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Intredunction

me of the most importsnt properties of refractory mater
{als 4s the ability to resist stress which may either be Adireotly
applied or originate in the material,

The faotors which govern the reaistance to atress inolude
thes modulus of e_lastioity, the ultimates strength under different
types of stress, and the "flow® sharacteriatios which begoms of
importanos when the material is stressed at the temperature at
whioh plasticity 1s dsveloped,

Systematic determinations of the mschanioal properties such
as modulus of elastiolty and ultimate or breaking stress is rather
dirricult or more or less impossible to carry out at the tempera-
ture at which the refractories are used, The reason for this is
that refrastory materisls lose the property of almest perfect
olantiolty emd tend te beooms plantic at temperatures which are
far below the temperatures of fusiem, Thus, in case of fireclay
and fireslay-silica mixtures, this trensition tempsrsture lies
within the range 800° -~ 1000°C,

Once the matarial hss attained some degree ¢f plastioity,
no valus for the breaking stress strictly comparsble with that
obtained with the elastic material can be derived, because the
ultimate strength of the pleetic material is dependent on the
rate of loading - a condition which dees not apply when the
xateriel is elastic.

Apart from the queation of obtaining acsurate valuss of the
mschanioa) strength, the bshavier of a plastic material under



stress is of considerable preotical impertance, In the tempova~
ture range vhere the material is elastic it will regain its ovig-
inal form whem a stress on it is removed, A% the higher temper-
atures at whioh it bdecomes plastie, the material may not show

a oconptant deformation under comstant stress, but "flow" or
deformation which imgreases continuously with the time, may take
place, If the stross is removed after acting, semetimey the
material will not regaia ita original form,

It peams ovident that a systematie study of the flow charas-
teristios of oeramic materials at high temperatures in gemeral
fa of paramount lmportance, Enowledge of the relstions between
stross, temporature and wyate of flow would onable us o prediet
the behavier of the different materials under servies conditioms.
Sush data eculd be used to determine the safe loading for furnace
strugtures vhors o maximm allowable deTomation during « speoifie
working time and temperature is given,

The data would alse find $¢s applisation in controlling the
burning prevese by preventing of warping saused by improper
mtting.



Review of Literature

In reviewing the literature on the flow properties of ser-
amio materials at high temperatures, it was sesn that a very ez-
denzive work has been osrried out by Aifferant eauthors in this

field. ¥. H. Norton (1) in his book on refractories lists forty-

{1) *. H, Nortom, Refractories, ¢h. 8, p. 437, ¥araw-ITi1l Book

Oompany, Inc., 1942,

six references unier the ohapter, "lead-Bearing Capasity of
Refrastories”™,

The majority of the work oarried out in this field oensti-
tutes suggestiona of Adifferesnt types of test mothods apd lisi-
ing of the results obtained with Adifferent refrastory maserials.

Some authors, however, go more desply inte the matter end
try to explsin what is goimg on during the flow period and alee
try to find some reletion between the different rates of flow.

Thus, As L. Roberts and ¥, W. Cobbd (2) {3) (4) have developed

(2) A. L. Roberts end P. W. Qobd, The Hshavior of Refrastory
Haserials under Toraion at Diffsrent Temperatures, Trans,
feram, So6., Vol. 38, pp. 28«24, 1933,

13} A. L. Roborts smd ¥, W. Oobd, op, eit., Part IX, Trans,
Ceran, So0., Vol. 38, pp. 182-2808, 1936.

{4) A. L. Roberts and F. W. Oobb, op. oit., Part III, Trans.

Oam. SOO.. valo 37, ‘_I_Jp. 296—311. 1”8.

& vory nice apparatus for dstermining the behavior of refractory



materials under torsion at different tempersturss. By this test
mthod they have been able wery elosely to determine the differ
ent temporatures at which refragtory materials lose their prop-
orty of almost perfeot elastioity and tend to become plastic.

s H,s Norton (0) (€) agviden the types of flow into differ-

{8) ?. H. Norton, The Flow of Geramie Dodies ut Zlsvated Ten~
yeratures, Js Ame Qex, G004, Yol. 19. 5. Pe 129. 1958,
(8) Fo H, Norton, A Critical Exmmination of the Idad Test for

Refractories, J. Am. Osy: Soe., Voal. 23, 10, p. 334, 1809,

snt groups whieh ocacure im different mmterials usder differend
goaditions,s The flow types are sumarized in Tabls It

TARIE T - Different Types of Flow

pody Struature Type of ¥ Oondlti
Crystals and (lass LS 5 A Plastie
Crystals or Crystals _
and Glage v=0 Elastie
Orystals or Orystals
and Glass Y= Fraotured
Glane LA - Visoous
¥ = flow rate P = foroe applied
ky = sonstent as = varies from 3 0 §

The relation ¥ - xg“ for plastie donditions at oonstent

temperature has been experimentally obtained by loading eeramie
asterials up o 1000 hours.



For a etustent rate of flow the relotion fss ¥ = ky log
¥ + 5 whers ¢ is the temperature, ky, and b are omstants.

Rorton Apndisates that {f the constants in sthe =shove equp-
tims were determined for a numbey of materials and were foumd
%0 hald over s ruffislently largs fisld, a few axperimental de-
torninations of flow retes would permit the somplete eveluatiom:
of sny particular material,



Refragtorine gs « Under-Load Tests

Yarious standardized test methods have besn developed in
the different countries to determine the load bearing eapacity
of refractory materlals at high temperatures,

In the United States, the A.S.T.M. has werked ocut a method (7)

(7) AeS.T.M. Degignation C-l6-41,

where e full sized brick is loasded with twenty-five lbs/im® and
heated to a certain temperaturs, 1300, 1350, and 1450°C, res-
peotively, depending upon the type of material to be tested.

The deeired temperature is reached efter a given heating sched-
ule, and held constant for 1} hours. Then the furnace is coolsed,
and the shripksge of the brick measured,

Objestions %o this method ware put forward by A. ¥. Dale (6)

(8) A. ¥F. Dale, The Relation Betwsen Ordinery Refraetcriness,
Under-Iead Refractoriness and Compesition, Fhysical and
Chaemical, of Refraotory Material, Trans. Ceran, Soe., Vol,

23, Ppe 217, 1924.

and summarized by P. H. Clews and A. T. Green. (9) Dale indicated

(9) ¥. H, Clews and A, T. Oreen, Refractorimess Under-Load Tests,

cm. mat. Gﬂﬂo Engr.. ND- 103. lm.

thet the use of a single specified loading might give misleading
results, aosording to whether or not it exoseded the "yield

value? of the meterial at the apsoified temperature., At the



sams time he griticized tho use of a aingle fixed temperature of
testing beganse the material might resist deformation as (1) a
rigid solid, (B) a plastic solid, or {3) a viscous liquid, and
a slight inoreass in temperaturs mizht be sufficlent to shange
the cmtegory in which the material ocould be placed.

¥. H, Nortonts (1) (®) patn onjections to the A.8.T..
load test is that it does not provide suitable data for the de~
#igney of furnsoces in which the briok is subjected to lomg, ocme-
tinueé temperaturss and loads. He thersfore migsests a methed
by which the brick is tasted long encugh to messure =z atsady
flsw reate. He shows sm automatically comtrolled eleotric fur-
nace in which bricks asn be tested over 500 to 1000 hours.

In Britain (10} and in Germary (11) e lead test im gon=

(10) A. ¥. Dale, Some Fallaoiss tc be Avoided in the Standardi-
zation of Any Method of Testing the Load-Bearing Gapsoitics
ef Refractories at High Temperatureaj and s Suggeated Me—
thod for Standardization, Trans. Ceram. 30e., Vol. 24,
pp. 218, 1924-25,

{(11) Deutsche Industrie Normen (D.I.N.} 1064.

duected by cutting or 4rilling out of the brick a small test

plece, The %est pleas is given a predetermined loed and heated
up in a furnace at a constent rate, The temperature is inoreased
until the test plece has ylelded p0% of its lemgth. The shrink-
age of the tept plecs magnified 10 times 1s automatically recorded

during the experiment and plotted ageinst the tomperature.



¥, H, Clsws and A. T. Green (9)

have given a oritical exam-
inetion of the rising temperature load test, As a relatively
repld msans of examinipg or comparing the behavior of refrastory
materisla under load, the practical value of this test cannot
be doudbted, It maat be admitsed, however, thet the $eat only
provides limited informatian about the behavior of the material
unier eertaln standardized but arbitrary eonditions, Further-
more, since the test piece 1s subjected to both stress and a
riging tempsrature at the same time, the trus effeot of the
stress cn the materlial at any glven temperaturs may nct be
indlcated by the deformetion ourve obtained. In the test, the
two variables, tmperature and time, operate simultanecusly,

the results of which muat be Iinsomclusive.

Anothsr objestion $#0 the test is that camparatively small
variations in the experimental conditions, espeoially ia the
rate of the temperature riss, will effect serious srrors in the
final resulta.

D. Potss (12) ney suggested a tost method from waich re

(12) D, Petit, A New Method of Assessing the Stability of Re-
fractory Structures, Trana. Ger, Sos,, Vol, 38, pp. 313,

1638,

milts ke, by come degree of acouracy, can determine the oondi-
tions undsr which a naw inatalletion mmy be operated. The me=
thod is the ssme ma the common European rising tempereture mee

thos with the arxgeption that he yuns a seriss of sxperiments

and uses difforent pressures for eseh experiment.



As in mosb of the load tests, the time element is not cone
sidered in this case, a factor which is of most importends in an
installation.

The plastioity of refractory materials at high temperatures
has a speciel interest in the stopper and nozzle refractories
used in atsel ladles in the stes) industry. L. 0. Exholm and
(13)

L. D. Hower, Jr. ephasize the fact that the finest quality

(13) L. G. Exholm snd L, D. Hower, Jr., Peuring Teshniquss and
Their Effeots om Qasting-Pit Performanee, A.I.M.E. Proceed-
ings of the Netional Open Hearth Committee, Vol. 28, p. 120,
1845,

of asteel can be reduced to sorsp by improper pouring. Good pour-
ing depends mainly on suoh things as a proper opening in the
botsam of the ladle to prevent splashing of the stream, and a
proper control over the rise in the ingot. These two fastors
are both governed by the properties of the nozzle and the stopper
head refractoriss.

During the pouring the atreem of
molten stesl will glve a very
abrasive aotion on the nezsls and

gome af the ceramie material will

F‘ﬂ | be washed sway, ospscieally along
the edge of the nezzle., When the pourer wents $0 shut off the
stream, he will get a leak as shown in Figure 1. To )revent this

leaking and to provide an effective shut off, the nozzle is ofter
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made of a madium refreotory material which will be plastic at the
pouring temperature, This plasticity will allow the stopper head
t0 be squeezed into the norzle and give an effeative sghut off of
the etroam.

There are no ebandeards or regulations gilwven ahout how re-
fractory or how plastic these nozzles ought to be at the peuring
temporature of the steel, There 1a slso not glven m proper test
by whish this type of plasticity can be determined in a compar-

atively simple way.
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Oatline of Work

In the present work there was developed a aimple test-method
to determine the flow in ceramic meterials at alsvated temperatures.
The teat worked on the principle of conatant temperaturs va, rie-
ing preagure., The full sized test brick wse heated up to a given
tenparatures whioh waas held congtant. The pressure was applied
on the briek at a aomatant ratz, gziving at last a maxirmum pres-
sure of 100 1bs/im®, The shrinkege of the brick was measured
with ghort intorvals and plotted agminat the pressure,

Different typea of firesclay bricks, and steel ladle nozzlss,
ware teated and ths results oompared with the properties of the
tested materials.

A geriep of flow curves whers the rate of flow was measursd
in each case for a oonstant tempsrature and pressure was takea

8) The resulis were eomparad

as explained by ¥. H, Norton, {
with the rasults obtained by the increasing pressure iest

Rethod. These experiments were carried cut first to imdicate
the temperature at whioh the rate of flow would he most suit-

able for the lnareasing pressure tas,
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Procedure

Arpsratus:
There has been designed and built for the experimsnt a

gas fired furnace aa shown in Pig. II apd Fig, IIT, The air=-
oular furnaee is built up of a 7" thick wall of refrastory in-
gnlating briak. On the inside of the insulaters is rammed up e
2" lining of alumina ramming mix to withatend the high tempera=
turess The furnace is placsd about 38" ahove the floor om a
rack made of beams and rests m a reinforeed eonaerete alab.

The heat ia provided by a North American Fan l{ixer; Type ERB-
405 and the flame 1s blown in tangentially.

The test brick 1z placed in the middle of the furnace
between two 6" dlammter silioon carbide eylindem, To prevent
aticking a thin layer of pulverized flint is sprayed betweem
the briock end the 510 oylinders in esch experiment.

The pressure on the test plece is provided by a Hanna
Adr oylicder, Type 15M, with 12% stroie.

Yor other load tests the preseurs in this case is epplied
from the bottom of the furnsee, Supporting U~beams on the top
and gldes hold the J~-Test brick and 3iC-oylinders in place.

Canpered with the usual loeding equipmant where weights are
used, the air eylinfer shows a big advantace. The pressure can
thus easily be reguleted Dy means of a manomster and a soatrol
valye. For getting uniform pressure, the air eylinder is acnnested
with an air tank which has a damping effeot on the varistions in

the pressure of the eir line,
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The air pusher and the mancmetor were calibrated by means of
a spring. The defleetion of the spring wes first ealibrated in
a press where different lmown preasures were spplied, The de-
flection was megsured by means of a miocrometer serew snd plotted
against the pressure as shown in Fig, IV,

The temperature was determimed by mearns of an optical pyro-
meter.

The ahrinkage of the test brick was taken by a simple arrange~
ment comnsisting of a string whioch transfers the movement of the
pusher via two pulleys (with ball bearings) over on an indicator
es shown in Fig, V. The movemsnt of the pusher was in this way

megnified fifteen times,
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Zogt Methods

ZRoregsing Pressure Method:

For measuring the shrinksge under inoreasing pressure at
constant tampernture, the test brick wam hested up to 1400°C
acoording to the sshedule ahown in Fig. VI, The rate of heat~
ing melseted wna the most convenient for the somtrol of the
type of gas burner umed,

When 400°0 was reashed, this temperature was held ss con-
stant as possible, After ten minutes a pressure of five lba/in?
waz applisd, The pressure was then contimmoualy inoreased at
a rate of ten 1h:;/1.n£ por three minutes up to a maximm of 100
1bs/1in? increese in pressure beginning at twenty 1ba/in®,

Yor each brick the shrinksge was plotted agninst the
presgure.

The roproducinility of the method is good as long as the
temparature is kept gonatant within : 10*0 auring the teat. The
heatin: schelule up to 1400° must alse be followsd quite closely
abows 1000°G, due to glass formabion im the brick, The bricks
tested also muat have the sama porosity to zive the sams runlta._

Tig. VII ghows two sets of ehrinkage curves for four brioks,
twoe bricks of easch kind, The meximum differcnee in the shrinke
age at the same point are about 3%, Usually the rosults are

more olose for stiff mud bricks than for dry pressed,
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Qonstont Pregmurs snd Temperstuwrs Method:
™o brick wans hoated up at a fixed rate %0 1300°7 and 1400%C,

¥or osch temperature ware applisd thyee 4ifferent pressurea, 90,
80 sl 100 Ibs/in?, For ench of the total of nime sxperiments,
the presmrore and Semperaturs ware mpt oanstant until the driek
showed a omnztant rate of flow, usually romiring about 100
minntens The shrinimpe of the briok wma resorded every ten mine
utes, exeept in ome oase whore it was negessary to take the resd-
ing®? svory Tlve minutes begouse of the rapid flaw. In this came
the shrinkese of the testbrick was plotted agnimst the time,
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Mpterigls Tested

A8 naterigla to be teated, uﬂ# il and dry presssd Liyew
bricke of Imtormedisnte Moat Duty and High Heat Duty (14) quality

(24) A.5.T.¥, Dosimnation 027=41 for Dissification of Fireclay

Refragtoriee,

werc selscted, Ths bdricka were mamufactured by the threo largest
Tiredbrick produssrs in Missouri, In additiom %o theso bricke,
two Super Duty briaks wore tested, plus two pteal ladle noxzles.
In the mathad for mcssuring comstant flow rates, wae used
a Brand A Intermsdinte Heat Duty s$iff mud brisk,
The sams sxpsriment was also carried out at 1400°0 with a
Brand 4 Intemediate Heat Duty dry pressed brick. The physical
data on ths dffferent types of briocks tested is ziven in Table 11,



TAELE IY

Physjoal Propertics of Materials Tested

22

vI5k,. under
% Por- | Load Tast at
[V o| Brand quality TyDe FCE | osity | 1380°C *
Duty
2 B " b 38 10, 2.15
3 (o] n » 51/32| 15.
4 A b Dry Pressed| 32 20,5 2.27
65| B o n 31 17.8 4.45
6| @ o " 3./32 | 21.7
7| A |High ¥eat Stiff wd |33 1345 2,32
Duty
8 B w m " 33 16. 2,70
) 0 ™ " 32/32 | 13.6
10| A - Dry Pressed|33 | 21, 1ed¥
1| B o v 35 | 18, 5.72
2| B Super Juty " 54 1745 2.40
(at 1450°cC)
13| B §, ¥ " 34 17.7 4.90
(at 1450°C)
14| 3 Roxizls Stiff Mad  [18™ | 16.1
18| C0 |Noazls . 28 | 17.2

* Figures gimby produser

** The sones bloated during test, herd tc set nccurate P.C.E.
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Eemuita

Tho repulis Trom the comstant rate of flow experimsnte are
given in Table IIT and the ahrinkages are plotted against time
io iz, 6 and Fig, 8,

As 1t will bo noticed, the rate of flow is always lareesd
in the beginning, Jjust after the load is applied. Then, after
a while, the curves flatten out anf bescaw a stralght line whioch
maang that the rate of flow in tho brick is occostant, The curw
for e brick beated to 1500°C and loaded with 30 1da/in® is
not given se tho rate of flow at this low pressize snd texper~
ature was slmost aero,

Troa the linear part of the ocurves were token the different
£low rates (I ehrinkage per hour). The flow Tatea at the differ-
eni temperaturaes are plotted sgnimat the logarithm of the pres-
sure glving straight line curves as shown in Fig, 10,

These ourves arc in goed reletion to the resulta obtalusd
vy 7. H. Kortame ®) The curves are almost parallel exsept the
ans 1300°0, This is, however, as good as oen he eoxpected as
long as the work fa corried ocut with such a variable material
as commeroinl fipebrisks. It might be mentioned that the flew
onrve for bdrick Yo, 4 does not neosssarily have to be parallel
with the flow ourves for brick No, 1, Both bricks are of
Intermed inte Heat Duty guality, the anly differsnce betweem
them being that Fo. 1 15 made by the atiff mnd method wnd No,



TABIZ IIX
Shrinkage of Bricks loaded at Differsnt Temperaturss

and Pressures

4 shrink,
Time | brick Na.
in _fow
¥Min~ at 1400°3 Mat 1300%%0 at B50°0

utes

—— ——

f!ﬁggrgggassssssss
5

1,9 | 3.2 | .D8 B8 | 54 |{1.82

80’ 4.7 «90 1, 28] ¥4 {1.78
De Be7 lel2 1 10 18,34

BeB | Be5 (176 1.80fLed4 |2.74

3,8 | T4 |1.37 1, o885 |3.14
3.8 (8.2 [1.48 2, o10 13,64

4. | 9.1 D.ow 2.34k,20 |4.08
4.8 | 9.8 1,686 2.uxt.a| 4,59
| 1
44 [ID.6 [1.73 2.70p.42 4.9sin.ao
s

8
.69
i

1-‘1 4045 .55 161 .3 2.8

L]
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4 by the dry press. The Turmnllel ourves might indieabte Shat the
bricks are made approximstely of the mame rew msterials.

From the relation, V = le:; *“a" is found %0 be sround 1.8,
Thals is lower than found by Neorton, who sets "a” $0 bo hetween
thyee and five. In his exporimunts with firebrisks, howsver,

he used bigher tcoperstures gnd lower pranmres than in the

present work,

During the expariments it weo found that thore ere mainly
thres different properties whish govern the shrinkags of the
brieck umder the prossnt test method, These arej refractoriea,
porosity, end texturs of the drick. As these properties vary
considerably in the different brioks, i% is sorwetimes diff'ioult
to explain and eorvelate the resulés., Resulis in Table IV,

Lffegt of Refragboringes om the Shrinkege!

The refreptoriness of a drick is, to a coevtain extent, given
by the smoumt of glass formed in the briock which again will govern
the flow rate of the matarial.

Fig. 11 and Tig, 12 show the effeet of the refrastoriness
on the shyiskage of two stiff omA bricks of different refrastori-
nees. As it will de notloed, the (ifference in ope cons in re-
Prastoriness dons not seem to sffeet the ghrinkage t00 mush,

Tig. 12 and Fig. 14 show the effeat of differcnt refractorl-
ness on Ary pressed bricks, Eere the 4if“erencs in shripkags is

moYe mariked snd the differsnce batween the eone 31=33% Intermediate



TABIE NO. IV

4 Shrinkage ¥s. Precssure

29

% Shrinkage et

O oo/l Toa/tE | Toa/idf Ioa/if | Iva/3f  1va i Toa/in? Four i Toe/ it

No. | 20 0 | 40 60 &0 0 ® |9 | 100

1 |0.8 | 1.8 2k | 3a2 4.2 5.2 6.1 | 7.4 ]a.a

2 |04 | 0.8 14 | 2.1 87 | BB 4B | B3 | 8.3

3 11 | Lo | e a7 &7 | 57 Bk | T | 04

4 1. 3.1 43 | B9 | 7. | 8.3 | 9.8 1L | &

5 (11 | 22 |38 ! 4.8 ! &7 | 8.6 L. | Z |

‘ .2 | B, | 8. 6.8 8.5 105 |

? .|°'° EEW IR 30 | 4 | 40 58 | &7 [74F

8 1.5 | B4 Bel é2 | B | 5.9 67 | 7.8 %_a.e ::r

o | wr | 2.6 ; 5.7 il 4.8 | B.9 | 7. | 8.2 9.54‘%-_

© |11 [ R [ B4 | 4 | &1 | 74 88 |10 g7

11|17 | 2.8 3.9 | 8.1 | 6.4 , 75 87 |98 |10

12 1. | e 2.6 | 8.8 | 48 £ 6.1 | 8.3 |72

1B (e | 23 |82 | 4 | 4B 55 68 | 68 | Teq

4 | 48 [10.B | . g;m :

1] 1.1 2.8 3.8 5.5 7.4 E r"%
i R S
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Beat Duty brdak snd the ecme 34 Super Duty brick is oomsidernbls.

£ of P ) g 1

In Pig. 15, thu uﬁ:'ru for bricks of different shrinkeges
aye ploté¥sd tosothey foy comparisoms It will be neted that the
poxosity of the material has s very definite effeet em the shrink-
ege ourwas, This oan be reslily explained, e = brick of high
poresity will have lass losl bearing espeaity then one of the
pane maborial with o lower porosity, as there is less Material
in the brick to onrry thr load in the latber easo,

AS long so the differends in refrectoriness 48 not lurger
than ane or two oconea 1t seems that the poroalty is the rmajor
faotor which poverns the rate of flow, Of interest is %o notiee
that a dense cono 32 Intormediate Head Duty, Otiff Mud briok with
a porosity of 100 shows less fhrinkege than a cone 34 Duper Duty
briok with a porosity of 17.0%.

Fig. 18 anfd 17 shew a ecmparison betwesn different brunds
of Intermediante Meal Duty und High fea% Duty brickas,

As %he graphs show, there is eonsilerable varistien Detwesn
ths 44fferent brmnda of brick evan for tha asme type. This i»
eapeeially the case for the Intormediate Hoat Duty quality, The
variations in this alans are #0 larze Whal they eannot b ex-
plained by the wariations in porosity mlone, This {s espeaially
the oass for the stif mud brieks., Frick Ros 1 has a poroaity
of 11%, while No. B has 10f, The varietion in shrinkage 1s,

howevor, ccneiderable,
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Fig. 18 Lamination Oracks in Stiff Mud Bricks
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By exemining the bricks after the test, however, pams of

these, especially Ro. 1 and No. 3, showed laminstion oracks,

Fig. 18. These eracks mever ogecured in brick Ko. £. This explaina

the differense in shrinkage as a bLrlok with a texture whish
would develop lamination cracks during loading, definitely would
be weaker.

It might be notiesd that the differenee between the brands
is larger in the Intermediate Heat Duty group then in the High
Heat Duty group. The reason for this is probably that the
producers have a closer control with the raw materials, and
with the manufacturing for the higher quality groups of bricks,

It is scamevhat difficult to compare the resulta obtainmed,
with the A.3.T.M. load test data given by the mamufacturers for
the different qualities of brick, as these data mostly are 6-7

yoars old.

Qomparison of Super Dubty Brigka:

From Table II giving the Physicel propertics of the mater-
ials tegted, 1t will be noticed that for the Super Duty dbrieks,
Ro. 12 and No, 13, the percent shrinkage after the A.S.T.M.
load test at 14M°C were 2.40 and 4.90 respectively.

Theses two bricks were loaded with 25 1bs/in® and heated
up to 185368°C, This temperature was held for about 50 hears and
the shrinkage measured regularly. The results after 30 hours
are ghown in Fig, 19. It will be noticed that briok No, 13

between 8 and 13 hours shows a much layger shrinkage than brieck
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No, 12, This is quite in correspondance with the results from
the A.3.T,Ms teats On further heating, however, the rate of
flow decreases. After 25 hours, the shrinkage of briek No, 12
is larger than the one of Wo, 18 and the Aifforence keeps on
inoressing on further heating, In this cese the results from
the AeTsToMe load Seat will give a wrong ploture of the load
baering capasity of the two brioks,

Tho same brieks were tested by the ineressing load method
and the results are shown in Fig, 20. By comparing FPig. 19 and
Fige 20, 4% will bo sesn that the curves obtained asre of the
samy typs, This 1 a fact which proves that the dlacussed test
nethod may be more reliable than the present A.S.T.M, method.
If the time of the testing methods is taken into comsideratiom,
the ineyeasin, pressure mathod nssded thres end ane~-half hoors
¢ glve approximately the seme results as obtained efter 24
bours with the oconstant load end temperature method.

Comparison of Mesults Obtaimed from Congtant Tosd Tests

apd_Jnexeqsing losd Teghy

By comparing the resalie obteined in Fig, 8, 9, and 10 and

Tizge 7, 1% will be cemm that thers i= s big dittoz_-nm in the
moults shtalned, vithout doing any caloulstlons, it 4e potioed
in Pig. ¥, thet evon though Whe pressure is increased all the
time, the rate of flow is dmost constant, especially for briek
No. 6 and 11, This is stristly opposite the results obtained
in Fig. 10 where the rats ef flow was found to bde proporticnal

%0 the 18 powoer of the presswre,



This diserepanocy can only be explained by the fast that
during the inoreaging load test the flow in the brick naver
will come to an ejuilibrium, During the whole tost, the rate
of flow will be in the ateep part region of the eurvees in Fig.
8 and 9 before these flatten off and beoans straight lines,
The time required for the teat will, however, tend to flatten
out the ahrinkagze curve while the lnoreasing pressure will
tend to make it steeper. These iwo fmators will work in each
direction and partly elimjinate each other giving an almost
stralght lins curve.

By teking from Fig. 7 the sirinkage at 65 lbs/in® ama
subtraoting the shrinkage at B5 lbs/in® and by knowing that
this shrinkage took place over a psziod of three minuiss, the
approximate rate of flow for the brick at 60 1bs/in® oan be

calonlated,

42

The seme oalonlations ede w.odewithbih brieks at 60 lbs/in®

end 30 1bs/1nf, The vesults are cm(mra& With thoss obtained

from Fig., 10 in Table V
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TABIE V

Comparison of Flow Rates Obtained from Differsnt Test Methods

Brick Mo, 1 Brick No. 4

| 60 1bs/1n® 30 1bs/1n® | 60 1bs/1n% 30 1bs/in®

[Plow rate fram
oonst. Load Teast

4. %/br. | 1.23%/hr, * 4,05%8/hr.| 1.61%/0r,

T

"low rate from
Imcreﬂﬂn Load Test 20, %/hro 12, */hrc 2‘0 f/hl‘. ,18- */hro i
{ | *

As secen from Table V, the flow-rates obtained by the inoreasing
pressure method are from 5 to 10 times greater than from the com-
stant temperature pressure method.

The faot that an ingreasing load will canze sush a graat in-
orsase in the flow ratos in the brick has quite some interest im
the comstruction of a refraetory brick werk, The bricks will not
only have to take the load from overlaying brick, whieh 1s caon~
stant, but will also have to stand the load and stress due to
expansion or oontractiom in the wall, These last types of stress
will vary all the time and will also give conmidersble varistions

in the flow rates in the driok. It would, therefore, be ineorrect
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to estimate the shrinksge of a refractory wall st on e simple
eonstant loed test aven though the results from the test together

with prastics) experience would be of great velue.

Zegting of Open-Hleqgrth Ladle Nogales:

Two different brands of nozzles were testad by the ingreasing
load method, The comioanl pParts of the nomzles were sut off bofeore
they were tosbed, so that the test pluce became a 9" lomg oylinder:

Beoause of the low refragtoriness of the nozzles, the tent
was carried out at 1250°C; The rosults are given im Fig; 21 and
22,

As 1% will be notioed, the ocome 18 nozzle haz a very high
rate of flow already at 1280°; it aleo shows eonsiderable expane
sion on bloating., The come 20 nozzla, however, has n modarate
shrinkage, but shows moms bed eraaka, /0e0rding to information
from opesn=hearth operators, the pouring yesults with the cone
16 nozzle are better than for the cone 59 nomsle, This eould
be expaoted after the present test, beeauase th- sramekinz of the
oone P8 nozzle dofinjtely will osuse bad leaking during the
pourings procdss,

The soft mome 16 nozszle will, however, nive a good ahud
off and the expansmion will meal all kinds of eracka. Another

faotor whioch ia Aisongsed by R. B, ‘now (15) s the crosiom

{15) B, B. “now, Mechanism of Erosion of Nozmzloes in Openefearth

ladlos, presented at the Comvention of \m. Coer. 30e., 1044,
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of the gteel, While the erosion of ordinary steel on a eons 19
type nozzle is 24,5%, it is only 16,0% on a cone 28 nozzle,
This is a factor whioh is against the low cone nezzles, The
erogion for different types of steel varies, hawever, very much
80 that the results always must be combined with practical ex-
perience.

The inoreasing pressure method will, however, give results
which are very valuable for ths develepment of the right type
of nozzles.

Flg 22 Tested Nozzles



Sopolusiong

(1) The ineressing loud test gives at the game temparature
and 1gad a Clow rete in the tested btrick whigh ic five 4o ten
times higher then moesured in tests with constent loads,

{2) During tho teet, the flow rate of the brick is almost

somnatant, even though the load ie contimmously inorermped, This

47

1t aleo radicnlly Aifferent from whiat iz encountersd in the conw

gtant load testa,

(5) Expuriments with different typos of firebriscks show that
the most impartant property of the brick which roverns the flow
rate in the birled during tke test ig the porogity. The flow
rate also deponids upor the refrectorinesa, btut the poroeity

is move important, se long as the refruotorincss does not vary
more thun 4wo oonoa,

(4) Experimemts with different brands but same ouality of
brieks swhow thet the texture and possidle laminations in she
brieks have important cffects on the rute of flow, In some
casen, laminetion erecks were brought out during the test.

{8) Two Super Tuty brieka which meeded thirty hours at

1639°C in an ordinary conatent load test to show the real
relaticaship detwren thelr load bearing capacitiss wore tested
by the imercasing load methol, The results frem this method
indiocated n mirilar rolationship after thres hours testing.
{8) Two different qualities of nommles for open hearth ladles
wers tosted and tho mathed proved itself wery useful for oon-
trolling the plastieity of this kind of material at high



tenperatures, The teat aleo brought out bad oracks in one
type of noszwle,

The teat mooms Lo give more valwable information about
these propertiss in the nozgloa them other methols used haore-
tolore.

(7) The wvesults obtained from the test method ecan only be
used as ampirical values in comection with prasticel exe
porience, but are very valuable as such. In somo cases, the
results seen $0 be more reliable than thoge obtained by the
AsTeT.He oonatant load test,

{8) The test mothod disocussed ia simple and the whole test
can be oarried out in three hours,
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