dosages were based on
participant’s Test #4 results. ‘ :

The maintenance material costs were estimated as 10% of the equipment costs. The
maintenance manpower was established on an annual basis. From the above values,
maintenance materials and manpower costs were estimated.

The total operating and maintenance costs are expressed as total annual cost, dollars
per ton of raw coal and dollars per ton of clean coal.

The total capital cost and the operating costs per ton of raw coal were used as input
to an economic model. This model takes into consideration the plant 1ife, three months
of working capital, 100% debt financing, 11% annual debt interest rate, debt Toan
period, an income tax rate and tax depreciation period. ‘

Coal cleaning results in some loss of BTU that were retained in the raw coal. For this
reason ICF KE penalized each participant for the extra raw coal needed to provide the
BTU required to fire the 25 MW power plant. This was accomplished by first calculating
the raw coal tons required to fire the boiler based upon Test #4 feed BTU. Second the
raw coal that was required to fire the boiler based upon Test #4 clean coal weight.
yield and clean coa)l BTU values was calculated. The difference of these two numbers
was multiplied by $20.00 per ton and added as an additional cost of cleaning the coal.

799/4311/044/9025
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- Table 4.2
Common‘Equipment and Reagent Costs

Reagent Costs

Reage e | $/Pound* Source

MIBC ' : 0.61 : PB&S Chemical

Pine 0i1 ‘ 0.63 Hercules Chemical
M150 o 0.85 - Betz Chemical

No. 2 Fuel 0il 0.088 ‘ Orris Fuel Company

Kerosene . ‘ 0.106 o Orris Fuel Company

* Based on 3,000 ga110n}bu1k shipments.

++ Joy reciprocating, oil free with motor, drive and regenerative drying.

+++ 316 SS construction with 4-20 ma controls, back pressure valves, motor and drive.

799/4311/044/9026

Equipment
‘Name ~ Cost - $/HP Source
Feed Pump = 13,200/40 Gould (Goyne)+
Air Compressor - Airtech, Inc.++
150-300 cfm @ 40 psi 48,530/40
500 cfm @ 50 psi ~ 69,890/50
1,000 cfm @ 50 psi 89,730/150
Reagent Pumps - ‘ Pulsa Feeder+++
Collector ‘ 2,476/0.17
Frother 2,462/0.17
o+ Hi chrome construction all wetted parts, variable speed drive, motor, guards and OH
mount.
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The output of this model 1is a first year estimate of dollars per clean coal ton,
dollars per million BTU, annual dollars per year and annual dollars per ton of sulfur
dioxide removed. ' ‘

~The economic analysis maintains all of the common equipment prices and manpower prices

constant for each participant, therefore any variation in capital and operating and
maintenance is based upon the participant’s capital estimate and utilities for the
scaled up version of their laboratory device.

The test work for Test #4 was performed on coal ground to pass 44 micron. Furthermore,
all participants are operating column type flotation devices, except ISGS who used
conventional flotation. Several papers have been recently published that state the
scale up and performance of a column flotation device is limited by the rate of
concentrate removal. There is a maximum rate at which solids can be removed related
to individual bubble loading and the bubble surface area rate. Another name for this
is "carrying capacity" and is expressed as mass of solids to overflow per unit t1mg per
unit of column cross sectional area [4]. This value calculates to be 0.092 tph/ft® for
Test #4 conditions. : |

The carrying capacity is the product of the D80 particle size in microns and the
specific gravity of the particle. A graph shown in Figure 4.1 indicates the tons per
hour per square foot carrying capacity required to size the column flotation. In order
for all participants to meet the carrying capacity criteria it is necessary for
Allmineral, Center for Applied Energy Research, Deister and VPI to provide four of
their respective column flotation cells. Michigan Tech requires two of their column
flotation cells. ISGS, because it 1s conventional flotation exceeds the carrying
capacity criteria as proposed.

The Technical Support Team examined the reagent dosages used by the participants in
Test #4. The TST determined that the collector could be scaled up based ugon pounds
per ton of solids in the feed. However, the frother should be scaled up based upon
concentration in the cell. In order to scale up the frother addition, the
concentration of the frother was calculated for each participant’s Test #4 results.
The same concentration was used to calculate the pounds per ton of frother at the
required feed rate corrected for the required number of columns to meet the carrying
capacity criteria discussed previously. The results of the frother concentration
calculations are shown in Table 4.3, The calculated frother concentration was used to
back-calculate the required pounds per ton of frother used in the economic model. The
concentration was not calculated for Allmineral due to insufficient Test #4 data and

ISGS due to the system being conventional filotation. The frother rate used for both

of these participants are was same as reported by each for the required tph scale up.

B. Datta Research was not included in the economic evaluation because the machine has
not yet been patented and any disclosure of the equipment may have an adverse impact
on the patent application. Because of this, the participant did not provide economic
information for his device thus preventing developing the economic model.

The detailed operating and maintenance costs and economic model are contained in
Appendix "I". Table 4.4 Economic Parameters shows the major numbers generatpd in the
economic evaluation, with and without additional raw coal added to the final costs. The
results are based upon Test #4 results with the proper material balances by the BILMAT
program. The costs per ton of clean coal on a first year basis for the required tph
circuit range from $16.71 to $21.29 without additional raw coal added. This dollar
figure is a result of all costs divided by the annual clean coal produced.

799/4311/044/9027
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" The annual dollars per ton of sulfur dioxide removed range from $237.00 to $677.00

without additional raw coal added. :

The costs per ton of clean coal on a first year basis for the required tph circuit
including additional raw coal required range from $17.23 to $25.50. Likewise, the
annual dollars per ton of sulfur dioxide removed including additional raw coal required
range from $305.00 to $707.00,
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CONCLUSTONS

The overall objective of the round robin was to select the most efficient, as
determined by the efficiency index, cost effective, as determined by the annual cost
per ton of SO, removed, advanced flotation device available. This machine was to
process ultra fine coal, maximize Btu recovery and maximize pyritic sulfur rejection.

The device will first be installed as a one hundred pound per hour capacity unit and,
subject to the outcome of Task 6 of the Engineering Development Contract, increased to
a13 Eon per hour capacity unit for installation into a proof-of-concept preparation
plant,

1t is very difficult to select one winner from all the participants. Any advanced
technology being tested can and will at a given time produce values better and worse
than have been reported in this text. Therefore, a means was determined to select a
device based upon the results of this round robin report,

A1l of the technical and economic results were submitted to the TST for consideration.
The TST members evaluated the data and determined to rank each of the participants 50%
on technical merit and 650% on economic merit. The technical merit was to be the
efficiency index. The economical merit was to be the annual dollars per ton of clean
coal corrected for carrying capacity and frother concentration and the results of Test
#4, This factor does not penalize a particular technology for not meeting a 90%
pyriti¢ sulfur rejection and therefore leaves something to be desired as the only
economic basis for decision.

For the above reason ICF KE determined .a second economic evaluation criteria was
required that considered the $/ton of sulfur dioxide removed. This value was
calculated and also presented.

The technical and economic factors were calculated and added together for the final
evaluation ranking. The technical factor was calculated by multiplying the efficiency
index for each participant by 0.5, The two economic factors were calculated by
dividing 1,000 by the $/ton of clean coal and multiplying by 0.5 and by dividing 10,000
by the $/ton of sulfur dioxide removed and multiply by 0.5. The 1,000 and 10,000 are
numbers selected such that when divided by their economic factors, respective numbers
;eg#1ted in a two digit number. The results of these calculations are shown 1in
able 5.1

ICF Kt recommends that both economic factors be utilized to select an advanced
fiotation device to be tested at the 100#/hr feed rate. Therefore, ICF KE recommends
testing Michigan Tech and Center for Applied Energy Research.

The reasons for testing both of these units are based on the Round Robin Test Results,
Michigan Tech reported values that were better than the release analysis curve. The
opinion is that results better than the release curve are not possible. Therefore
larger scale testing is recommended to verify this technology. Additionally, a problem
was discovered with the Center for Applied Energy Research scale~up results involving
the amount of air volume required. In order to determine whether or not this is
incorrect, larger scale testing is recommended.

ICF KE gave an opportunity for each of the participants to review a draft copy of this
topical report. Included in the draft copy was a ranking system that was not
acceptable to the replying participants. = Therefore, the TST reevaluated the ranking
system and replaced the draft system with the ranking system included in this report.
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A copy of the letter mailed to each of the participants requesting their comments and
the comments of the three participants who replied are included in Appendix II. These
comments were taken into consideration for this report. Those comments acceptable to
the TST were included - such as the ranking system. These comments not acceptable to
the TST were not included - such as comments concerning carrying capacity.
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DISCLAIMIR

Reference in this paper to any specific commercial product, process, or service is to

facilitate understanding and does not necessarily imply its endorsement or favoring by

the United States Department of Energy, ICF Kaiser Engineers, Inc., Consolidation Coal
Company, Babcock and Wilcox, and Virginia Polytechnic Institute and State University.
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ICF KAISER
ENGINEERS

ICF KAISER ENGINEERS. INC.

FOUR GATEWAY CENTER. 127H FLOOR
PITTSAURGH, PENNSYLVANIA 18222
412/281-8121

January 17, 1990

Reference: ICF Kaiser Engineers’ Number 88107-150
Round Robin Test #4 ‘
Capital and Operating Cost Evaluation

Dear Sir:

The Technical Advisory Committee (TAC) has requested ICF Kaiser Engineers
(ICF KE) to prepare capital costs and operating costs for each participants
flotation scheme.

In order to prepare an accurate estimate of capital costs and address some
concerns of the participants, ICF KE requests that each participant prepare a
flowsheet for their pariicular Test #4 scheme. The flowsheet is to be based on
processing 20 tons per hour of precleaned coal. The precleaned cual will be
ground to minus 325 mesh and diluted to 10 percent solids by weight.

Your flowsheet is to be based on the above and your parameters for your Test #4.
The flowsheet should indicate mass and water balance for the flotation process
only, i.e. no dewatering equipment is to be {included. The flowsheet is to
further indicate a1l outside utilities required for your process i.e. compressed
air cfm, wash water gpm, reagent dosages etc.

Your capital cost for flowsheet is to include all major equipment i.e, flotation
machine(s), air compressor, slurry pumps, etc.

ICF KE requires that you supply the capital cost of your flotation device and
an itemized 1ist and cost of all additional equipment required to operate your
flotation circuit, If you require instrumentation to properly operate your
flotation device, include a 1isting of this instrumentation and the costs. (Do
not include control panels, computers, PLC, etc.)

The operating costs for your flowscheme will be prepared based on, but not
limited to, power consumption, reagent costs and water costs,
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ICF KAISER
ENGINEERS

Page 2

" The participant is further requested to supply the overall dimensions of the

20TPH flotation device on a drawing of the device suitable for including 1into
the final report of the round robin results. o o

If you have any qUéstionS and/or comments, please contact the writer‘at your
convenience. ICF KE requests that you return this information no Tater than
January 31, 1990. Thank you for your cooperation in this matter,

- VYery tru]y yours,

1CF KAISER ZNGINEERS, INC.

. - P
. L \ - \ )
ug_g. A DS B SRR

NDave D. Ferris
Project Technical Director

DDF/bam

427/7B12/017 /90
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ICF KAISER ENGINEERS. INC
FOUR GATEWAY CENTER, 12TH FLOOR -
PITTSBURGH. PENNSYLVANIA 15222
. a12/281-8121
88107-150

April 6, 1990

Referenée: Topical Report #2 - Round Robin Test Results for
DOE Contract Number DE-AC22-88PC88881
ICF Kaiser Engineers Number 88107-150

Dear

Please find enclosed a draft copy of the Round Robin Test Results for Advanced
Flotation for your information. This report will be presented and discussed at.
a meet1ng of the Technical Advisory Committee on April 17, 1990.

After the meet1ng, the conclusions will be incorporated into the final report
to be submitted to the Department of Energy. This will fulfill a subtask for
the above referenced contract. ‘

Please review the enclosed report and comment on the report no later than April
16, 1990. Your comments are to be limited to your device only. Any comments
related to other participants will be edited out of your comments. You may
comment on methods of evaluation and state any improvements to your particular
advanced flotation device. Your comments, less any edited material, will be
incorporated as an appendix to the report submitted to DOE.

Very truly yours,

j::)o*yxvjx> Ve

Dave D. Ferris
Project Technical Director

DDF/mah

Enclncure

168/1B09.DDF
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~Michigan Techn'ologlcal Un‘lvcrslty

Houghton, Michlgan 49931

L O A L 8 T SRR SRS RO S L R

Institute of Materlals Processing
906/487-2600
FAX: 806/487-2921

April 16, 1990

Dave D. Ferris

Project Technical Director .
ICF Kaiser Engineers, Inc.

Four Gateway Center, 12th Floor
Pittsburgh, PA 15222

Reference: Topical Report #2 - Round Robin Test Results for
DOE Contract Number DE-AC22-88PC88881
ICF Kelser Engineers Number 88107-150

Dear Dave:

Thank you for the draft copy of the Round Robin Test Results for
Advanced Flotation. We have carefully reviewed the report and have a few
comments on methods of evaluation. Please find our comments in the

attachment.

I1f you have any questions, please do not hesitate to call me or David
Yang. Ve are very glad to have the opportun;ty to work with your company.

inTj:el R
’ A

Y-‘\;}gg (
ogra nager ) [Minerals
and Solid Waste Processing Group

"JYH/tea

Enclosure

Michigan Technologlcal University is an equal opportunity uducational institution/equal opportunity employer
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MTU COMMENTS
(04/16/90)

Reference: Topical Report #2 - Round Robin Test Results for

DOE Contract Number DE-AC22-88PC88881
ICF Kaiser Engineers Number 88107-150

‘Technical Evaluations

'The objective of this study is to determine the most efficient,

cost effective flotation cell for obtaining maximum amount of BTU
recovery and maximum amount of pyritic sulfur rejection for a given
coal at a given particle size distribution. The separation
efficiency (= BTU recovery - (100 - Pyrite Rejection)) is the
parameter designed to evaluate the technical efficiency. We
believe that this parameter should be utilized as the sole basis
for the technical evaluation.

BTU recovery and pyrite rejection have been counted in the »
separation efficiency. They should not be evaluated as independent
parameter. If for any reason they need to be considered, the
weight ratio of these parameters should not be equal to the
separation efficiency.

The weight I recovery of coal becomes a parameter to penalize good
coal cleaning processes in the technical evaluation. The same is
true for the BTU recovery parameter if it stands alone. A process
without cleaning the coal will obtain the best score because it

.gets 1001 weight recovery and 1002 BTU recovery.

If the technical evaluation needs to include any parameter other
than the separation efficiency, we suggest to select from the
parameters such as the ash separation efficiency, pyrite content,
ash content, and BTU value of tHe clean coal. ‘

We suggest that all tests should be considered in the evaluation to
obtain balanced comparison. A good flotation device should be able
to function consistently well under various conditions as the coal
industry requires. The use of Test #4, but excluding Test #1 thru
#3, as the basis for comparison may not provide a complete
evaluation. We believe that the results of Tests #1 thru #3 (or
#4) may be combined to provide an independent technical evaluation
parameter. ' ‘

Economic Evaluations

a.

All of the four economic evaluation parameters are calculated or
utilized to punish good coal cleaning processes. Without any coal
cleaning treatment, one can obtain the best score for each
parameter because the cost is zero. We certainly believe that this
is not the intention of this evaluation and suggest to design a
more appropriate economic evaluation system.



Cleaned coal will observe the benefits on transportation, power
plant ash collection and disposal, and flue gas desulfurization
treatment, etc. These benefits are the most important economic
driving force for coal cleaning. However, they are not recognized
in any of the economic evaluation parameters. According to the
calculations shown in the Appendix I, these benefits are all
assumed to be of no economic value.

We suggest to use the balance between the total costs and total

- benefits to evaluate the economics of various processes.

The flotation plant installation cost is assumed to be about‘s
times of the capital cost of the flotation device (see p. 53, 3rd

paragraph). High capital cost device usually has considered all

the variables already and requires much less efforts in
installation, testing, and operation. We suggest to use a more
reasonable factor for high capital cost device. 1In addition, we
suggest to exclude the capital cost factor from the operation and
maintenance cost parameter and the other parameters if the capital
cost stands by itself as a parameter. We believe that high capital
device should not be punished in every economic evaluation
parameter.

Overall Considerations

As we discussed earlier, the separation efficiency should be the sole
basis for technical evaluation. The MTU process should be ranked first
with this approach. When the benefits of cleaning are considered in
the economic evaluations, the MTU process shall also become the first
ranked. Thus, the MTU process should be ranked first overall.
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COLLEGE OF ENGINEERING

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY

VIRGINIA CENTER FOR COAL AND MINERALS PROCESSING  (703) 231-4508 TELEX: (910) 333-1861 fax: (703) 231-4070
‘ Blacksburg, Virginia 24061-0239

April 16, 1990

Mr. David Ferris

ICF Kaiser Engineers, Inc.

4 Gateway Center

12th Floor : .
Pittsburgh, Pennsylvania 15222

Dear My, Ferris:

Per your letter dated April 6, 1990, please find below our comments to be
included in the appendix of the final report on the round-robin test program.
The comments are hroken up into two areas; changes in the technical and
economic information pertaining to the VPI&SU column flotation process, and
comments on the evaluation procedure used in ranking the various advanced
flotation technologies. Per your instructions, we have avoided comments on
advanced flotation technologies other than our own. We have also included
copies of the final release analysis curves which have been revised to reflect
the linearized Btu values which were included in your final report. In this
way, all of the reported Btu recoveries and the release curves are based on a
consistent set of data. These release curves also include the error bar for
the pyritic sulfur and total sulfur measurements.

Technical and Economic Changes

After analyzing the technical and economic data which you provided, we
would Tike to point out a few discrepancies in the information related to
VPI&SU which we would 1ike to correct. Based on an area scale-up of aeration
rate from the test number 4 data reported by VPI&SU, it appears that. we
suggested an oversized compressor. If we scale-up exactly from our laboratory

“data, we require 304 CFM which means our economics should be based on one 300
CFM compressor rather than a 500 CFM compressor.

In terms of the equipment costs, it appears that our column cost can be
reduced based on our most recent information. As you know, at the time that
we provided our equipment specifications, we were still conducting our first
major in-plant test on a large-scale column. Based on the data we have now
collected, it seems that we were overly conservative on our estimate of the
pump size. After conducting considerable test work with 3-4 inch in-1ine
bubble generators, it now appears that a 30 HP pump will be more than
sufficient for an eight-foot diameter column. Thus, the overall cost for
thrge VPI&SU columns, including pumps and instrumentation, should be reduced
to $180,000.



Finally, in evaluating the oEerat1ng costs for each process, we noticed
how far out of 1ine the high frother consumption was for the VPI&SU column.
Realizing that the round-robin test program 1s now comﬁlete, we decided to run
an additional set of tests for our own benefit using the same sample and the
same grind as in Test No. 4 to see if we could operate at a lower frother
dosage and a higher kerosene dosage. It appears that we may have been using
excess frother as an expensive collector in our previous test. The data from
these tests are included for your information. We realize that you may not be
able to include these results in the economic evaluation; however, it does
show that we can obtain an 86% Btu recovery with an 81% pyritic sulfur
rejection using 1.6 1b/ton of Dowfroth M150 and 3 1b/ton of kerosene.

" Evaluation Procedure

We were a bit dismayed to see our names on the draft version of the final
report on the round-robin test program which was sent to all participants.
This was particularly unsettling since we did not have a chance to see or
comment on the final version of the evaluation procedure selected.
Furthermore, the appearance of our names on the cover sheet of this report
would tend to indicate that we agree with all the conclusions and statements
made in this report, which is definitely not true.

First of all, the evaluation procedure is seriously flawed. Out of the
eight criteria used to evaluate each process, four are weighted toward yield.
These four are weight recovery, Btu recovery, efficiency index, and $/CC ton.
Furthermore, three out of the four criteria for the technical evaluation are
based on yield. Only two out of eight criteria are weighted toward sulfur
rejection. These are pyritic sulfur rejection and $/Ton §0, removed. As a
result of the heavy weighting toward yield, any process which produces a high
yield, regardless of the amount of sulfur rejection, does very well. For
example, if a plipe was connected to the feed stream so that the entire stream
was E1aced into the final product without separation, it would finish second
‘as shown below.

Evaluation Including Pipe

PARTICIPANT EE%I&ESH ET|YIELD| SUB|O&M CAPITAL}$/T CC{$/T SO, | SUB| TOT| RANK
ALLMINERAL | 4 6 6 2 |2.25/5 4 4 6 [2.37)4.62] 6
AR | 2 4 2 3 |1.38)2 3 2 1 |1.00{2.38] 1
occl |6 5 5 4 [250/3 5 3 5 |2.00/4.50| 5
1ses | 5 3 3 5 [2.0006 2 5 4 |2.12(4.12] 4
oo | 3 2 1 6 |1so[4 1 6 3 [2.50[4.00] 3
Ly | 71 4 7 2377 6 72 |2.75(5.12] 7
PIPE | 17 7 1 20001 1 17 [1.25(3.25] 2




If we included a process which can meet the DOE objective of 90 % Btu recovery
and 90 % pyritic sulfur rejection, it would have finished only third in terms

Evaluation Including 90-90

of technical performance.

BTUlSUL |
PARTICIPANT |REC|{REJ| EI|YIELD
ALIMINERAL |3 7 7 1
CAR |1 5 3 2
pcct | 5 6 6 3
1s6s |4 4 4 4
m | 2 3 1 5
vPrasy | 7 2 5 71
00-90 | 6 1 2 6

In order

technical per

SuB

- - - -

2.25

- -

1.38

- - - -

2.50

2.00

1.38

- -

2.62

-

1088

-

SUB

- -

TOT

- -

0&M|CAPITAL|$/T CC|$/T S0y RANK

--------------------------

-------------------------- I I B

-------------------------- LN R

-------------------------- e

--------------------------- - | -

D . I I I P A R I I I | ----

-------------------------- R B

-------------------------- D R

to evaluate all processes fairly, one should begin by looking at

formance.

Assuming that all test data are coilected at steady-
state, then all of the processes fall on the same grade-recovery curve

(1.e.,

the release analysis curve) as discussed in our reports dated 2-8-90, 2-19-90,
3-5-90 and 3-26-90, and 1t is immaterial to carry out a technical evaluation

based on grad
of achieving

e and recovery.
the same result.

In other words, all of the processes are capable
Therefore, the economic evaluation should E

based on the same yield for all participants,
evaluation, however, it 1s important to consider several other factors.

e
In conducting this economic
For

instance, are the economic numbers based on steady-state data, how accurately
have the parties involved been able to predict scale-up from laboratory data,
how will each system operate over the long-term (i.e., can control be
maintained, will the bubble generation system be susceptible to plugging,

etc.).

These are all very important factors since economic values based on

non-steady-state data or improperly scaled equipment are meaningless.

I hope you find this information and analysis useful.

Please feel free

to contact us if you have any questions concerning our comments or the data

enclosed.

Sincerely,

r§§;~HO;;j200n )

L 1 Adef

Greg T. Adel

Gerald H. Luttrel
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FEED
Ash (%)
Total Sulfur (%)

Pyritic Sulfur (%)

PRODUCT

Ash (%)
Total Sulfur (%)
Pyritic Sulfur (%)

REFUSE
Ash (%)

Total Sulfur (%)
Pyritic Sulfur (%)

OVERALL

Retention Time (min)

Yield (%)

. Btu Recovery (%)

Ash Rejection (%)

Sulfur Rejection (%)

Pyritic S. Rejection (%)

Test 5.1

12,40
(12.53)

4.26

(4.15)

2.92
(ke )

3.50
(3.50)

2.10
(2.10)

0.61

(****)

32.02
(32.02)

9.02
(7.69)

8.01
(ko)

5.8

- (6.1)

68.8
(68.8)

77.6
(77.6)

80.6
(80.6)

66.1
(56.3)

85.6

(****)

Separation Efficiency (%) 63.2

(****)

VPI&SU
Test 5.2

12.40

(12,53)

4,26
(4.15)

2.92

(****)

3.79
(3.79)

2.19
(2.19)

0.71
(k)

32.94
(32.94)

9,20
(7.82)

8.20
(Fkk)

(54.2)

(****)

61.9

(****)

Test 5.3

12.40
(12.53)

4.26
(4.15)

2,92
(Hekkk)

4.05
(4.05)

2.20
(2.20)

0,73

(****)

40.04
(40.04)

11.08
(9.28)

10.17

(****)

Test 5.4

12.40
(12.53)

4,26
(4.15)

2.92

(****)

3.58
(3.58)

2.07
(2.07)

0.58
(FHkk)

41.88
(41.88)

11.58
( 9.72)

10.74
(Kkkk)



FEED
Pulp Flow (ml/min)

Water Flow (m1/min)
Soiids Flow (g/min)
% Solids

PRODUCT |
Pulp Flow (m1/min)

Water Flow (ml/min)
Solids Flow (g/min)
% Solids

REFUSE

~ Pulp Flow (m1/min)

Water Flow (m1/min)
Solids Flow (g/min)
%‘So]ids

WASH WATER
Water Flow (ml/min}

OVERALL |
Pulp Volume (ml)
Retention Time (min)

Test 1

74
(***)

66
(kek)

7.3
(k)

500
(500)

2984

VPISU
Test 2

77
(Hkk)

69
(%)

2779

5.7
(5.1)

Test 3

102
(***)

92
(Hk)

1001

(****)

500
(500)

2984

Test 4

(42)

10.6
(12.1)

518
(419)

517
(418)

———
Pt P
—

i P
oo
w W
—

500
(500)

2984
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Test Number
GEOMETRY

Height (in)
Diameter (1in)

Slurry Feed Point (in)
Wash Water Addition Point (1in)

Froth Height (in)
Pulp Height (in)

Baffles Spacing (in)

CONDITIONS

Wash Water Rate (GPM)

Air Flow Rate (CFM)

Feed Slurry Rate (GPM)

Feed % Solids (Wt)
Feed STurry pH

Feed Particle Size (d50)

Air Hold-Up

Retention Time (min)

REAGENTS

Collector Name

Collector Rate (1b/ton)

Frother Name

Frother Rate (1b/ton)

Modifier Name
Modifier Rate

5.1

78
2

?

?
20
58
N/A

0.13

0.036
0.020

9.9
7.8

Same as 1in

7
5.8

Kerosene

3
M150
2.2
N/A
N/A

2

Kerosene
3 *
M150

2.1

N/A

N/A

5.3 5.4
78 78
2 2

? ?

? ?
20 20
58 58
N/A N/A

0,132 0.132

0.049 0,036
0.027 0.017
9.9 9.9
7.8 7.8
in Test No., 4

? ?

5.4 5.8

Kerosene Kerosene

3 3
M150 M150
1.6 3.2
N/A N/A
N/A N/A

* Frother added in with feed rather than in bubble generation circuit.
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‘The Deister Concenimtor Company, Inc.

PO. Box 1- 901 Glasgow Avenue Fort Wayne, Indiana 46801
(219) 424-5128 - Telex 23-2428 : Facslmlle No. (219) 420-3252 - Cable RETSIED

April 27,1990
Mr. Dave D. Ferris
ICF KAISER ENGINEERS, INC
Four Gateway Center,l2th Floor
‘Pittsburgh, Pannsylvania 15222

Reference: Commants For:Topical Heport #2-Aound Robin Test Hesults
DOE Contract Number DE-AC22-88PC88881
ICF Kaiser Engineers Number 88107-150

Dear Mr. Ferris:

Please let D51ster know if we must submit these comments
separately to DOE at this late date. I did not receive the
preliminary draft till after the deadline date.

Comments For COE .
Capital eguipment costs for The Uelister Loncentrator Go.,Inc. column plant

were increased by 3 times by the evaluation committee. When multiplying
equipment costs bty 3 times to obtain preparation plant capital costs, =

9 times factor is imposed on the Deister installation. The number of

Deister colummns required to process 20 TPH raw coal was increased by the
evaluation committee fFrom 1 to 3 claiming that froth loading of 0.344 TPH/FtS
must be reduced to 0.115 TPH/FtZ. Two(2) patented features of Deister

Columns, center froth crowders and radial revolving froth removal blades,

allows 051ster columns to operate efficiently at froth: loadings of up to
0.5 TPH/FtC, Indeed, this increased froth loading over other advanced
flotation process technology is an essential part of the DBeister column
improved ash and sulfur removal as well as increased froth % Solids to
minimize downstream dewatering costs. Deister has commercial columns.
operating successfully at 0.425 TPH/FtZ. Correction.of this erroneous
equipment addition changes Deister's rating for ecomomic parameters from

., 4th place to lst place.

Technical parameter performance, The Deister Concentrator Co.,Inc. used resuylt

for standard grind and standard chemical conditions from Test #1 to be

the same for Test #4 without changing grind and chemical conditions. Yet,
Table 3.7,pg.48 lists Deister BTU recovery at 98.6% for Test 1 while a
typographic error relists Deister BTU Recovery at 94.61% for Test 4,Table3.9,
pg.51. Correction of this typographic error changes Dexstah s rating for
BTU recovery from 5th place to 1st place.

Total Performnance - Correction of the capital cost error and correction

of the typographic perfaormance error gives Deister a 1.7850 technical
performance index and a 0.500 economical performance index for an overall
performance index of 2.250- the best of all.

Second place contender would have an overall index of 2.375.

Very truly yours,
T E DEIbTEH AONCENTRATOR CO, INC

r11n Ch1eF

ne
ssing Englneer

nr\hm'lH E. Zi
Mineral Pro

~ Equipment Manufacturers for Separating and Sizing of Material Since 1906

APR 3 0 1990
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| T

PERFORMANCE PARAMETER |
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TABLE 3.9
FLOTATION PERFORMANCE RESULTS PHASE 2

| AL M |

g

o

ER

.o

e

88

ON

885

*m

]y

oo

8=

PERARMANCE PARMETER | 34 | 4 |

28 |2
88 |22
8 |
B8 | e
g8 |22
88|85 |
g8 |52
.SE §§'§
S
®
N

BILMAT

:

TOTAL SWLFR %

NUTE 1 STACKED CORRUGATED PLATES ARRANGED IN BLOCK POSTTION AT RIGHT ANGLES 1O FACH OTH
NOTE 2 MONTANCL 551 F2 THIS IS FROTHER AND COLLECTUR COMBINATION

o map

NOTE 5 ND. 2 FUEL OIL

NOTE 6 PINE OIL

9.76
8.52

16.78 | 17.20 | 11.19 | 15.29 | 15.04 | 8.

REFORTED | 6895 | 2562 | 2440

3700 | 4120 | 9057 |-

61 | 95.64 | 95.56 | 80.33

5149

3.77 | 17.78 | 11.58 | 12.
S5.83 | 15.50 | 14.25 | 14.

20.89 | 18.68 | 13.33 | 15.1S | 16.47

12.

53.95 | 68.60 | T7.37 | 63.52 | 69.95 | 82.62 | 68.89

95.94 | 99.44 | 97.71 |
PYRITIC SULFUR REJECTION | 58.02 | 69.16 | 79.66 | 63.91 | 74.32 | 86.06 | 88.56

BILMAT | 14.70

REPORTED | 14.20

BILMAT | 10.50 | 11.

REFORTED | 10.51

REPORTED | 12350 | 12412 | 12506 | 12335 | 12389 | 12420 | 12506
CALONATED | 13268 ( 13786 | 13788 | 13614 | 13809 | 14236 | 14088
REPURTED | 13424 | 140682 | 14110 | 14160 14322 | 13824 | 14333

CLEAN COAL

WEIGHT %

REPORTED | 12.67

© CALONLATED | 12378 | 12339 | 12347 | 12317 | 12331 | 12340 | 12277

PYRITIC SULFUR * BILMAT

TOTAL SULFUR %

PYRITIC SULFUR & BIIMAT | 13.04 | 13.
1

TOTAL SILAR %

RTU RECVERY

EFFICIENCY

ASH x
WEIGHT %
ASH X

I
W
—
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