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Pyrometer Protection Tubes 

(Chlcngo AIeetlng. September, 1919) 

IT is intended to discuss in this paper the protection appliances used 
for high-temperature pyrolneter installations involving the use of plati- 
num couples ancl clescribe some of the characteristics of a new cnrborun- 
dun1 protection tube. Of all the conlponents that go to nlalre a complete 
pyrorneter 'installation, the one given the least attention and tlie one 
about which there is the least exact information is the outer protection 
tube. This condition is unfortunate as much, ahcl in sonle cnses even 
the success of the equipment as a whole, depencls on the proper type of 
protection. In  the nlajority of cases, the installation is allowed to operate 
without atterition until some part of the apparatus breaks clonrn. The 
outer tube is the component that usually fails and, nlore often than not, 
the failure causes breakage of the porcelain protection and ruin of the 
couple. This ~ondit~ion should be recognized and stucliecl as it has n 
very important bearing upon the upkeep cost of pyronleter ecluipment. 
The cost of the outer protection tube is snlall compared with the cost 
of the platinum couple and procelain protection and i t  would n7ell repay 
users of this type of equipnlent to replace their outer protecti0.n tubes a t  
certain definite periods, which experience shows is necessary to prevent 
destruction of tlie platinum. 

Speaking generally, platinurn thermocouple equipment is usecl.for 
nleasuring temperatures over 2000" F. (1094' C.), ancl is used extensively 
for the control of brick and pipe kilns, glass pot furnaces, glass tank 
furnaces, heat-treating furnaces, open-hearth furnaces, and forgefurnaces. 
A satisfactory protection tube must besufficiently refractory not tosoften 
a t  the rnaximum temperature within the furnace. It must be resistant 
to cracking clue to temperature changes, should be as nearly gas-tight as 
possible, and shoulcl be made of a material with a high thermal conduc- 
tivity ancl great resistance toward erosion l ~ y  the furnace atmosphere. 

Carborundum is n refmctory that possesses these characteristics to R, 

mnrkecl degree. Recent manufacturing inlprovements have nlncle pos- 
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sihle the production of prot.ecti6n. tubes composecl entirely of ca,rborun- 
dunl without the additmion of any binding material. These tubes possess 
all the desirable properties of carborundum including great refractoriness, 
low coefficient of expansion, resistance to~vard t,he act,ion of furnace gases 
and slags, and high t,llermal conductivit,y. Tlic effect of t.he thermal .. 

conductivity .of the prot,ect,ion t,ul~e is of great i~nport~nnce and has a 
very clecided 1)e:tring on the nccumcp \vit,ll ~vhich t,he pyronlet,er tempera- 
ture indicat,ion follows t.he actual tmperat .ure  condition \\~it,hin the 
furnace. Carljorunclum 1l:tving a t'her~linl .concluct,ivity of about eight. 
t,inies.that of fireclay and t,hree to four times that  of fused n,lmliin:i re- 

' fractories would he espect.ecl, when used as a protectmion, to  show a con- 
siderahle ndv+nt;age in this respect,. 

To prove this point a series of esperililents was concl~ctecl ~v i th  car- 
I~orundum and firecl3,y t,uhes t , ~  cletermine tl;e lag in t,he pyrorn'eter 
reading caused b j  t,liese types of protection. Four chromel-nlumel 
type P couples ttrere preparerl ancl standarclizecl. The first couple wa,s 
used in t,hc form of bare wire \vithout any prot.ection, t,he secohd wa.s pro- 
tected by a porcelain t~l1)e ant1 a carboru~~dum tube 1 in. (2.5 cm.) inside 
diametei.,. 176 in. (4.7 cm.) out,side diameter, lengt,h out,sitle - 19 in. (47 
-an . ) ,  length inside 1791; in. (4.5 cm.) ; the t,hird was prot,ected hy gpo~*celain 
tube and a fireclay tube 1 in. inside dhmeter, 2 in. out,side cliameter, 1engt.h 
outsicle 18 in., length illsicle 1Tpi in:, and the fourtll couple mas protected 
by a pol.celain tube a.nd n fireclay tube 15ii1l. inside dianlet,er; 3 in. outsicle 

- diameter, 1engt)h out,side 18 in., 1engtli.inside 1736 in. A large electric 
pot  furnace w:ts rn:~int,ai~ied a t  a constant temperatmure by means of a 

.- rheostat. . The temperature of this furnace was clet,erminecl by mcans 
of a platinum t~hermocouple, which wus allowed t,o remnin in the furna,ce 
t,hroughout the esperiment. 

Exper.i,jilent 1 .-The furnn.ce nra,s a1:l.intaine.d a t  approximately 450" C. 
and the four clironiel-alumel cquples were plunged into it, one at. a time, 
and allowed to remnin there unt.il t , l~e nlillivolt reading of t.he couple 
l~ecalne const,:tnt. Readings of niillivolts and time mere t.aken alicl 
curves plot,tecl. 

Expel.'m.ent 2.-The proce:clure was repented with t.he furnace t,em- 
perature maint,ained a t  n p l ~ r o s ~ a t c l y  9.50' C. The fgllowing results 
were obtainecl: 

FVRXACE AT. . F U R N A C E  A T  
. 450" C.. 950° C.. 

~ I I S U T E Y  ' M I N U T E S  

'rir~le for rcac-ling of Imre cor~ple to hecolne cons t ,n~~ t .  . . . . . .  5 2 35 
.Time for rending of couplein cnrl)r~runclul~i protection t.o he- 

come constnnt. .  . . .  : .  . . . . . . . . . . . . . . . .  ;. . . . . . . . . . : . . . .  25 12j.d 
Tilnc for reatiillg of coul)le in 2 in. tlinrneter firecltiy protec- . 

tion to heco~llt: const:~nt,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 35 
Ti111e for rending of couple ill 3 ill. ciin~neter fireclay prot,ec- 

tion t,o beColne c o ~ ~ s t n n t . .  . . . . .  . :  . . . . . . . . . . . . . . . . . . . . . . .  TO . . 50 
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It was recogriizecl that while the above results were interesting they 
dicl not indicate what could he expected from co~nmercial instmallations 
where changes of -temperature were less rapid. As measuring the tern- 
perature of the gases of the open-hearth steel furnace is a pronlising field 
for pyro~net~ry, i t  was decided to make certain tests to clet,eri-nine t,he effect 
of couple pr~tect~ion on this work. Three calibratecl platinum thermo- 
couples were installecl side by side in the slag pocket of an open-hearth 

Time in Minutes 

2% Nio. 

Time in Minutes 

F I G .  1.-CURVES SHO\VING LAG I N  PYROYETER READING FOR DIFFERENT PROTECTION 
TUBES. 

stecl f urnace just above the checkerwork. The first couple had procelain 
ancl a, 176 in. dinnleter carhorunclum-tube protectmion, the second had 
porcelain and :z 2 in. diametler, fireclay-tube protection, ant1 the third 
couple had porcelain ant1 a 3 in. clianleter fireclay-tube protection. 
Leads and switches were arranged so that any one of the couples could 
be con~lectecl with a nlillivolt meter. Readings mere taken of millivolts 
and time for each couple for seven reversals of the furnace gases. The 
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t,hermocouple protected by the 2-in. firec1n.y tube did not operatme satis- 
factorily throughout t.he elltire-test and no curve of t h e  readings of the 

, couple is included. The general shape of t,he curve wa,s the same as Ahat 

of the couple protected by the 3-in. fireclay tube, the time nncl temper- 
ature lag being less. The average results for this thermocouple are in- 
cluded in the tabulated data.,  No record was made of the exact t h e  of 
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changing the valves on the furnace so that no data is available to show 
the time lag of the couple protected by the carborundum tube. However 
judging from the shape of the curve for this couple the time lag must 
have been small. The following data are obtained from the curves 
shown in Figs. 1 and 2. 

I I I I I I 

FIRECLAY PROTECTION TUBE 
3 IKCE 2 INCH 

Average time lag of couple protected by fireclay tube 
over carborundum protected couple. . . . . . . . . . . . . . . . . . .  . 2  min. 49 sec. 1 min. 9 ser. 

Average temperature lag of couple protected by fireclay over 
carborundum protected couple.. . . . . . . . . . . . . . . . . . . . . . .  94.3" F. 56.0' F. 

Re- 

FIG. 3.-CARBORUNDUM T U B E  AFTER 4 MO. SERVICE IN AN OIL-FIRED GLASS TANK 
FURNACE. 

I t  will be seen from these results that the use of couple protecting 
material having high heat conductivity is of very considerable importance. 

I n  the glass-furnace field carborundum tubes are rapidly becoming 
the standard type of protection. I n  Fig. 3 is shown a photograph of a 
carborundum tube that has had 4 mo. service in an oil-fired glass tank 
furnace. I t  will be noticed that the fireclay supporting tube has been 
very badly melted away while the carborundum tube shows only slight 
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hig~rs of \veal.: A life from 6 too S 1110. is usual for tllese tubes nllcl i t  is 
not uncommon to find thclll giving sat,isfactoly service for :I very niuch 
longer period. 

Due to tlie high thel.mn1 corlcluctivity of cnr1)oruncIum tubes it is not 
necessary, when installing this equipment, to  all0117 the t u l ~ e  to project 
more than a short distance into tlie furnace. I n  some cases it  is eve11 
desirable to keep the end of the tube flush with the furlince wall; this 
methocl of instnllation mill adtl very n1:lteri:llly to the life of the tliermo- 
couple protection. 


