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I. INTRODUCTION

The objectives of. this investigation are:

(1) to achieve an understandihg of the general types of chemica1 reactions

~ occurring in refractories when exposed to conditions representative of

those at: the to1d'face of the refractory Tining in coal gasification

' vessels;'(Z) to assess the re]ative importahce of these reactions to

phys1ca1/chem1ca] propert1es requ1red for long-service life; and (3) to

1dent1fy those refractory systems prov1d1ng optimum service performance,‘

- particularly in- regard to the bond phases.

The basic aim of the'investigation is to evaluate the tbrrosion

‘ res1stance of refractor1es, especially the bond phases, to those h1gh A

pressure/temperature gases and 11qu1ds typ1ca]1y present in coal gasifi--

'cat1on env1ronments

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

“tasks giVen in Figure 1:

TASK T - Degree of Saturation
The aim of Task I is to determine the dependence of the chemical

reactions‘occurring in dehse and 1ightweight castables upon the degree of

'saturat1on of the atmosphere and to correlate these react1ons to changes

in phys1ca1 and mechan1ca] propertles

A TASK. I1 - Liquid versus Vapor Corrosion

The objectiVe"bf.Task IT is to determine the corrosion resistance.of

refractory castables to Qas-saturated liquids and'vépors and t0‘determine‘

‘the re]atlve severity of liquid versus vapor corrosion, particularly for

11ghtwe1ght1nsu]at1ng castab]es wh1ch because of ‘their h1gh 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 cyc11ng upon the mechanical strength of a]um1na castab1es
.conta1n1ng boehm1te espec1a11y the effect upon the mechan1ca1 strength
. and structura] integrity of a refractory in wh1ch boehmite is formed, but»':
"_is~then'subseduent]y detomposed due to-a chanoe in temperature or gas
-lcomposition. This task is completed and the resu]ts haveAbeen reported
in'the Third-Annual Report. |
_TASK IV - Hydrothermal Reactions of CA Compounds
The obJect1ve of Task IV is to determine the time, temperature and
. pressure dependence for the hydrothermal reactions occurr1ng in ca1c1um
' a]um1nate refractory cements and to 1nvest1gate the reaction of CA, CA,
-and CAq 1nd1v1dua11y in hydrothermal atmospheres re]evant to coa]
"gas1f1cat1on A _
The present report summar1zes the exper1menta1 and ana]yt1ca] work

completed from May 1, 1979 to Ju]y 31, 1979 for Tasks I TI and IV.
I1. WORK COMPLETED

A, TASK T -.Degree of'Saturation
A number of exposures in pure steam and other atmospheres are
nunderway for Task I at pressures up to 1000 ps1a and for 10 days Three'
.1are comp]eted as shown in Tab]e I. The data from Test #1 in pure steam
at 410 psia was reported in the Third Annual report. This report_descrfhesA
the resu]ts of Test #2 performed in pure steam at 1000 psia. The purpose
of these experiments is to‘find the'minimum degree of saturation (or - -

maximum temperature) at wh1ch boehm1te w111 form

[

A long rectangular bar (18 X ]/4 X 1/4") of neat CA-25 Cement'(water/

_cement ratio'=50.3) was used for this test.‘ The chemica1 composition of
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CA-25 cement is ‘given ianabTe II. The experimental test procedures:are'
given 1in thevETeventh Quarter]y Progress Report; ‘Steam Was supp]ied from
a stainless stee] yesseT in which the Task II experiment.was in progress
.at 545°F (TOOO'psia) The degree of saturation was varied by imposing a
temperature grad1ent along a hor1zonta1 vessel conta1n1ng the neat cement '
bar,'~545 F for 100% saturation and 900 F for minimum saturat1on
Every 24 hours, steam was exhausted, condensed, and ‘the PH of the
11qu1d measured The PH of the(condensed water at the end of the first
_ day was<~7. - It then decreased graduaTTy every day and reached to a mini- =
mum of 5.3 on the.tenth day. '
| The7]8”hlong rectangular-specimen~was broken in'3-point bendTng in an
Instron mach1ne, using a 2 inch span SO that two fracture 10ads were:
measured for every 1nch correspond1ng to a different percent saturatlon
The MOR was calculated from.the fracture loads and the average of. two MOR
va]ues correspond1ng to d1fferent % saturatlon was ca]cu]ated The'change
in the ayerage flexural strength with the degree of saturation is shown in
'Fig. 2.: Those parts*ofjthe hydrated CA-25 cementAbar where the steam |
'(TOOO psia) was >50% saturated were apprec1ab1y stronger than those parts
. exposed to <50% saturatlon ‘
' The compounds present in the broken spec1mens as determ1ned by XRD

and TGA are given in Table III. As in the Test #1 exposure in 410 psia

steam, the amOUntAof'boehmite varied with the*percent»saturat1on of thel
1 steamuas shown in Fig. 3. A linear re]atjonship exists between the per- )
gcent saturation and the amount of boehmite beTow ~70% saturation. :The .
minimumfpercent saturation requTred to -form boehmite (in 10 days) at 1000
:psia is ~20%‘which:is slightly less than that at‘410 psia (“30%): As
‘shown in:TabTe ITI, hoehmite was not detected in sections of the bar

“which were above 860°F during exposure.
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The XRD nesu]ts in Table III also show that the amount of C4A3H3
' increases uith increasing temperature (i.e., decreasing behcent'Saturation).
i Cajcite'(CaC03) was also found as in the previOus:expcsure, but'the reason
for .its presence’is unknonn at this time. The atmosphere was presumably '
free of CO andeO3. XRDedf‘the unexposed sample of CA-25 cement showed
no thace of CaCOj. . |
B. TASK II - Liquid versus Vapor Corrosion
Similar to Task i, several 107day exposures are being conducted 'to
,eva]uate.liquid versus vapor corrosion.‘ The test atmosphere andltempera-
ture for the Task II experiments are given in Table I. The resu1t5~cf f
the first 10-day exposune in steam at 210 psia were described in the.Thind"
Annual Report. . This report summarizes the data for the second exposure
~in 1000 psia steam/545°F. |
.The‘seven commercial and 1aboratory-prepared cement-bonded castables .
and three calcium aluminate cements (initiaT]y dry powders as well as |
'hydrated'neat cement cubes) listed tn Table II are being investigated,
. The'expehimentaT procedures are the sane as reborted'previous]y.
' The'PH of the.water collected from the bottom'of»the vessel'during
exposure was. ~11 on the f1rst day and then decreased to ~6 where it
- remained cpnstant.r The 1n1t1a1 PH of the d1st111ed water used 1n th1s
test nas 7. The high initial PH and its subsequent decrease is cons1stent
w1th the d1sso]ut10n of some portion of the Cal from the cement bond
phases and 1ts gradua] precipitation as CaCOj. |
1. Cement-BondedVCastables
- Table IV'gives the property‘data for the castables after expoSure
to‘saturated steam (uapor and liquid) at 1000 psia. With the'exception‘

of the immersed UMR-1, whose weight increased slightly, and the immersed
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UMR 4 whose we1ght was essent1aTTy constant aTT castab]es showed we1ght
losses after exposure The d1mens1ons of the all castabTes 1ncreased
‘sT1ght1y dur1ng exposure The we1ght and d1mens1ona1 changes in TOOO ,
ps1a steam are very similar to those in steam at 410 psia.
| The formation -of boehm1te in the dense castables was conf1rmed by
l‘XRD (Table V) and measured by TGA (see TabTe VI). Larger amounts of "
boehmite were found 1n the dense h1gh alumina castabTes than in the dense 4
1ntermed1ate alumina castabTes There was no s1gn1f1cant d1fference in
the quant1ty of boehm1te formed 1n spec1mens exposed to vapor compared
' w1th those 1mmersed in 1Tqu1d. Calcite was also present ‘in small quan- '
tities in all dense;castables. o |
| With the exception of'Litecast 60-25, less boehmite was formed in .
'the insuTating'CastabTes compared with the dense castables. Overall, the .
" immersed 1nsuTat1ng castables conta1ned more boehm1te than those exposed
to vapor ' ' - | - » ' : ' ,~-: : 'i
Compar1son of T1qu1d versus vapor exposure, in terms of MOR for | 1
Avar1ous castabTes,1s g1ven 1n,F1g. 4. - A1l the dense alumina castables
A had higher strength after exposure to efther the'saturated vapor:or
1mmersed in T1qu1d, compared with their contro]s‘(fired at 500°F in air
for 18 h). The large 1ncrease in MOR s attr1buted to the format1on of
additﬁonaT bondTng phase(s), such as boehmite. UnT1ke the prev1ous;.
'resuTts (4T0 psia steam), all the dense alumina castaoTes.immersed»in
Tiquid had e1ther a h1gher or very similar MOR as compared to their |
',spec1mens jn vapor, Fig. 5. The d1fference in MOR, however, is not Targe"
- and cannotwbeAexpTained by. the amount of boehm1te formed since the TGA:
results in TabTe VI show the boehm1te content is nearly the same for
both. D1ssoTut1on of Time and/or format1on of other compounds may

contr1bute to these slight differences 1n MOR.
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Compar1ng the flexural strength of dense castab]es for the effect ‘
of cements and aggregates, the castables containing CA 25 cement (UMR 1
and UMR 8). had generally higher strength than those conta1n1ng refcon
(UMR&4 and UMR-S); see Fig; 4. On the other hand the aggregates seem‘
to have no stgnfficantleffect on the flexural strength.of dense castables,
samples made with the same cement, but»different aggregate'having.close
to the same MOR.

The insulating castables,_generatly, showed‘no 1arge change in MOR
after exposure at 1Q00 psia.' The same conclusion was obtained from the
previous test at 41u'psia. | o |
2. :Ca]ciumlA1uminate'Cements

Table IV‘summarizes the weight‘and dimensional changes of hydrated
cement cubes and the we1ght changes of 1n1t1a11y dry cement powders. A1l -
hydrated and unhydrated cements showed weight increases after exposure
compared with the1r dry (230°F). we1ghts, the we1ght ga1n belng larger for
: fthe cubes exposed to vapor than when 1mmersed in water Both we1ght and
d1mens1ona1 1ncreases are expected due to formation of boehm1te

‘The XRD data (Table V) show that boehm1te is the major component in
'Aboth -the hydrated and unhydrated cements after exposure Except for the
"hydrated CA- 25 cement wh1ch showed traceof'a A1203, no a]um1na was found ,
after exposure Essent1a11y all of the alumina in the cements is converted
to other. compounds, mostly boehm1te during exposure at 1000 psia. | |

The TGA resu]ts showed h1gher weight losses for cement spec1mens
R exposed to vapor compared with those immersed in water. The data also
indicated that the amount of boehmite formed in the hydrated cement'

specimens was more in vapor than in liquid.



C TASK IV
' | During the 1ast quarter, the analysis of the XRD and TGA data on CA,
| CAZ, Secar 250 and CA-25 essent1a11y has been completed. The CA and CA,.
_ana]yses are reported a]ong with those of Secar 250 and CA 25 because both
~ cements are reported-by their respective manufacturers to conta1n CA as the.
major catcium'aidminate”phase. ‘Secar 250 contains a minor'amount of.CAz
whereas CA-25’contains ahsignificant amount‘of_a-alumina. |

A1l of the samp1es run in the hidh presSUre'reactor were peljetized'
so that weight and d1mens1ona] changes cou]d be eva]uated The peTletized
samp]es were reacted in saturated steam at 100 ps1, 500 psi, and 1000 ps1 o
for 5, ]0 20, and in.some cases 60 hours After steam exposure a]] sam-
‘ p1es were ana]yzed by XRD and TGA. | o | |

At 500 and 1000 ps1, the pr1nc1pa1 react1on products for CA CA2, and
Secar 250 are AH C3AHg, and CuA3H3 As shown in 'Fig. 6, these form a
E compat1b111ty tr1ang]e At 100 psi, both CA and CA2'show an AH3 phase in
-add1t1on, however the phase point for the systems st111 remains in the
AH C3AH6 CuA H3 compat1b111ty triangle. ‘ A. A

CA-25 conta1ns AH, AH3, C AHG, and CQA Hy at 500 psi. At_]QOO psi,
~ C3AH6.1S no,]onger observed, | -
Fioore 6 shows the reaction points for'CAland CAztb th; 7 shows the
‘ 'react1on points ‘for Secar 250 and CA-25. | '
. The data 1nd1cate that initially the samples appear to hydrate to a
,po1nt near the AH-C3AH6 join, ‘then as time at pressure increases, the
'samptes.reaot to formtproducts on the'AH-C4A3H3 join. This causes the -
: phase point'to move away from the water compOnent. |
It 1s proposed that the fo]]ow1ng equations reflect the initial

stages of hydration of CA and CA, respect1ve1y



3CA + 8H —-CsAHb + 2AH and
3CA, + 11K = CohHg + SAH. | o
As the samples are exposedAto the high pressure steam for tonger time
perﬁods,,a reaction occurs that yields C,AgH3. This_phase'could be formed
' directiy from CA or CAy however, because C;AHg begins:to'disappear; it is
‘ assumed that C3AHg 1is undergoing a dehydration type reaction to form C A H,.
Two possib]e reactions are possible in this system; |
L 4C4AHg + 5AH =‘3CHA3H3'f 20H or
- 3C4AHg = Cyghy + 5CH + T0H..
ngure 8 shows the trends for AH, C AHG, and C,A;H, for var1ous pres-
sures as a funct1on of t1me, us1ng CA as a starting mater1a1 The 1000 psi
data best shows the increase in C,AjH; assoc1ated w1th a decrease in AH
and C3AH6 content . | '

‘ None of the samp]es ana]yzed by XRD or TGA showed any 1nd1cat1on of CH;
Usually when CH is present in a samp]e,-1t can be determ1ned by a]]ow1ng the
_samp]e from the comp]eted TGA run to be exposed to the atmosphere overn1ght
It has been observed that any free ca1c1a 1n the samp]e hydrates read1]y
and a second TGA run shows only a. CH decompos1t1on

Therefore, it appears that the data are best explained by_assoming
that.CA and CAQ hydrate to AH and C3AH6' On cont1nued exposure to h1gh
pressure steam, the C3AH6 reacts with-some of the AH forming CQA Hy |

During the hydrat1on dehydration react1ons, s1gn1f1cant changes in
the volume’ occup1ed by the various phases occurs. Using the measured
_ d1mens1ons of the pe]]ets before and after react1on a]ong with the quant1-
. -tative phase ana]ys1s obta1ned from the TGA, it is poss1b1e to ca]cu]ate
samp]e poros1t1es before and after react1on The results are presented in
" Table VII along with the calculated volume changes of the materials and

. the actual pellet volume changes.
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The data indicate that the porosity bf the pellets decreases
signﬁficantly with time at'500 psi. The'hydratjon.prOducts must fill
voids.in the sample. How far this feduction in ponosity will proceed

was not determined since runs only extended to 20 -hours.  However Fig. 9

~ shows the trends for CA, CA,, Secar.250, and CA-25. The réversél of the

trend to reduced porésity in Secar 250 can be observed, but additional -
data will be needéd-to confirm the results. . |

It.sﬁou]d be noted that there is a significant increase in thé vb]ume .
of material as the redctions proceed. If very dense samples are prepared,
_ it can bé’anticipated.tﬁat 1arge strésses will be built up in the ;ésf '

‘pieces as the hydkation4dehydration reactions proceed.
III. FUTURE WORK

TASK I.- Degree of.Sqtu}ation
‘Thg«fo]]owing'experiments are plannedAfO( Tésk”I:

1.  In fhe past expefiment at ]000 psia steam; fhe tempgkature gradieht
between So'tq 100% saturation occurred within a short length and, there-
fore; on]y'limited‘dafa could be obtéined for this interesting region. A
" second experiment is-p1qnned’using~1000 pﬁia steah with the temperature -
grad{énf.for 40-100%.Saturation covering the entire length (~18 inches)
-of the sﬁécimen.< 2. Exposure tests in DOE atmosphere - The fifst éxposuré
in the.DOE atmosbﬁeré aﬁ 1000 psia was recently comp]etéd, From tﬁe results
of the past ﬁwo tests in steam at 410 and 1000 psialand theidata_from the.
recént tegf,fp the DdE atmosphere, the test conditions for future experi-
ments will be decided.
TASK If,- Liquid versus-Vapor Corrosion

Work will continue aioﬁg with that for Task I since the same test - -

" atmosphere is.being_used'fdr Task I and'II. Furthermore, preliminary



;exper1ments of a scout1ng nature are pIanned for Task II in coaI I1qu1fac-
'.,t1on wh1ch w1II be started in September, 1979 |
| TASK III - Pressure/Temperature Cyc11ng
A WOrk on thIS task is compIeted and no further work 1s pIanned
| -TASK IV - HydrothermaI React1ons of CA Compounds | |
OnIy a small amount of further data anaIys1s is requ*reo for the
_'sampIes exposed to saturated steam at 1000 psi and th1s work w1II be ;-”
‘compIeted dur1ng the next quarter
An 1nvest1gat1on of the react1on of the CA compounds in the DOE ,
?atmosphere is proceed1ng The exposure shouId be comp]eted during the

next.quarter., o
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.Table I - Tests Conditions and Status'for Task I

Test - Atmosphere : Teh . : PkéSsure< : Duratioh ~ Status
H L . (°F : (psia) __(Days) '
1 csteam . 447 410 10 . complete
2 steam 545 .. 1000 - 10 - . Complete, temp.
' - . ‘ S . o : gradient 540-
| 9000F. | |
3 j DOE* '_ 447 .'41000 ‘ ] 10 Exposure complete,"

sample characteri-.
zation in progress

4 . - steam - 545 : 1000 ' 10 -~ Starts in August
: : : : ~ 1979, temp. - .
- gradient 540- -
. 6500°F '

* DOE composition is 18 €O, 12 COs, 5 CHy, 24 Hy, 41 Hp0 (Vol %)
plus 1% Hp,S | t | o



, Tab]e'II Refractory Materials Used in Task I1 Exposure Test

Trade Name or Ident1f1cat1on - ) Manufacturer - '- : Composition and Remarks

Dense H1gh Alumina Castab]es _ _ ) - o A
UMR-1 . - - - Univ..of Missouri = 93.4% A1203 “5.4% Cal0

S ' S L ~ (70% Tabular A1503* + 30% CA-25. Cement**)
UMR-4 . S : . “Univ. of Missouri 87.4% A1o03, 10% Ca0,.1.7%°Si05

A : (70% Tabular A1203* + 30%.Refcon Cement**)
Dense, Intermediate A]umiha: L | LT . . ’
UMR-8 - " Univ. of Missouri  63.8% Al 203, 4.8% Ca0, 28. 3 5102

L 4 : - (75% Ca]c1ned Kaolin- Aggregate*** + 25% CA-25 Cement**)
UMR-5 C T Univ. of Missouri  .58.6% A1,03,. 8.6% Ca0, 29.6% Si0,

- , _ (7;% Ca]c]ned Kaolin Aggregate*** + 25%-Refeon Cement**)
Insulating Castables : , . o o S ‘ :
Cerlite #75 : ©° C.'E. Refractories 53.8% Al 203, 2 9% CaC; 40.5% Si02

Litecast 60-25 ' : . General Refract. 46.7% A120 9.1% CaC,-40.2% Si02
VSL—50 . : -~ A. P. Green Ref. 1 34.5% A1203, 9.3% Cal, 52.5% Si0p
‘Ca1c1um A]um1nate Cements 4 R S |

CA-25- . . : A ALCOA ° B : '79% A120 18% Ca0, 0.2% Si0j
Secar 250 L Lone-Star Lafarge -72% A1203 26% Ca0, -0.2% SiOz :
Refcon’ r - ' D Universal -AtTas 58% A1,03, 33.5% Ca0, 5.6% Si0p

.*Aluminum Company of America, Bauxite, Arkansas. - Tabular.alumina T-61, used as grog in the high alumina castables,
.. contained the following size fraction (wt%): - ' : ' : g C o

-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, F, M1nera]s, King of Prussia, Pennsy]van1a Mulcoa 60 (4 and 8 mesh s1zes)'and MuTgrain.M47 (20 mesh'size);ca1cined
Kao]1n aggregate used -as - grog conta1ned the fo]]ow1ng size fraction (wt%):. ' - ‘ S R '

-4 to 8 mesh = 27%
" -8 to 20 mesh = 36%
-20 to0.60 mesh. = 13%

= 24%

-60 mesh

- gl -



Tab1e‘III{

MOR ‘and Compounds Present in CA-25 hydrated cement exposed

to pure steam at 1000 psia and various degrees of saturation

- (TASK 1). | |
- . o ' OTA/TGA DATA X-RAY DATA
Sample No. Temp F % Saturation  MOR (PSI) "% W. L. % AH % CaCO0j . Compounds*

1 s0 ioo 6670 © 17.73° 55 | 8.58 AH Calcite  :QgA3H3'. a-A1,05 (tr)
2. - sa0 100 6828 16.8 53 8.13 AH . Calcite CyAsH3  a-Al,03
3 635 50 5267 15.33 38 . 13.22 AH - "Cajc{té aA1,05  Cug (tr)

4 :‘645 47 1860 13.82 1515 22.76  AH Calcite a-Al,05 CuAsHs (fr)i

5 730 27" 76 1.7 3.66  22.8  Calcite a-Al05 AH  CyAgHj (tr)

6 765 22 1185 9.75 185 15.50 a-Al,0; Calcite CyMgHs . - AH (tr)

7 e 16,9 1240 802 0.58 5.8  a-Al,0, c4A333 ~ Calcite  AH (tr)
4.‘8“ ‘ 845 14.9 1227 1.9 0.4 5.3. a-Al0; CyAgHy  Calcite  AH (tr)

9 860 - 13.9 1565 7.68° 0 4.66 a-A1,0;5 CuAsH; - Calcite’  ~--------
 _10 870 13.3 1320 7 ' 4.5 o-Al,0; Calcite  CygHy  --mmmeee-

* In ‘decreasing order of their abundance; (tr) represents trace amount.

_.V[_



Table IV. Properties of castables and puré céménts after exposure
© to saturated steam at 1000 psia/545°F, Task II.

Trade name or % Weight Change % Dimensional change - © MOR (PSI) '  Density (gm/cc) % Porosity

: vapor liquid vapor - , ~liquid vapor . Tiquid . vapor - liquid vapor Tiquid
identification (immersed) : - (immersed) : ' - (immersed) (immersed) (immersed)
Dehéé'High 'i '

Alumina - . ] : . R
UMR-1 - -0.75  +0.81  40.32 - +0.12  3500:215 4895240 ~-2.70 -~ 2.67 16.53 . 10.16 -
(Tabular + ‘ : : :

CA-25) | | | |
UMR-4  -1.01"  +0.01  +0.16 ~ . +0.14° 2145:145 - 2515:165  2.57 . 2.4 21.80 4.5
(Tabular + o S - ' . - : .

“Refcon)

Dénse, Inter-
mediate Alumina

- Gl -

UMR<8 -1.82  -2.18  +0.1 . +0.1  4365:270- © 4180:820  2.37 2.36 12.37  13.17
(Kaolin + CA-25) : : : 4 : -

UMR-5 - . -1.58  -1.07  +0.2. ©$0.17 -2535:290 ©3210:345 ©2.39 . 2.36  16.02 15.02 -
(Kaolin + Refcon) S v : ; ‘

Insulating . -

Castables o : S
Cerlite #75 '-1.85 © -3.67  +0.72. +1.23 510450 - - 4852100 1.49 - 1.46 51.28  53.14 :
Litecast 60-25 -3.88 -3.2 " +0.6. S +0.2i ‘ 54025 : 660£100-. 1.16 = 1.18 56.11 55.70

VSL-50 - -9.05  -9.28  +0.53 . +0.46  95:35 190:20 ~ 0.88 . - 0.95 65.26  63.95



Table IV. Continued

% Dimensional Change

frade'name or - % Weight Change MOR (PSI). ‘Density (gm/cc) % Porosity
S vapor Tliquid vapor - Tliquid . vapor ’ T1quid vapor - liquid vapor Tliquid
~identification (immersed)  (immersed) (immersed) . (immersed) (immersed)
Hydféfed‘cémehts ‘ .. ‘

CA-ZS +5.66 +3.82 +0.38 +0.77 Not Méasured : Not measured Not measured
“Secar- 250 +7L27 ~ +4.91  +0.28 +0.49 Not Measured Not measured Not measured |
Refcon +2.92_ 42.73  +0.24 +0.77 . " Not Measured Not measured Not measured

Unhydrated
Cements .

.CA-25 . +9.7
Secar 250 +21.3
Reféon

+ represents weight or dimensional gain.
represents weight or dimensional loss.

+

represents standard deviatjoh.

- 91 -



Table V. X-ray data for castables and cements -after exposure at
o 1000 psia pure steam for 10 days (Task II, Liquid vs. Vapor).

- Trade name or - A . VAPOR = | o o .LIQUID

:Identificafion ‘AA Compbunds*‘ | ' L ' ‘Compounds*

‘Dense High Alumina | | .
UMR-1 a-A1,0; AH  Calcite | a-ar05 AH O Calcite
UMR-4' . . a=A1,03  AH f l Calcite =~ | a-A1,04 AH Ca]tite(tr)‘

" Dense Intermediate

Alumina

UMR-8 O AsS, a-Al,0; AH  Calcite | A,S, a-A1,05 AH Calcite

UMR-5 ' o AsS, - -AHV_ C,AS(tr) Calcite(t) A3$é AH .bzAS ' Ca];ite(tr) ‘C4A§H3(tr)?' ;j
4 : : .

Iﬁsu]ating

Castables .

Cerlite #75 ~ o-Quartz o-A1,0; AS L ' a—Quariz AS a-A1,05 CASHHZ(tr)'

| Litecast 60-25 a-Quartz  AS ,;i AH o A a-Quartz :AS : CAquz‘ AH(tr)
 VSL-50 o a—Quértz CASQHZ» a-A1,0,4 Bayerite a-Quartz CAS,H, :a-A1203 . Bayerite | AH(tr)

" Hydrated pure

- Cements A ' ‘ 4
CA-25 " AH Calcite CaAHg a-A1,05  CuAzHs(tr) | AH Calcite 316 . a-Al,04 CyAsHy
Secar CAH - Calcite CaAMg - C|AH © Calcite CiAMg

Refcon . MH. T CsAHg. Calcite | AH CiAHg  Calcite  CAS,Hy(tr)?




Table V. Continued.

- Trade Name or o VAPOR . ) LIQUID

Identification . = Compounds* - ’ Compounds*

Unhydrated Cements

CA-25. © AH Calcite CaAHg(tr) CLAsHs(tr)

Secar 250 AH Calcite CyAsHs . CsAHg
Refcon - AH C3AHg - Calcite

R * In the decreasing order of'their abundance.
1(tr) represents trace amount.

" ' ? represents possible presence.

_8l_




Table VI. -

- 19 -

% Neight'iost, boehmite and calcite for'éastables and
cements after exposure at 1000 psia pure steam for 10
days' (Task II) as determined by TGA.

Secar 250 19.

Refdon

Trade Namé or Vapor Liquid

Identification "% W.L. . - % AH % CaC03 - % W.L. % AH % CaCOy .~

Densé High Alumina

UMR-1" - 6.2 22.5 5.2 6.8 23.5 2.3

UMR-4 7 20.0 5.7 7.0 18.3 309

Dense Intermediate

Alumina ' .

UMR-5 5.2 1.1 3.2 4.6 10.3 3.0
UMR-8 3.7 1.4 1.7 3.4 10.8 1.5

Insu]ating

Castables '

Cerlite #75 3.8 3.6 - 6.2 6.1 -

Litecast 60-25 6.2 12.8 --- 5.5 13.0 ---

VSL-50 | 4.0 8.2 ‘- 4.7 9.5 ---

Hydrated.Cehents ‘ |

CA-25 19.34 67.4 9.4 1712 59.3 6.8

Secar 250 22.6 57.3 15.7 20.9 53.9 1.7
“Refcon - 18.8 43.9 6.6 17.6 40.6 5.4
_ Unhydrated Cements

CA-25 -~ 17.8 .63 2.9

2 43 - 9.3



D
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- Table VII. PorOsfty and Volume Expansion‘oflsamp1es,,-
After Exposure to Saturated Steam at 500 psi.

500 psi
L : ‘ Calculated ~ Measured .
%Porosity . %Porosity. %Volume %Volume -
7 Time before - after - expansion- =~ expansion
(hrs.) reaction- . . reaction - (materials) = (pellet)
A s 3.0 - 22.7 o237 10
o w7 s 4
20 347 . 15.7 . 36.2 . 5.6
i A, 5 32 - w0 91 64
% | “,“ o 349 23.3 223 0 3.8
5 | © 20 316 - 194 236 - 5.0
. - = ) | |
i Secar 250 5 . 30.8 135 225 3.1
- To w7 120 0 36.0 | 2.4
20 3.5 130 3007 3.0
CA-25 5 37.0 .. -26.4 23.0% 5.2
BT 39.8 2309 - 28.0% 1.2
20 %.8 - 20.1 Co31.ax 4.0

*Incomp]ete:reaction



Task

Completion of Data Ana]ysi$ ‘

from Prior Exposure Tests

Specimen Preparation/Char- .

acterization -

Experiments .

a. Task I, Degree of
Saturation

b. Task 11, Liquid Versus

~ Vapor Corrosion

c. Task III, Pressure/ o
Temperature‘Cycling

d. Task IV, Hydrothérma]
Reaction of CA Com-
pounds ‘

Pre- and Post-Exposure

Characterization of .

Spec
Repo

©d.

b.

imens
rts ‘
Quarterly

Fina1 .'

1978

'Cbmp1ete'i

M3 J A-S O ND

v

1979 N [
J FMAMJIJIASIOCNTDIIJFMA

v “'v‘-." :

Y
S '.Z'

- = = - | >

Figure 1. MWork Schedule, 1 May 1978 to 30 April 1980
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Fig..3. Weight % boehmite and CaCO3 as a function of the degree of

“saturation for CA-25 exposed to pure steam for 10 days;
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CONTROLS SATURATED  IMMERSED

(Fired 500°F) VAPOR INLIQUID
- 18h,Air , o

Fig. 4. Room Temperature Modulus of' Rupture blf Castables.
- After 10-:Day Exp‘osure to Saturated Steam, 1000 .
psia/545°F. | B a
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. EXPOSED g' 410 PSIA_/447‘-’F PURE STEAM FOR_ 10 DAYS



FIGURE 6 TERNARY REPRESENTATION
(IN_MOL %) OF Alp03>C00-
H,O_SYSTEMS SHOWING

 COMPOSITIONS . C,A
‘STUDIED. o
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CA
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Fig. 7
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 OF Al;03-Ca0-Hs0 SYSTEM
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