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gorrelation of data for the several test perivds shows a definite relationship
petween percent carbon gasified and temperature measurcd at the immer wall of the
gasification retort, In figure l& carbon gasified is plotted as a function of inner
tube temperature oppeosite point A (see retort dlagram, fig. 2, for location of meas-
urement positions). Relationship between carbon gasified and inner tube temperatura
opposite point B, also in the Jower section of the gasificatiom retort, was similar.

the demonstrated relationship hetween carbon gasified and inner tube tempera-
ture in the lower part of the gasification retort provides a clear indication that
a heat transfer effect is controlling gasificatien rate. Low percent gasification
corresponds to low imner tube tcmperatures; that is, to relatively poor heat trans-
fer tc the imner portion of the gasification retort. That the observed changes are
mecessarily related to heat tramsfer is evident from the type of relaticnship found.
1f the changes were primarily assocciated with differences in lignite reactionm rate
ot reactivity for the several test periods and heat transfer characteristics ware
gimilar, then temperature at the inner wall would be lower for higher percent gasi-
fication - since the principal reactions Lnvolved are endothermic, The ¢orrespond-
ence between high percent gasification and high temperature at the inner wall dem-
onstrates that heat transfer te inner portions of the retort is the controlling
factor.

Ash Deposits on Alluy Tube

The wide variation in carbon gasification during the several test periods of
run 17 provides evidence of corresponding variation in heat transfer praperties.
From the asvailable data, it appears that an important primary factor affecting heat
transfer during the run was development of ash deposits on the alloy tube.

The total quantity of ash depasits on the alloy tube after each run of the
present series was given in table 8, Quantity of ash attached to the azlloy tube
after run 17 was 109 pounds, or about twicc that found in other runs of this series
and in runs 11 through 13 (3).

Inner tube temperature in the lower part of the retort, opposite points A and
B (see fig, 2}, was measured for the £irst time in runs 15 through 17. Evidence on
buildup of ash deposits during tun 17 and a probable explavation of the primary
trend in the gasification data is provided by the observed trend in inmer tube tem-
perature as the rum progressed.

Tnner tube temperature opposite point A during run 17 is plotted versus time
of run in figure 15. In general, as would be expected, test pericds at higher lig-
_ nite feed rate show a lower inner tube temperature, at approximately equal time of
. T, However, the effect of time of run on inner tube temperature substantially
. @xceeds that of lignite feed rate and within the apparent precision of the data all
. the points may he reprecented by a single curve,

_ The results for change of inner tube temperaturc with time of run show a defi-
_ nite trend of decrease in inmer tube tewperature with time in the first part of the
- Tun, up to about 20 days of operation, In the lattex part of the run, there is a
leveling off in inner tube temperature.

1 The obscrved chanse in inner tube temperature with tiwe, as eshown in figure 15,
.0; believed to correspond tov gradual building up of ash depeosits on the inner wall
o the alloy tube. Leveling off of inmer tube temperatura after about 20 days of
.rpﬁratinn corresponds, in the same basis, to maximum buildup of ash deposits,
Teaching approximately a steady-state condition.



44

PERGENT

CARBCN GASLFIED,

Nomingl combustion wpdcy fampacatures
Tharmocaupls Ha, Tamp *F
L 1525
2q F 1900 .
+ 1800
Yatol mater ovallabla i
15=17 paund par paund al M AE ligmte :
i
' = .
ac
¥n
ED —
LEGEND
Haminal Lgnastd tadd rate -——
" 459 pounds of natural lignite par hnar |
I3
@ 550 pounds of natural Ngmite par hour |
| |
=10 —
By [1+-1+) 1200 [§:3-1=] 3on

INNER TUBE TiMPFRATURE UPPOSITE

Ay

L

Figure 14. - Carbon gasification as o function of inner tube temperature.




45

/1 ufd ‘aung yim ainjoiadway aqn} Buul §o abuny) - "G1 anb1

SAYD 'NNY H0 JWEL

L]
ol
- ON gon

ynpy 1ed equblp qoangau e Tpunad OGE 0

~nay aed sppublp (RAREU Jo tpunad QCp Av

“rimd paey wpulyp ouwdN

‘ . aNIos3T
. o3t

n z
¢ ;
m
¢ :
<
X .
0 o :
ool
x
el
m
o
[
-
(=
i
m
| =]
]
]
* o
& ozt 2
T L a3
N m
-
-
m

‘appubn Iy WO go puncd aed aunad 271

MECEE RO ELNED

oom v
soe m_ BOEl
B g6
R ) aN ajdnovawIkg )

T UG IRAQUSd  Samin

snunjpladwsy #30 —
i f’ — .




46

The total amount of ash deposition (table 8) and the indicated reduction in
gagification rate owing to ash depasit formation in run 17 are gubstantially larger
than for previous runs of this ceries or earlier gasification tests (3, 4y,

Combustion~-space temperatures in rum 17 were egqual to the highest temperatures
that had been used operating the alloy-tube gasification retort. In addition, com-
bustion=-space temperatures were maintained constant at this same distribution
throughout the rum. Both the high temperature and constancy of temperature could

contribute to the formation of permanently attached ash deposits.

Another [actor that may be related to ash-deposit formation is ash fusibility
of the lignite, as charged. Dakota Star lignite, used in most of the gasification
experiments, has & relatively high ash fusibility, However, several of the lignites
used in the early part of run 17 had lower ash fusibilities, with initial deforma-
tion temperatures ranging down to 1,940° F¥. Ash fusibility of the lignites as
charged to the gasificx in the present series of runs is plotted in {igure 16. A
pronounced dip 1s evident for lignites tested in the latter part of run 16 and the
first several test periocds of run 17. A low ash-fusion temperature, probably in
conjunction with some contamination from the retort tube, obviously could he a con-
tributing factor in forming bonded ash deposiis resistant to heat transfer at the
tube surface. These ash deposits once formed are apparently quite permanent, at
least when combustion-space Lemperatures are held constant, in view of the evidence
in terms of leveling off of immer tube temperature in the latter part of run 17.

Effect of Lignite Size and Composition

During the period of ash buildup on the alloy tube, this phenomenon was pre-
dominant in determining gasification characteristics under operating conditions
usad in rum 17. The gasification data of run 17 can be further analyzed with regard
t0 factors affecting gasification characteristics during the latter part of the run
after buildup of ash deposits Lo approximate steady stake.

Experimental results during the latter part of run 17, after period 17-G, show
a defipite trend of vasification rate with slze of lignite fed to the retort. As in
previous runs, lignite fod to the gasifier was nominal 1-1/2- by 1/2-inch stoker
eize rescreened Lo 1-1/2- by 3/8-inch. In all runs there was some variation in size
distribution within this range. In the runs with a single lignite, rescreened
Dakota Star, average size of the lignite was in general from 0.8 te 1.0 inch. 1In
run 17, during which lignite from 7 different mines was tested, average size of the
lignite as charged to the gasifier showed 2 wider variation, ranging from 0.6 to
1.06 inches.

In figure 17, carbon gasified 1s plotted versus average size of lignite as
charged for test periods 17-G through 17-0, The results show an evident upward
trend of carbon gasified with inecrease in average size cf the lignite. In figure
17 a single curve has been drawn to Tepresent all data; however, there is also evi-
dence, as would be expected, of a separation of recsults in terms of lignite feed 3
rate., Results at each lignite feed rate, considered separately, show gnod correla~ 3§
tion and the same general trend for carbon gasified versus average size of lignite.

The effect of size of lignire on gasification is helieved to be related prima-
rily to change in heat transfer properties with size. Rate of gasification at com~
parable temperature levels may also incrcase with incredse in size, owing for ax-
ample, to reduced channeling and improved gas-[low patiein. Tn the latter part of
run 17 as elsewhere, however, the regults for carbom gasified correlate reasonably
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well with inner tube temperature (fig, 14, all data below 1,200° F.), and the trend
of the data indicales primarily a heat transfer effect.

In considering gasification results of run 17, attention was also given to
possible variation in gasificaticn characteristics wirh change in composition of the
lignites tested. Representative proximate and ultimate analyses of the seven lig-
nites gasified during run 17 were given in table 2. The range of variation in prox-
imate and ultimate analysis calculated on moisture~ and ash-free basis is swmarized
in table 12, As is typical for lignites of the north central region, differences in
ultimate composition on moisture- and ash-free basis were relatively small for the
principal components, although the sulfur content of the lignites showed a substan-
tial variation frem 0.6 to 4.3 percent. Ach coutent and composition of the ash for
lignites gasified during run 17 were listed in table 3,

TABLE 12. - Variation in cemposition of lipnites gasified
during run 17, m.a.f. basis

Range,
perCent
Component From To

Volatile matter (..., ivisvreveoveronossasa 446 49.8
Fixed carbon ........... Perarasaeraeaaan 50,2 35.4
Hydromen vttt i s enrroanrnsrnnannennnnnn 4.7 5.0
L8 B o+ o 70.0 72,7
Nitrogen ..... vaaaan freasre ety 0.8 1.3
OXF e vttt ensiieitnranacaancaaannnannn - 19.8 22.6
2 o 0.6 4.3
Heating value, B.t.u. per 1b. ..vuivuiuve,, 11,540 12,310

Analysis of the gasification data for run 17 has indicated that the main dif-
ferences in gasification characteristics may he explained in terws of changes in
. heat-transfer properties resulting from accumulation of ash deposits and, to a
" lesser extent, from change in size of lignite. As previously discussed, one factaor
* that may have contributed to ash-deposit formation is ash fusibility of the lignites
as charged to the ggsifier.

_ In general, and except for the possible effect of ash composition and fusibil-
ity, the results show no satisfactory correlation with composition of the lignites
tested. Such differcnces as may exist between the lignites are apparcatly masked by

the main trends in heat transfer behavior.

~ H2-CO Ratio of Product Gas

Compusition of the product gas expressed in terms of H2-CO ratio showed a wide
variation during run 17, from a minimum of 2.12 to a maximum of 3.92. Results in-
- dicate that H2-CO ratio of the product gas was determined primarily by the extent
of carbon gagification and the amount of unreacted steam avallable to shift the
Compasition of the product gas. In figure 18, H,;-CO0 ratic of the preduct gas during
fun 17 is plotted as a function of amount of steam leaving the gasifier per mol of
T¥ product gas, A typical correlation is indicated.

§HEE££2;9£ Factors Affecting Gasification Characteristics

1 In general, the observed differences in gasification behavior during rum 17 are
?xp @inable on the basis of heat transfer as the controlling factor. There is no
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definite evidence of differences resulting from differences in compesition of the
tignites tested.

During the period of ash buildup on the alloy tube this phenomenon was predom-
inant in determining gasification rate and carbon gasified. The apparent effect of
ash butldup on gasification capacity was greater than in previous runs. Factors
that may have contributed to ash-depeslt formation in run 17 are: (1) High and
constant combustion-space temperatures, and (2) low ash fusibility of lignites
charged in the first part of the run.

Results for the latter part of run 17, after buildup of ash deposits to approx-
imate steady state, indicate that lignite size was an important secondary factor
affecting gasification characteristics, apain apparently mainly through cifcct on
heat transfer.

H2-CO ratio of the product gas was determined by the exteant of carbon gasifi-
cation and the amount of unreacted steam available for water-gas shift.

Performance of Hetort Tubes

From the conception of the annular-retort gasification process interest has

- been contered upon the performance of the externally heated metal reactor, Because
‘this metal reactor fe a wvital part of the process equipment, successful development
of the process depended to 2 great extent upen proving by experiment that an alley
of suitable heat and corresioa resistance under process operating conditions was
obtainable economically.

Previocus reports have discussed performance of and reasons for discarding a
spray-coated (metcelized) tube, an alley-clad tube (4), and a cast HK-alloy tube
'(3). Information concerning the performance of the present rolled-plate 310-alloy
tube for 1,862 hours of operaticn has also heen presented (3). Table 13 summarizes
© operaticmal data for the varlous tubes, including the additional 2,879 hours of
.operation In rums 14 throupgh 17 with the rolled-plate tube. The 310-alloy rolled-
. plate tube has accounted for 54 percent of the total time the plant has been oper-
-ated and has been uscd in producing 60 percent of the total gas made during develop-
ment of the process.

Deformation of 310-Alloy Tube

In the last progress report (3), measurements of the reaction tube after each
run were presented in detail. On the basis of the information available at that
time, some concern was expressed that progressive deformation or creep of the tube
At the relatively high operating temperatures night 1limit useful life more tham
chemical corrosion. Ageain after each run in the present geries, as a continuing
check con deformation, eight radial measurements were made at l-foot intervals over
the lengih of the tube. Data from runs 14 through 17 are presented in figurc 19
and compared with the original measurements. The horizontal scale on this plot is
Ereatly exaggerated to show the deformation. The results show that additional de-
formation during runs 14 through 17 was relatively small, Maximm deviation from
the original 24-1/4-inch radius was + 26/32 and - 22/32-inch, which, particularly
for Lhe positive deviation, was nearly the same as observed during runs 11, 12, and
13 (3). 1t should be noted that the variationms in length of radii did not in gen-
®Tal show a consistent trend with increase in time heated during runs 14 through
.1?,_1ndicating that deformation was not necessarily progressive.
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TABLE 13, - Summary of operation using various reaction tubes
Time Liguite Gas
Retortl/ Date operated,| processed, | produced
Run No. tube From To hours2/ tons M cu.ft.éf

Prelim. through 10,.1,2,3,4 2-27=45 1-21-49 3,910 4/761.9 33,228
11 through

5 S 5 5= 4-49 | 12-18-49 1,862 5/421.8 20,042

14 i 5 8- 1-30 9~ 2-50 8062 185.,2 8,220

1 T 5 1l- &-30 | 11-27-50 466 129.0 4,874

16 coveninnanens, 5 4-20-511 5-=16-51 637 153.1 6,965

1 5 8-11-51 ¢ 9-20-31 974 219,2 14,261

Subtotal .......,... 5 4,741 1,108.3 50,362

Total &occueiaunnnn. 2-27=45 9-20-51 §,651 1,870.2 23,590

1/ 1 - Spray-coatad {metcolized) tube; 2 - alloy-clad tube;

T 3 - reconditioned a2lloy-clad tube; 4 = cast HK alloy tube;
5 -~ 310 alloy rolled-plate tube,

2/ Time to nearest hour from lighting to closing of burners.

.3/ Gas measured, 60° F., 30 inches Hg, saturated.

4/ Includes 7.6 tons of char.

'5/ Includes 85.1 tons of steam-dried lignite.

The most noticeable deformation is the "nick™ occurring at the 18.5-foot level
measured from the flanged end of the tube, This nick first became apparent after run
13 during which the gasifier was opcrated at falzrly high temperatures. ‘“his indenta-
. tion is no greater than the deformation occurring at the ll-foot level, but it oc-
curs rather abruptly and is easily visible., The 18.5-foot lavel is located opposite
the first row of 6 burners where the combustion-space temperature is the highest,
Within 2 feet toward the lower end of the tube the temperature has dropped approxi-
mately £00-1,000° F., thermally stressing the rube., The supporting brickwork for
the bottom ¢f the combustion space near the 19-foot level conforms closely to the
‘tube and in conjunction with adjacent spacer bars on the inner tube may have imposed
lateral stresses to start the observed deformation, Spacer bars on the inmer Lube
at this level were remaoved afrer run 14 (see fig. 2). Also with the continuous an-
Dulus arrangement used aftexr run 14, the gas offtake was lowered, maintaining higher
temperatures below the level of the supporting brickwork.

From rung 14 to 17, the nick did not change greatly in character from run fo

v Tun but did show a progressive tendency to increase in depth aleng certain axes
(fig, 19). This further deformation appears to correspond to a compression effect,
In cach of these runs, support of the tube was arranged to give zexro sirain at ono-
third tyhe height as standard procedure. Adjustuent to zero strain at one-third
tube height left a substantial welght, about 1,300 pounds, for compressicn at the
18.5-foor level. It seems probable that the observed deformarion at the 18.5=fo0t

evel could be arrested by lowering the point of neutral strain to that level,

Corrosion of 310-Alloy Tube

Previously, visual inspectiion and measurement of depth of corrosion pits on
! the 2lloy reaction tube after 1,862 hours of operation had indicated that chemiecal
. 3ftack either on inside or outside of the wall was not seriocus (3). Careful ob-
*ervation of the corxesicn deposits and pits after each run for a total additional
PPerating time of 2,879 hours during rums 14 through 17 further strengthencd this
Ylewpoint as no appreciable increagse could be noted.




The possibility of removing chromium and nickel with the gasification residue
or char was considered, MNeither nickel nor chromium could be detected in the char
by conventional analytical methods. Low percentages of chromium and nickel were
found, however, in the ash deposits adhering to the lower section of the tube wall
after each run. Concentrations and total amounts of chromlum and nickel in the agh:
deposits removed from the tube wall after runs 1L through 17 are listed in table 14
Total weicht of chromium removed in the ash deposits for the 7 runs covering 4,741
hours of operatiom was 6.39 pounds. Total nickel removed was 1.64 pounds.

A rough estimate of the useful tube life with respect to nickel and chromium
losses can be made based on the average rate of loss of these censtituents during
runs 11 through 17 and on the conservative assumption that a removal of 10 perecent
of either matal could be tolerated from the lower third of the reaction tube where
the ash deposits were concentrated, On this basis, useful tube life with respect
to chromiun less would be 33,000 hours and useful life with respact te leoss of
nickel would be 110,000 hours.

TABLE 14, - Chrowlum and nickel in ash deposiits removed
from alloy tube, runs 11 through 17

Constituentl/ Weight of constituent
in deposit, percent | removed with deposit, pounds

Run No. | Chromium ! Nickel Chromium Nickel
11 .... 1,51 0.71 G.90 0.42
12 ..., 1,85 24 .93 .12
13 .... 4.31 .31 2.28 .16
4 ... 1.16 .39 . B0 .20
13 ..., 1.23 A7 .87 .33
16 ... .82 .16 .28 .06
17 .... 48 .32 .52 .35
Total.. 6.39 1.64

l} Percentagze by weight of constituent in deposit rewoved
from inmer gurface of alloy reaction tube after
zach run,

1t can be assumed that as a result of the intermittent uvperation of the gasifa-
cation unit and careful removal of the deposits after each run exposing a fresh surg
face to attack, losses ol chromiwm and nickel indicatad are greater than would occil
during continuous operation over a similar period. -

The outside of the 310-alloy tube showed no corrosion from products of combusy
tion during the 4,741 hours that the tube was in use. The outer surface was dis- ¥
colored with a dark-greenish tinge, presumably from the formation of a thin right1y2
adhering film of chromium oxide that protectbd the wndezrlving metal. H

Fizure 20 shows the lower flama guard of 310-alloy steel after more than g,00L
hours of direct exposure to temperatures as high as 1,%30° F. Ko evidence of ex-
cessive corrosion was visible. From these cbservations it can be concluded that
310-alloy steel has enough resistance under normal combustion-side conditioms to
give indefinite tube life,

Corrcsion of Mild Steel Inner Tube

The inmer tube concentric with the alloy outer tube was fabricated frem mild
steel for reasons of low initial cost and ease of making alterations during develf
ment of the process. The outer surface of the inner tuhe was attacked somewhat by
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