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I. INTRODUCTION

The objectives of this investigation are:

(1) to achieve an understanding of ‘the general types of chemical reactions

occurring in refractories when exposed to conditions representative of

| those'at the cold face of the refractory 1ining in coa] gasification

Vesse1s; (2) to assess-the re]at1ve 1mportance of these reactions to
phys1ca1/chem1ca1 properties required for 1ong service life; and (3) to
identify those refractory systems providing optimum service performance,
particd]arlylin‘regard to the bond phases; 4 | |

The basic aim of the investigation is to evaluate the cqrrosidn
resistance ‘of refractories, especia]]y the bond phases, to those high
pressure/tehperatbre gases and liquids typically pkesent in coal gasifi-.
cation environments;

" The present work (1 May 1978 -. 30 April 1980) is divided into four

" tasks given in Figure 1:

TASK I - Degree of Saturation ” _

The aim of Task I is to determ1ne the dependence of the chem1ca1
reactions occurring in dense and(11ghtwe1ght ‘castables upon the degree of
saturation of the atmosphere and to correlate these reactions to changes
fn physical and mechanical properties;- |
TASK IT - Liquid versus Vapdr Corrosion

The objective of Task II is»to detenmine the corrosion resistence,of
refractory castables to-gas—satunated liquids-and vapors and to'deternine ~
the re]ative'severity Of 1iquid versus vépor:corrosion, particu]ar]y for
Tight weight insulating céstab1e§, which because of their high porosity,

may be most susceptible to chemical attack.
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TASK III - Pressure/Temperature Cycling
The aim of Task III is to determine the effect of repeated pressure/

temperature cycling upon the mechanical strength of alumina castables

'conta1n1ng boehmite; especially the effect upon the mechanical strength
4 and structural 1ntegr1ty of a refractory in wh1ch boehmite is formed, but
is then subsequently decomposed due to a change in temperature or gas -

’«composition This task is completed and the results have been reported

in the Th1rd Annual Report.
TASK 1V - Hydrotherma1 Reactions of CA Compounds

The objective of Task IV is to determine the time, temperature, and

pressure dependence for the hydrothermal reactions. occurring in calcium

a]uminate refractory cements .and to inve§tigate the reaction of CA, CA,
and CA; individually in.hydrotherma1 atmdsphereé relevant to coal |
gasification. |

The present report summarizes the experimehta] and ana]ytical work

completed from August 1, 1979 to October 31, 1979.

II. WORK COMPLETED

A. TASK I - Degree of Saturation

Several exposures in pure steam and the DOE atmosphere* were p]anned
at pressures up to 1000 psia and for 10 days. Three exposures have been
completed as shown in Table I. - The data from Test #1 (410 psia) and
Test #2 (1000 psia) in pure steam were reported in.the Third Annual
report and'in the Thirteenth Quarterly report, respectively. This re-

port describes the results of Test #3 performed in the DOE atmosphere

~ *See Table I for composition




at 1000 psia;A The‘purpoSe of these expertments is to evaluate the
dependence of bpehmite (AlzdngZO) formatidn_uppn the degree of
saturation. | o 4 A

A rectangular bar (18"X1/4"X1/4") of neat CA-25 cement (water/cement)
ratio = 0.3) was used for this test. The chemica] composition»of CA-25
cement‘islgiven tn Table II. The experimental test procedures are given
in the 11th Quarterly progress report. The DOE atmpsphere was continu-
ous]y exhausted the steam condensed, and the liquid co]]ected every 24
hours for PH measurements | |

The PH of the condensed 1iquid at the end pfdthe first day was,-
~8.7. It then decreased gradually every day and reached 7.2 on the tehth'
day. The PH of the distilled water used to generate steam.uas 7.
| The 18" long rectangu]ar specimen was broken in 3- po1nt bend1ng,
| ‘using a 2 1nch span so that two fracture loads were measured for every
inch corresponding to a different percent saturation. The MOR was then
.calculated from the fracture 1oads. The change in the average f]exurai.
strength with the degree of saturation is shown in Fig. 2. ,Those parts -
of the hydrated CA-25 cement bar where.the atmosphere was >4b% saturated
.were appreciably stronger than those parts exposed to <40% saturat1on
Spec1mens exposed to <40% saturation had a MOR s1m11ar to that of the
as cast.and dr1ed‘(110°F) specimens. The hydrated CA-25 cement bar.
exposed to the DOE atmosphere at 1000 psia showed a higher overall MOR
Cohpared with the MOR of.the similar bar exposed to pure steam at 1000
psia. |

The compounds present in the 18" bar after exposure, as determined |
by XRD and TGA, are given in'Tabie ITI. As in the previous tests in

410 and 1000 psia steam, the amount of boehmite varied with the percent
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saturation of the atmo;phere as shoWn in Fig. 3. Similar to the ﬁrevious
' tesfs, a ]inear re]ationship exists between the percent séturatfon.and

" the amount of-boehmfte'be1ow‘~70% séturation. 'Thé minimum percent satura-
tion required to form boehmite in DOE atmosphere at.IOOO pﬁié is f10% '
which'isAs1ight1y'iess than that in pure steam at 1000:(~20%) and 410
(~30%)- As shown in Table III, boehmite was.not deteéted by TGA & XRD
lin sections of the bar which were above 720°F duringiexposufef_ However,
scanning eiectron micrographé of these sections (Fig.‘d-a)_show small
quantities of -boehmi te formed.which are ndf défected'by XRb and TGA.
-Thebca1cite and CyA3H3 detected by XRD and TGA'are also shown in the SEM
of Fig. 4-C. | | Y .

B. TASK IT - Liquid versus Vapor Corrosion
Several 10-day exposufes have .been conducted to~eya1uaté 1iqdid
versus vabor éorrosioﬁ. ,The results of thexprevious exposure§ in
-~ pure steam/water at‘410 and 1000 psia were described in the Third Annual
and the fhirteenth QuarterTy Reports, respectively. This report
summarizes data for the third exposure in thé‘DOE aﬁmosphere at 1000 psia.
The seven'cpmmércia1 and Taboratory-preparéd cement-bonded castables
and three cé]cium a]uminéte cements (initia]]y'dry powders as well as
4hydra£ed neat cement cube;) 1i§ted in Table II ére befng invesfigated!
The experimental procedures are the same as‘réported,prévious1y.
The PH of the water collected eVery 24 hours from the bottom of
the vessel was ~11 on the first day and decreased to -4 on the second
day and then remained eésentia]]y COnstaﬁt for the duration of the
- exposure (10 days). The 1nitié] PH of the distilled water»uﬁed in this

test was 7. The high initial PH and its subsequent decrease is consistent
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WithvtheAdisso1ution of some portion ofvthe:CaO from the cemént;bond
phases and its precipitaf#on as CaCO3 within the castables.
1. -Cemenf-Bonded Castables

Table IV gives the properties.measured fbr the:céstables'after
exﬁdsure‘to~the DOE atmosphere at 1000 psia. Most. of the tastab]es
shbwed wefght ihcréaSes after exposure, thqugh:the immersed UMR-8 |
and the vapor éxposed.VSL-SO had weight losses. The dimensions of the
- castables did‘not'change Appreciab1y during exposure. Simi]af]y, there
was no significant different iﬁ the density or porosity of the spéciméns
ekposed‘,to‘vapor compared with those immefsed‘in the liquid.

The formation bf boehmite in the dense‘castéb1e§ waé confirmed by
XRD'(Tab]é V) and measured by TGA (see Table VI). As in steam, larger
amounts of boehmite were found in the dense high alumina than in the
.dense intermediate alumina castab1e5»after exposuréfo the DOE atmosphereL
There was no significant diffgrence in the‘quantfty'of boehmite formedA
in spécimens eprsed to vapor compared with those immersed in liquid.

" The same result was obtained in previous exposures usingipure stéam..

Calcite wa§ also formed in faif]y 1qrge quantities in all dense castables.

Larger'amounts'of calcite were moét]y present in the dense castables'

exposed to vapor than immersed in liquid. -Figs. 5 and 6 show some |

features ofvthe-microstructure of dense castables after being exposed to
1000 psia/4475F DOE atmosphere for 10 .days. | |

With the exception of Litecast‘60-25, less boehmite was formed.in

- the insu]atiné castab]és compared with the dense castables during expo-

sure to DOE atmosphere. -The same results were obtained in the previous



exposures in steam atmosphere. The amounts of boehmite contained in
immersed insulating castables were a]mostlthe same as those exposed
to vapor. There was less ealcite than boehmite in all the insulating
castables. ' |
Comparison. of liquid versus vapor exposure, for thevDOE atmosphere,
in terms of MOR, for various castables is given in Fig. 7. As previously
cbserved for castables exposed to pure steam, all the dense alumina
castab]es had a h1gher strength after exposure to e1ther the saturated
vapor or immersed in 11qu1d compared with the1r controls (fired at 500°F
in air for 18 h). The large increase in MOR is attributed to the.formation
of additional bonding phases,.such as boehmite and calcite as shown in
Fig. 5 and 6.. With the exception of UMR-8, which showed a higher flexural
strength for immersed specimens, all the castab]es immersed in liquid or
exposed to saturated vapor had similar MOR's, Fig. 8. The higher MOR of
the immersed UMR-8 specimens may be exp]ained by its slightly higher
boehmite content compared with that of specimens in vapor, Table VI.
Comparison of the flexural strength of dense castables on the basis
of the. cements and aggregate they contain show that castables conta1n1ng
CA-25 cement (UMR-1 and UMR-8) had a generally higher strength than those
containing refcon (UMR-4 and UMR-5), see Fig. 8. On the other hand, the
aggregates (tabu]ar alumina versus calcined kao]in)'seem to have no sig-
nificant effect on the flexural strength of dense castables. Samples made
with the same cement, but diffferent aggregates had close to the sane MOR.
The insulating castables, generally, showed no large change in MOR
after exposure to the DOE atmosphere at 1000 psia. The same results were

found in the previous tests in pure steam at 410 and 1000 psia.



2. Calcium A1ominete‘CementsA.

o Table IV summarizes the weight and dimensional changes of hydfated |
cement cubes. A]l_hydrated cement cubes showed weight and dimensignal
increases after exposure compahed with their dry (230°F) weights and
dimensions. Unlike the previous results inAIOOO osia pure steam/water,
there'was«no significant difference between.thelcobes exposed to Qapor
.or immersed in liquid. Both weight:and dimensional increases are ex-
pected doe to the formation of boehmite and calcite. |

The XRD data (Tab]e V) show that boehmife is the major component
in the hydrated specimens after exoosure and both calcite and boehmite
are the major components in’the initielly unhydrated cements (powders)
after exposure to the DOE atmosphere The TGA results showed s1m11ar
- weight losses for cement specimens exposed to vapor compared with those

1mmersed in water, but less boehmite and calcite was found in the

immersed spec1mens,

3. Summary - Task I

The relative severitj of the cohrosion of several refractory
castah]es by eifher liquids or saturated vapor has now beeh determined
for pure steem (500 and 1000 psia, 10 days), the DOE atmosphere (1000
psia and 10, 44 and 60 days and CO-steam etmospheres of CO/steam ratio
= 0.1, 1.0'and 3.0 (1000 psia, 20 days). In all instances, the proper-
ties of e given castable were basically similar after éxposure, regard}ess
of whether the specimens had been immehsed in 1iquid or in contact with
‘saturated vapor. In.a few instances some small.differences in properties

(dimensional changes, porosity, and flexural strength) were observed, but
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an overall conclusion at this time is that there is no-major difference ;
in. the corrosion resistance of ref?actory castables to either saturated

vapor or to liquids condensed from the atmospheres‘investigated to date.

C. TASK IIT - Preséure/Temperatufe Cycling

Work on this task is compieted and no further work is planned.

‘D. TASK IV - Hydrothermal Reaction of CA compgunds

During the TaSt quarter, the prepared sémp]es of CA.and CA,, along
with CA-25 and Secar 250, have been run at 1000 psia in the DOE atmos-

phere for 5 and 10 hours. The XRD and TGA data for»thesé‘samples are

. being collected.

“Preliminary analysis indicates_thét neither- calcium carbonate nor

ta]cium.formate have been forméd.in:the samples. There appears to be

: gibbsite (A1,05-3H,0), C5AH6 and C,A3H; as in prévious steam only runs.

I11. . FUTURE WORK

TASK I - Degree‘of:Saturatioﬁ‘ E
In the paSt'expérimeht at 1000 psia steam, thg temperaturé gradient'

between 50 to 100% saturation occurred within a short length and,

‘therefore, only limited data could be obtained for this intereéting

region,' Furthermore, in the previous experiments, steam was sdpp]ied
from a Qesse] in which tﬁe Task II experiment on refractories was in
prbgréss, -The,second experiment ét 1000 psia steam with the temperature
gradient for 40-100% satufation coverfng the entire}]ength of the speci-

men is recently completed. In this experiment a separate stainless

~ steel vessel was-used to produce and continuously Supp]y the required




pure steam. From the results of the past three teéts-in stéam and DOE

atmospheres and the data from the recent experiment, it will be decided
whether or not any further test is fedaired; | |
TASK IT - L1qu1d versus Vapor Corrosion

Major exper1ments on this task are completed and on]y some detailed
XRD ana]ys1s is requ1red This work will be completed dur1ng the next
quarter. ,
TASK III - Pressure/Temperature Cycling

Work on this task is completed and no further work is,p]ahned.
TASK IV - Hydrotherma] React1ons of CA Compounds |

~ Only a small amount of further data ana]ys1s is requ1red for

samples exposed to the DOE atmosphere at 1000 psia for 5 and 10 hours,
which wi]l.be completed during the'next quarter. The 20 and 60 hours

runs in the: DOE atmosphere will also be made during the next quarter.
IV. PERSONNEL

During this qUarter the following personnel worked on this project.
1. Delbert E. Day, Printipa] Investigator
2. Gordon Lewis, Co—Investigator

3. Abbas Fakhr, Postdoctoral Fellow (Full time)
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Table I - Tests Conditions and Status for Task I

Steam Vessel

Test Atmosphére Temp. Pressure Duration Status
# . (°F) (psia) ~(Days) -
1 steam 447 : 410 : 10 . complete
2 steam . - - 545 1000 10 . Complete, temp.
' B gradient 540-
900°F
3 DOE* 447 1000 10 - complete
i . |
4 steam :’545 : 1000 = 10 Exposure complete,

: . _ . sample characteri-
| _ ' : -~ zation in progress

* DOE composition is 18 CO, 12 CO,, 5 CHy, 24 Hy, 41 H20 (Vol %)
plus 1% H,S




- Table II. Refractory Materid]s Used in Task II Exposure Test

Trade Name or Identification -~ - Manufacturer - o - Composition and Remarks

Dense, High Alumina Castables

UMR-1 Univ. of Missouri  93.4% Al,03, 5.4% Ca0
o , . : (70% Tabular Alp03* + 30% CA-25 Cement**)
UMR-4 o " ‘ Univ. of Missouri 87.4% Al1,03, 10% Ca0, 1.7% Si0;

(70% Tabiilar A105% + 30 Refcon Cement**)
Dense, Intermed1ate Alumina

UMR 8 : ' Univ. of Missouri 63.8% Al 03 4 8% Ca0, 28.3% 510

(75% Ca1c1ned Kaolin Aggregate*** + 25% CA-25 Cement**)
UMR-5- _ ' : ~ Univ. of Missouri 58.6% A1,03, 8.6% Ca0, 29.6% SiOp

(75%. Ca1c1ned Kaolin Aggregate*** '+ 25% Refcon Cement**)
Insulating Castables L ' - . . |
Cerlite #75 4 ' - C. E. Refractories  53.8% A1,03, 2.9% Ca0, 40.5% Si0;

Litecast 60-25 , : :  General Refract. 46.7% Al1203, 9.1% Ca0, 40.2% Si02

VSL-50 A. P. Green Ref. 34.5% A1,03, 9.3% CaO, 52.5% Si02 -

- LL_

Cé]cium Aluminate Cements . '
CA-25 : .. ALCOA : 79% A1203 18% Ca0, 0.2% Si02

Secar 250 , Lone-Star Lafarge  72% A1,03, 26% Ca0, 0.2% 5102
Refcon ' ' Un1versa] Atlas ~  58% A1203, 33.5% CaO 5.6% S102

*A]um1num Company of America, Bauxite, Arkansas. Tabular alumina T-61, used as grog in the high alumina Castablés,
conta1ned the following size fract1on (wt%): ‘

-8 to 14 mesh = 20%
-14 to 28 mesh = 18%
-28 to 48 mesh = 16%
-48 mesh = 46%

**Information on various cements appears elsewhere in this Table.

***C. E. Minerals, King df,Prussia, Pennsylvania. Mulcoa 60 (4 and 8 mesh sizes) and Mulgrain M47 (20 mesh size) calcined
Kaolin aggregate used as grog contained the following size fraction (wt%): - o :

-4 to 8 mesh = 27%.
-8 to 20 mesh = 36%
-20 to 60 mesh = 13%
-60 mesh . =

24%



Table III. MOR and compounds present in CA-25 hydratéd cement exposed to
» - DOE atmosphere at 1000 psia and various degrees of saturation.

(TASK 1)
Sample Templ A % = - MOR o TGA Data ' X-Ray-Data* ‘
No. (°F) Saturation (PS1) ~WW.L. Wt.ZAH Wi.%aC0; | w-AT,0;  AH .  CaC0, oA
1 350 °$?gﬁ?§ed 5500 19 53 23 tr o m oty
2 447. 100 5000 14 28 10 mo oM mo - tr
3 468 80 5350 14 25 12 m oM Ctr
4. 470 79 550 13 23 10 m M my tr
5 © 510 54 2860 12 20 . 8 m | M m; | tr '
6 530 45 3200 13 20 “wo| o Mo M tr. N
7 570 2 160 13 12 16 | m M, M, e
-8 642 19 1450 n n o 17 my Com M o tr
9 700 13 1220 10 5 15 M, m M, Ctr
10 720 1 145 10 . 2 15 M, tr o, tr
1 763 9 1320 10 -- 17 My WM tr
12 857 5.5 1300 9.5 - 19 W mm
13 870 5 11200 0.5 - 20 M W om m

M

major, m ='minor,_ tr = trace, ud = undetected =



Table IV. Properties of castables and pure cements after
exposure to DOE atmosphere at 1000 psia.

+40.93

60.29

(TASK 11)
| ‘% Weight Change i' % Dg:s:;lonaT MOR (PSI) Density (gm/cc) % Porosity

Trade name or [quid — Liquid “Liquid Tquic — Liquid
Identification Vapor (Immersed) Vapor (Immersed) ~ Vapor (Immersed) Vapor (Immersed) yapor {Immersed)
Dense High Alumina

"UMR-1 : ' . +1.16 +0.80 - +0.05 +0.11 4270+ 4110+ 2.78 . 2.75 12.96 . 13.19
- (Tabular + CA-25) ‘ 260 235 |

UMR-4 +3.69 +1.78  +0.09 +0.04  3185% 3170+ 2.62 2.63  19.90 20.18"
(Tabular + Refcon) : 420 610 _
Dense,'Intermedfate

Alumina

UMR-5 ~ +2.06 +1.98  -0.30 - -0.09 3560+ 3365+ . 2.46 2.45  10.28 10.47
(Kaolin + Refcon) - - ' 270 290 . = o
UMR-8 C40.06 -0.66 +0.03 0 4015t 4890+ 2.44  2.41  12.36 12.02
(Kaolin + CA-25) : 240 355

Insulating Castables

Cerlite #75 +0.43 +0.73  +0.45  +0.58 380+ 40: 1.4 154 48.72 48.24
Litecast 60-25 41,30 +2.45  -0.04 +0.12 ?ggt 810:60 1.25 - 1.25 51,35 ' 51.79
VSL-50 -0.22 +2.39  +0.19 345:60 21095 1.04 . 0.91

65.05 .

Cgl -



Table IV >(Continued)

% Weight Change

‘Refcon®

+0.71

% Dimensional MOR (PSI) Density  (gm/cc) % Porosity
o oo Change ‘ ‘ , . |
Trade name or Liquid , Liquid : “Liquid Liquid ~ Liquid
‘Identification Vapor (Immersed) Vapor . (Immersed) Vapor_ (Immersed)  Vapor (Immersed) Vapor  (Immersed)
Hydrated Cement . i ‘ |
CA-25 +11.60 +11.83 +0.72 +0.73 Not measured : Not measured . Not measured
Secar 250 - +10.88  +10.55  +0.72 +0.72 " ! noo ! "
+10.64  +10.71 +0.71 S - " "

_VI._



‘Table V. X-ray data for castables and cements after eprsuke
to DOE atmosphere at 1000 psia for tenm days.

Dense Inter-

TradelName . Dehée‘High A]umina’; mediate Alumina Insulating Castables
 Identification : WMR-1  UMR-4  UMR-5  UMR-8  Cerlite #75 Litecast 60-25  VSL-50
' ‘Compounds v . L VoL VoL vV L v L Vv L vV L.
a-Alumina (A1203) My My lMl M, Smpomy m m my my m, M
Boéhmite (AH) _ M, M, M2--M2 m m m3 mp tr tr fr tr.
. S : : |
~ Calcite (CaC03) m o tr -m My mp, tr mp, my my  my my ms m o m T
. . |
 Mullite (A3Sy) MM My My - | |
a-Quartz (5i0,) MM, M M, MM,
Kyanite (AS) | mz my m, M
a-Cristobalite (Si0,) tr tr
B;erstobalite (Sidz) tr tr.
éA‘ tr tr ~tr -

C,AHg |

Ctr



Table V.

. Trade name C CA-25 Cehent~

Continued

' Secar 250 Cement Refcon Cement
& Identification ‘ CA S ‘

Initial Condition - Hydrated Unhydrated Hydrated Unhydfated Hydrated .Unhydrated
Compounds | | VoL v o v L v v L v
a-A1,04 tr m tf( mg Mg m tr tr |
Boehmite ’ ' M, M, M, M{ M M, M M, My

"Ca1cite‘ . ' M, m. M, my m, My my tr My

~ C3AHg A | ' L tr my, om m,  m

V = Vapor, L= Liquid, M = major, m = minor,

- tr = trace, ud = undetected.

-9l -
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Table VI. % Weight lost, boehmite and calcite for'castables and
: cements after exposure at 1000 psia DOE atmosphere for
10 days (Task II) as determined by TGA.

Vapor : i - Liquid

Trade'néme or -

identification % W.L. % AH  %CaC0, .k W.L. % AH % CaCO04
Dense High Alumina | |
UMR-1 o 7.6 2.3 7.6 7.5 . 21.8 4.7
UMR-4 | © 1130 18.4 0 1.0 | 8.9 ' 19.6 10.5
bense Intermediate

Alumina . . '

wRS 1.5 146 7.8 72 12 80
UMR-8 5.2 1.1 5.8 T VS
inéd}atihg Castables |

Cerlite #75 =~ 45 65 35 | 6.7 6.0 2.8
Litecast 60-25 10.8  16.2 6.1 - 8.4 16.5 6.6
vsL-s0 10 9.5 6.5 0.8 0.8 7.3
Hydrated Cements | _

. CA-25 | | - 20.5 60.4  20.8 . 20.7 6.8 13.4
Secar 250 233 57.9  12.3 24, 52.5 14.
Refcon 2.7 M5 247 18.9  36:8 8.3
Unhydrated Cemenfs '

CA-25 . 235 553  25.9

Secar 250 . 25.6  52.9  33.9

Refcon . 26.7 5.7  28.7
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~ Fig., 2. Var1at1on of MOR of hydrated CA-25 cement exposed to DOE atmosphere

- and pure steam at 1000 psia with the degree of saturation.
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Fig. 3. MWeight % boehmite as a function of the degree of seturat1on for CA 25
. cement exposed to DOE atmosphere and pure steam.
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Fig. 4. Microstructure of CA-25 cement exposed to DOE atmosphere for 10 days.

(a) General area around an internal void showing the beginning of boehmite
formation, <10% saturation. (b) Surface of a void showing boehmite
crystals (matrix), =65% saturation. (c) Inside surface of a void
showing boehmite (matrix), calcite and C,A3H3 crystals, ~100% satura-
tion. (d) EDAX for crystal (i). (e) EDAX for crystal (ii).



Fig. 5.

Microstructure of UMR-1 and UMR-4 after exposure to
1000 psia/447°F DOE almosphere.

UMR-1 (Saturated 1liquid), showing the formation
of calcite crystals.

EDAX for crystals in (A).

UMR-4 (Saturated 1iquid). An internal void is
almost filled with newly grown crystals.

EDAX for crystals in (B).



(C) (D)

Microstructure of dense castables after exposure to
1000 psia/447°F DOE atmosphere showing large calcite
crystals.

(A) UMR-5 (saturated 1iquid)
(B) UMR-8 (saturated 1liquid)
(C) UMR-1 (saturated 1iquid)
(D) UMR-8 (saturated vapor)
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Fig. 8. Compar1son of the MOR of castables ekposed
in 1iquid and vapor-at different pressures
and atmospheres.



