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A THERMOGRA7(IME SYSTEM FOR CORROSIVE EN+@ONM&‘S 
AT HIGH P&%KJRES AND TEMPERATURES* - - 

A high-pressme. thermogravimetric analysis system based on the duPont 951 
Thermogravimetric Analyzer and the duPont 990 Thermal Analyzer has been c&- 
strutted. There are two components in the system a reactor and a gas feed system, 
The reac&or consists, 6f a StaIrzless StfXI h@l-pn?SSure en&surez, which- houses the 
balance mecbankm from the duPont 951 TGA, and an externally heated vertical_ 
reactor tube- This design provides spatial separation between the housing and.& 
&on zone to protect the baIance mechanism fkom thermal and chemical at&&. 
The gas feed system provides for blending_ f&g, and metering of up to sewn 
differentgases- 

The system is d&gned to have an operating capabiity of 60 atm and 1100°C 
with corrosive gas& such as hydrogen and hydrogen sulfide. It was proved to operate 
successfUy with ahuninide-coated stainless steeX reactor tubes for studks of the 
c&in&ion of dolomite in COJ& atmospheres and sulfklation in H,SIN, mixtures 
up to 30 atm and 85O”C_ : 

hasgreatxyill- 
creased, parti*Iy in the area of kinetic studi? of coal gasikktion r+ated reactions__ 
Dobner et at’ presented a summary of the chronology of development of high- 
pressure therni~bdances oyef the past WO decades, and dcsc&cd one of their own 
de&u_ Thti system- is a m&Wed duPont 9% TGA. Its_‘press& capabrlity.~ 
increased to 30 atm by ese$aUy enclosing the balance and fur&&‘moduk j&de a 
b&b-p&ssure+mber. The balank me&an&m is thermally protected by a-pa&&e 
cooliqcoil located OP the fkce of the baIance h&sing_ A.line carrykg‘ptige nitrogen __ 
dlrectlyto the rear of-the balanti permits positiYe flow of plz.QzJe &es at ali &es-=- 
OWeillet aL2--3 &ported a qkteti patterned &.er tde dkign of jRuth?,,-wbich.v+ 
the predeksor Of&e system de&ii by Dobner et al, capabli of p&&e$ +p fo -. 
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IO atm. Both systems have been designed for studies of gas/solid reactions involving 
sulfur~Iltaininggases_ 

In conjunction with a study of the mechanism of the H+dolomite reaction 
at bigb temperatures and pressures, a TGA system of a different deign, Capable of 
operating at pressures up to 60 atm and temperatures up to 1100°C with corrosive 
gases has been buiIt and tested_ This report describes the operation of the system and 
some of the kinetic results obtained- 

Figure 1 is a schematic draGng of the experimental system- The balance 
me&anism from the duPont 951 Thermogravimetric AnaIysis module is enclosed in 

a hiepressure housing from which hangs a long vertical reactor tube, The sample is 
suspended from one arm of the microbalance into the lower end of the reactor tube 
by a fine mire_ A furnace ~5th three independently powered windings provides a 
nzarfy aniform temperature profile in the vicinity of the sample. The gas feed system 
provides a continuous nitroam purge around the microbalaxce, and, tbron& a 
separate line, a reactant gas of chosen composition to the reactor tube_ The reactant 

r el Vmer resemoir 

i-_-l' 



187 

gas is brought to the desired operating tcmperaturc in a preheating zone packed with 
ceramic beads in the bottom quarter of the reactor tube. Hot, corrosive gases from 
the reaction zone are prevented from reaching the baiauce mechanism by the com- 
bined action of a series of baffles near the top of the reactor tube and the continuous 
nitrogen purge. 

Several intcrchangeah~ reactor t&es have been tested. Stainless steel reactor 
tubes, i iu. in on&id: diameter ~5th walls l/S in. thick, have been found adequate 
for temperatures up to 850°C and pre~ures up to 30 atm, but failed rag&y when 
exposed to temperatires in excess of 9OPC even at moderate pressures. Reactor 
tubes intended for servke above 850°C wiII ckrefore be constructed of InconeI617 
aIIoy. Both stainless steeI -and Incone reactor tubes are protected corn H2S corrosion 
by an alumide coating. Tht aIuminidccoated staini- steel reactor tube used in ti 
stidation experiments thus f a- completed shows no sign of corrosidn by H2S. 

The three-winding farce co~5cts of two vertical halves that can be separated 
for easy removal and replacement of reactor mbes. ?z?=x to the centraI winding is 
controkd by the duPont 990 Thermal AuaIyzr; while the two end &diugs are 
powered by auxi?lhy temperature controIIers. Sample tempcratum is measured by 
a calibrated thermocouple located about 3 mm below the sample. It has been pos- 
sible to obtain a zone about 8 cm long near the center of the furnace in which the 
temperature varies less than 5°C axially, The fukce can be brought up to oper- 
ating temperature in Iess than 20 ruin, and after steady--state conditions have been 
reached, the tern-ture can be maintained within 5°C for several hours. 

The gas feed system has provisions for metering and blending of up to seven 
gases. In addition, water can be fed at a controlled rate to an evaporator just upstream 
of the reactor tube by a high-pressure liquid metering pump. Reactant gas pressure 
is measured by a FWurdon tube gage to an accuracy of about lx, and gas fiow rates 
are measured by rotameters, calibrated at each pressure against a wet test meter or, 
at Iow flow rates, against a bubble meter. The two calibration methods overlap in a 
substantial range of flow rates, including most of the experimeutaily useful range 
atIowprc=ssun=s,andwithiothis~~~to~tterthan0_25%.T6egasmixture 
in the reaction zone cau be sampIed and f& to a Varian Mode1 202-C gas cbroW 
graph.Bytbismeans,the reactant gas composition can be determined to-within I %. 
&fore discharging into the atmosphere, the exit gas from the reactor passes through 
a condenser where water vapor is removed and a packed bed of ZnO extensions 
where H2S is absorbed. 

An experiment is performed as follows. A Iump of dolomite is shaped into a 
rough sphere and weighed. The sample is then suspended from the quartz arm of 
the microb&nce in a wire basket and the balance is tared. Af’er steady-state fIow 
conditions are established, the balance reading is eIectrouicaIIy corrected for buoyancy 
and drag effects. After the ~~UJWX is brou&t to the desired operakgtempemtnre, 
sample weight and tcmpcrature are continuously recorded on the X-Y recorder of 
the duPont 990 Thermal Analyzer. The sample is again weighed after the conclusion 
of the experiment and saved for fuahet &on or for stn&rai ana@&. The 
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total weight change recorded by the TGA for each M is found to agree to better 
than 0.5% with the weighing on a Stanton Model CLSD analytical balance. 

APPJ.KxTI0xs 

‘The TGA system has been used in studies of the halfkakination and subsequent 
sulfkiation of dolomite, CaMg(CO,)t, as represented by the equation 

CaMg(CO,), --, CaCO, - MgO t CO2 

CaCO, - MgO t I&S+CaS-MgOiH20+C0, 

Two naturai dolomites, both supplied by the Piker Corp., have been half- 
cakined in the TGA system; these dolomites are of &e same ,oeIogical origin as 
those designated 1337 and I341 by Bifkninous CoaJ R- h. The 1337 dolomite 
is neariy pure, having a Ca:Mg ratio of 1.025 and less than Loo% other impur@s; 
I341 dolomite has a Ca : Mg ratio of I.07 and contains about 2 % impurity, mostly 

silica and hematite. In both stones, zhe exazss Ca probably occurs as IncIusions of 
nearly pure calcite. The two materials difkr significantly in grain size. Although 
precise gain size measurements have not been made, the average graiu size of 1337 
dolomite appears to be about 30 m, while that of 1341 dolomite is about 400 p. 

Typical results of haif-calcination experiments for the twc doIomites are given 
in fig. 2 and 3. The data are shown as fractional wnvcrsion versus time for a scriw 
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Fig_4. Prqpss ofthcsIllfidaticmdon of l337dolan;tt,pmviouslyhalf!~at 73sQCin 
78 atm of ;pDo/o Co_ in nitmgcn. Row rate; 1.33 STP I/m& of I-IS/S- Fraction s&d&: fi-ztion 
ofca~convcrcedtoc2s_‘Ibe~isthatofulequivalcnt~~ 

of temperatures at 20-4 atm in a 20% CO&T, atmosphere_ It has not been possibIe, 
in general, to achieve isothermal conditions before the reaction begins; those portions 
of the mass-loss cm-vcs corresponding to this initial temperature transient were 
therefore obtained by extrapolation, and are shown as broken lines in the figures; 
Curves obtained at other pressures have similar shapes, but, at a given temperature, 
the reaction rate decreases with increasing pressure_ As the pressure is reduced, these 
curves approach those obtained previousIy by HauI and Mark& and by Hubble 
et ak6- 

Typical resuhs for suJfidation of halfcacined~ 1337 dolomite are shown in 

Fig. 4. No sulfidation experiments have as yet been made using 1341 dolomite_ The 
sampIes were half~cined at 785°C in a 20% COJ& atmosphere at 7.8 atm. When 
the ha&aicination reaction reached completion, the temperature was changed to 
the desired operating temperature, the COL was turned off and the H,S/Nt mixture 
turned on. Due to back mixing of CO, and H2S, an initial transient in gas composition 
may exist, the effect of which is being investigated. Although curves obtained under 
diExent conditions again have similar sham the rate increases with increasing 
temperature or H$ a&entration, but m with &reasing pressure, Thecurves 
are quahtatively similar to those obtained by Ruth et aL’, for suWation of a doiomire 
from the Gree&eld Formation in Ohio at atmospheric pressure in H,S,WTJCOz 
mixtures, but the reaction rate in the present case is very much lower, possiiIy due 
to dif5erences _in properties of starting doIomiW 
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Spatial separation of the balance mechanism from the reaction zone is a major 
di&reuce betwee~~ our TGA system and others for hi~pressure application in 
corrosive -gases- This feature of the design cmfines hd?, corrosive gaskeffixtively 
in the reaction zone aud permits the reactor tube to be hrated externally, Steady-state 
vahes of sampIe tempwature and of rwztant _eas pressure and composition can be 
~toanaccuracyofbettertha;ll”/,andwei_9tchangescanbedetermIned 
t0betkrth2n0-50/, 

The experimeutal system has been successfuIly operated in studies of the haff- 
cakination and sulfidation of dolomite- Tests conducted with ahuninidexoated 
stakkss steel reactor tubes have so far indicated that the mezbauicxl strength of the 
system Is adequate up to at Ieast 850°C and the resistance to H,S corrosion is adequate 
at 850°C iu 1% HZS/Nr mixtures at 20 atm. Kinetic data obtaiued iri the system are 
weii-behaved and the trend of the data at high pressure appears consistent with those 
found at low pressures by other investigatious- 

One serious probIem is the initial transients in either sample temperature or 
_gzs composition, The exteut of these transients and their effects on the measured 
kiEtiCdZlt2~ currently being investigated and minim&d_ 

T&s work was carried out under Contract No. EX-76-S41-2408 for the U.S. 
Euerw &search and Development Admhktration (now the Department of Energy), 
Mr. JefFrey, H. S, Yen, Mr. C. S. Huaug and Ms. Carol IL St- contributed to the 

cmstrution of the experimental system and the collection of data_ 


