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A HIGH PRESSURE THERMOBALANCE* 

J. R. WILLIAhlS** AND W_ W. WENDLXNDT*‘* 

Deparrmrnt of Chemistr_v, L’l;irersit_b- of fforcsfon, Houston, Tews 7700-f (U_S.A.) 

(Rcccivcd 30 May 1973) 

ABSTR4CT 

A high pressure thermobalance was assembIed by placing a DuPont Model 950 
balance into a stainless steel enclosure. The thermobalance is capabIe of operation to 
a maximum pressure (of NJ to 500 atm and to a maximum temperature of 5OO’C. 
Operation of the instrument is illustrated by the thermogravimetric ctirves of BaBr,- 
2H,O, CuSO,-5HZ0 and NaHCO, at various pressures of nitrogen andjor carbon 
dioxide. 

I?Cl-RODUCTIOS 

There have been few reports in the literature of thermogravimetric investi,oa- 
tions at pressures above one atmosphere. Information of this type is frequently useful, 
especially for the study of solid-gas type systems such as 

soIid, fgas + soIid, 
and 

solid I --* solid, +,aas 

This technique is also useful for the study of the decomposition and vaporization of 
liquids where information about the rate of reaction over a wide range of temperature 
is required. 

One of the first high pressure thermobalanccs was that described by Rabatin 
and Card’ in 1959. It consisted of a laboratory type torsion balance enclosed in a 
metal chamber with a Kanthai wire Lvound furnace usable to a maximum temperature 
of 1200 ‘C. Various gaseous atmospheres could be employed, such as Nz, Ot, Hz, 
CO, HzO, CO2 and NH3, at pressures up to about 40 atm. 

Brown et al_’ described a high pressure instrument which consisted of a DuPont 
Model 950 Thermogravimetric AnaIyzer mounted in a pressure vesse1. It could be 
operated to a maximum pressure of 20 atm and had a maximum usable temperature 
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of 350 ‘C_ Other hish pressure thermob:ilances have been described3-J lvhich could 

be used to maximum operable prcssurs of 33 stm. 

1Yc wish to report hcrc a hi& pressure thermobalzlncc \vfzich is capable of 

operation in the pressure rangz from one to 500 atm in the tsmpcraturc ransc from 

35 to 500 C_ X nitrogen (or carbon dioxide) atmosphere ma)- be employed Iusing 

sampIes with a mass of 5-20 mg_ 

The escntia; fcaturcs of the prcssurc chambsr cnciosure biliitncc mechanism, 

furnace, and rrcaxsosy components are shown in Figs. I and 2. 

The chrrmber \v;lj constructed of 150 mm thick bar stock of type 316 stainless 

sretf. The 35 mm thick end pfatcs (A) were cut from the same bar stock and eight boft 

hnks were drilled from the outer machined face. The inner face \vas also machined to 

obtain a &se fit to the body and a 2.14 mm deep yoovc \\;ls cut to contain a 3. I2 mm 

in cross-stxtion Buns-N O-ring (3) which is used to seal the L-cssc1. The body (C) 

consisted of a cyIinder \vhich was X0 mm in Iengh with a 76 mm i-d. and 151 mm o-d. 

in which the end, were polished to make a sood seal with the 0-rins. Several threaded 

opznin_rs wcrc machined into the vrssei to altow entq of Conas high pressure con- 

nrwions for the control wires (D). sample thermocouple. furnace thermocouple (G). 

furnace wires (H J and gas inlet and outlet openings in the end plates (A) and (K). The 

end plates were bofted to the body usins stainless steel hcxdrivc bolts. 12.7 mm 

diameter by 50 mm in lengh having five threads per cm. The balance movement (E) 

consisted of a taunt-band D’ Xrsonval-t_vpe galvanometcr movement (from ;I DuPont 

thcrmobalance) to which 2 quartz arm \Vils attached: it extended into 3 small furnace 

Fig. I _ Schcmacis Jizqr;lm of the high prts.wrc thcrmobdxcc cnclosurc. A. end pl~~tc \virh thrcxicd 
opening for ps inkt firring: B. Burm-S O-r@: C. prcssurc cdl: D. hi_ch prcssurc connector for 

conrrol czbfc: E. b&msc mowmcnr: F. furnace shambcr; G. furnxc rhcrmocouplc: H. furnace 
hater u-ire in Sfzrini:c insdationr J. hcdrivc b&s: I;. end pl~c with thrcadcd opening for g;ls 
ourlcr 5iLCiF.z 



Fig. 2. High pressure enclosure for balance. 

(F). and held a 0. I ml capacity platinum sample pan. The quartz beam and pan were 

counterbalanced by lveights at the opposite end of the beam. 

The furnace was insulated kvith Marinite \\-hich was machined to fit the inside 

of the pressure vessel and extend from the inner plate to the front of the balance 

housing. The furnace had a minimum i-d. clearance to alloy- passage of the quartz 

balance beam and also to reduce gas turbulance. Furnace heater clcments \vere wound 

from No. 26 gauge Nichrome V wire and had a total resistance of 40 ohms; No. 24 

gauge Nyclad copper lead-in lvires were employed. The furnace w-as constructed by 

first evenly winding the Nichrome :vire on the outside of a 10 mm diameter &ES 

tube for approximat$ 40 mm then coverin 2 the wire surface with a thin layer of 

a hish temperature ceramic adhesive, “Ceramabond 503”. The adhesive Iayer was 

covered \vith a 0.7 rnnl thick layer of asbestos paper and baked at 1 IO’C; this glass 

liner was then removed from the furnace by carefully drilling out xhe center. leaving 

the heater coils esposed. This method of construction resulted in a furnace with a 

minimum inside diameter and ;I masimum heat transfer capability. The furnace 

winding was then cemented into the insulating block and connected to the lead-in 

wires_ It is important to note that both the sample thermocouple and the furnace 

thermocouple wires were routed through connections different from that of the 

furnace lead-in wires thus preventin, 0 ax. voltage inductive effects. 



OperarioE 01 rhernroba/ancc 

X schematic diagram of the appxatus is shown in Fig. 3. Operation of the 

instrument conGstrd of the following steps: The thermobalance (A) was first balanced 

Fig. 3. Schrm~ti~ diagram of tl.crmohlsnrc_ A_ thcrmcbaIar~se in endosure; B. scdc expansion 

tontro!; C. -X-Y rcsordcr: D. gas supply cylinder; E. prcssurc regclaror; F. control x-alve; G. pressure 
gx~gc; 11. prcsswe sdc~y rcksc vdvc: J, tcmpcrzture programmer_ 

\\-ith the sample pan in place by attaching? the proper amount of weight on the opposite 

end of the balance. The alibrrttion of the recorder scale wzs next checked and 

corrccttd b_. the scale expansion control (B) and the addition of the appropriate 

fractional nn:rlyticaJ weights. Once calibrated_ the sample XIS placed in the pan and 

the mass recorded on the recorder (C). The end insulation block was placed in the 

chamber and the end plate bolted in place. The chambsr W;IS then purged \vith the 

L>!inder gas (D) and proper pressure of 9s. as noted on the in-line sau_ee, w-as in- 

troduced (E)_ During operation. a slight purge of _cas \V:IS maintained to inst.re 3 

constant re_euIated pressure in the chamber_ 

Cahbrarion 

To calibrate the inzarumcnt. the quartz rod and sample pan \\-ere first tared b> 

the addition of countcrba:.mce weighty that were placed on the opposite end of the 

beam. The thermobtlnnce was nest calibrated b>- placing fractiona! analytical 

weights in the sample pan. Voitrtze output was adjusted by the span calibration and 

scale expansion controls. By this means. the total response of the weight change was 

determined: a full axle mass response of 1-l mg or 2 rng per inch was used. Since the 

chart could bc read to about kO_l division. the masimum weight sensitivity was 

approximately 2 0.02 mg. 

.Q>cr of presswe cirmqe ad hearirrg rule 

One of the serious problems encountered in usins ;t thermobalance of this 



type is the change in sample mass due to the 23s buoyancy effect as the pressure is 
increased. It w;1s thus very important to determine the extent to \vhich the g;c nuoy- 
ancy effect contributed to the observed mass chansc. To do this, the \-olumc difference 
between the two arms of the thcrmobafancc wx determined by measuring the posi- 
tion of the base Iine at se\eraI pressures. The initial position of the base line at 25 ‘C 
for a pIatinum sample pan containin, m aluminum oxide. as shoxvn in Fiz. 1. indicate 
the effect of pressure on the recorded mass change. At ;L pressure of 135 atm, this 
differen= amounted to S-4 rnf at 25-C and by apply@ simple gas law relations. the 
volume difference was calculated to be 0.053 ml. 

The effect of temperature change can be seen in the cun-es (FiS. 5) of mass 
LWSLIS temperatcre for \-arious fixed pressures. As the pressure is increased, buoyancy 
effects become greater; the apparent decrease in sampie mass, AIM, is given b> 

Arlf = CPA V (1) 

where cp is the density of the sas in the furnace chamber and AV is the difTerence in 
soIume of the balance arms. Using the ideal zas lax to relate the density to the pres- 
sure and temperature Sk-es 

9 = :I1 P:‘R T (2) 

where P is the gas pressure, .\I the molecular weight of th? gs. R the gas constant and 
7 the absolute temperature. Combining eqns. (I ) and (2) results in 

:tcss ‘35_?.7^ 
29 

?err.pemtcrepC 

Fig- 4 (Icft). Appxcnt mass-!oss as a function of s>-stems pressure (7%~ at 75 ‘C). 

Fig. 5 Crightj. Apparent mass-change as a function of temperature for fixed pressures of nitrogen: 
hating rate of 9 C min-x. A, I atm; B. 2s atm; C, 42 atm; D. 55 atm; E. 69 atm: F, 103 atm. 



and obtaining the partial derkativc of AM with respect to 1. Tsives 

Equation (4) illustrate?; that ;L pIot of 5-11 versus ( I 7) at constant pressure should be 

3 straight IInc with sIope S_ This ws obscrvcd from the experimental datr: for the 

mass change xvith temperawe_ DirTercntirrtion of S with respect to P eives 

Hcncc. a piot of AS versus AP shouId be a strai_rht line with :I slope of -115 V: R. F:om 

the ,rIope of the cm-x-e, the difTcrentiz1 wlumc of the balance arms. 5 V_ \v;1s caIcul.:ted 

nnd found 10 be 0.030 ml. The difierence between this and the previously determired 

vnIue of 0.053 is probab!_v due to the difi‘ercnce in tcmpcrarurc of rhe measuremer:Ls. 

.AIw. in the Iattcr calculation. the voiumc difierencc found w-;t~ iIn ii\eeraze \nIue 

because of the charyins ys dcnjity in the furnace arcx 

The buo_\-zlncy efTect i?; cnsiI_ corrcctcd b_v first makin ;t blank run to check 

the has line. ;IS previous&- shown in Fig. 5. The effect of buoyanc_v as a function of 

tempcrrtturs at constant prewirc for 3 $\-a sampic is she\\-n in Fig 6 for the deaqun- 

tion of BsBr2-ZH20_ In each set of curves_ the ori$naI cun-e (A) sholss ;1 flattening 

clkt due to the simultaneous ma_ss-loss associated \vith the deaquation rexLIon 

and the mass gin due to the buoy-ancy eliect- At the end of the run. the sample ~-as 

3Iiowed to cool at a rate equal to the initial hcatingz rate. $1.ing curve (B). Thus, the 

corrccttd an-c tC) is obtained by substrxtin2 ‘1 the buo-ancy cunx from the original 

cuvic_ 



.4pplicariorrs 

The use of the thermobalance is illustrated by the TG curves of CuSO;-5H,O 
(Fig. 7) and NaHCO, (Fig. S). 

At one atm. the thermogravimetric curve for CuSO,-SH,O shelved three 
distinct break lvith the complete loss of the t\vo moles of HZ0 at 1 IO ‘C. t\vo addi- 
tional moles of H,O at 150’42 and the final mole of Hz0 at 250 -C. As can be seen. 
the curve breaks became less distinct and the deaquation temperature ran_ges increase.: 
as the pressure \vas increased. At 60 atm. the Ioss of the first two moles of H,O sas 
completed at IS0 C. the second two moles of H,O at 225 -C. foiloived by the s.10~ 
remo\-rli of the tinal mole of Lvater to 135 -C. These large pressure effects cre believ:d to 
be due main@ to the decreased \\-ater vapor diffusion from the sample. Although the 
decomposition reaction ma>- not be greatly affected by the gas pressure. the decreased 
diffusion rate appears to become the rate controlling step in the deaquation reaction. 

In a second example. that of the decomposition of NaHCO,_ similar effects 
\vere obserx-ed (Fig. 8). The final decomposition temperature increased xx-hiie the 
temperature at lvhich the reaction began was not greatly affected by the increase of 
pressure. The curve for the decomposition of the compound in ZS atm of CO, 
illustrates the effect of the presence of decompo3tion products (in this case CO-,) on 
the decomposition temperatures and reaction rates. 
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DuPont Co.? Instrument Products Di\-ision, for the use of the balance mechanism_ 

7 -- 
- --._ 

Ep 
-_ 

- ------.-- -- . --. 

Fig. 7 (left). Effcst of pressure on the dchydrarion of CuSO;.SH~O: heating rate of Y C n.in-1. A, 
I a1r.11 B. 15 aim: C. X atm: D. 42 atm: E. 69 atm. 

Fig_. S (right). TG curves of NrlHCOs at various pressures: heating rate of 9 C min-1. A. I atm 
Yz; B, 15 am 92: C, 42 atm SC: D, 69 arm X2; E, 27 atm CO-. 
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