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ingredients, at inter ne’aumneenpmmm digh-alihing refractomt qgment giad anprocsssi fon 10

ensures t .he strengt heegt ;;%gp?rgﬁg rlposeV\AP Ghe mveentrprycrisr %upro&de gne%?%v?thlg%wt es

at these internmedi at Rfractory properties, but which can be used under conditions similar to those
10 applicable to conventional cements. This new refractory’ cement also offers the general
advantage of allowing simple starting materials to be used. - 15

This invention relates to a high-alumina- refractory cement which contains, in
addition to ingredients adapted to form a hydraulic bond, one or more ingredients
adapted to form a phosphatic chemical bond.

15 ' This new high-alumina refractory cement offers an unexpected solution to the
problem of deficiencies in performance that can occur at intermediate temperatures
- with concretes obtdined using only aluminous binders. Previously, this problem was
solved by mixing -the ingredient designed to produce a hydraulic bond with a filler;
this produces ceramic bonds at intermediate temperatures, at which hydraulic bonds
2 deteriorate. The ceramic bonds result from sintering of the filer with the other 20
- - ingredients, at intermediate temperatures. This premature ceramization ensures the
. strength of the concrete when' the hydraulic bond detenorates at these mtermedlate
temperatures. :
S .The high alumma refractory cement according to the invention offers hrgh _
25 performances at intermediate temperatures. 25
: According .to this invention we provide a high alumina refractory cement com-
prising alumina, an aluminous clinker containing calcium aluminate (CA) and having -
a Blaine specific surface-area of 3000 to 5000 cm?/g for forming a hydrauhc bond
- and 0.5 to 5%, by weight in relation to the weight of the whole composition of at least
30 one water soluble alkalr metal phosphate expressed as P,Os, for formmg a phosph:atrc 30
chemical bond. ..

This: phosphatic chexmcal bond offers an' unexpecued cheap, srmple solution to

the problem of the zone of weakness found at intermediate temperatures in concretes
. made from conventional high-alumina cements.
35 " The secondary ingredients consists of compounds normally used in this field, 35
for example carboxylic acids and their salts, such as monosodium citrate.

In one embodiment of the invention, the ingredients designed to promote the
phosphatic chemical bond consist of 0.5 to 5%, by weight (expressed as phosphorus
pentoxide P,O;), in relation to the weight of high-alumina cement, of at least one _

40 - water soluble alkali metal phosphate. The content of water soluble alkali metal 40
phosphate, expressed as P,Os, is preferably between 1.5 and 5%,. Moreover, in another
embodiment of the invention, the water soluble alkali metal phosphate is sodium
hexametaphosphate, tripolyphosphate or pentapolyphosphate. It is preferably sodium
hexametaphosphate.

45 In one embodiment of the invention, the ingredients adapted to form a hydraulic 45
bond consist of a ground clinker obtained from aluminous materials on the one hand,
and calcarious or dolomitic materials on the other.

According to another feature of the invention, the ingredients adapted to form a
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The aluminous material used to make the clinker is selected from bauxites,
30 laterites or other aluminous ores and particularly red bauxites, white bauxites with low 30
iron oxide content, or hydrated or calcined aluminas. The BET specific surface-area
of the calcined alumina added to the clinker is preferably between 0.5 and 10 m?/g.
The invention is illustrated by, without being:confined to, the following examples,
whxehwxllrevealotherbeneﬁtstheteof Allperoenmgesarebywelght. :

35 EXAMPLES 1 to 10. - 35
520 kg hxgh-aIumma cement clinker containing approxxmanely 70‘%> CA (IBlame
-surface area 3700 cm®g) was placed ih a Lodige batch. ‘mixer, together with 480 kg
of a commercial alumina reground to 6000 cm?g and containing at least 90% o=
alumina; additives, namely sodium hexametaphosphate and ‘monosodium c1trate, : :
40 also placed in the mixer. 40
Table I below shows the quantities of sodmm hexamemphosphate (also expressed '
as P/O;) and monosodium citrate added. -
The effect of the soluble alkali' metal phosphate content on the hydraulic and
}'reﬁ!-’algtoiry properties of fireclay concretes made from thxs cement 1s also shown in
45 a :
‘This table shows that performances in flexion (F) and in compression (C) after e
heatmg and: cooling agam to room temperature are, htﬂe aﬂecned by possible variations
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surface area 3700 cnferr]g) was placed in a Lodige batch m xer, together
with 480 kg of a COhTTEI’CI al alum na reground to 6000 cnRg and cont ai ni ng at

rmnosodl um ci trate were 40 al so pl aced in the mxer. Table-l beI ow
shows the quantities of sodi um hexanet aphosphate (al so expressed as [err])
and sfpnosodi um citrate added. The effect of the soluble alkali netal
phate content on the hydraulic and refractory properties of fireclay
contretes nmade fromthis cenent is ‘also shown in 45 Table |I.

45 Thigs tabl e shows that perfornmid#86in flexion (F) and in conpgession (C)
after heating eflicaOblytig of g hithlaRmirAFiR feoiFPal anuitdroar € [ 1ttle affected by

possi bl e vari adxamries § mdaddvetaleuae followmg'&ﬁﬁpwaﬁn S _ S —
3 [err] 4 . 1, 554, 496
4 Chem cal aned’ysi‘s—m—rhe—hT'gT\-—a'l'um'na—fm‘sr”anr‘UGnent from exanpl es
8 and 9 revealled the i gig,owi ng conpgsi tion: oﬁ;Qerr] SN
0,15 * J[err] | _ 79,80 * CaO
14,90 * [err] |(free) * ALO, : 47,4398 [err]
0,05 * [err] - ' 0, * Na20
1,50 * [err] - * Ca0 | _0,13‘}’?0[err]
2,48 * Fire | ¢gsses * AL,0, (free) ] 0,7. 47,45 :

* Fe,0, . | 0,05

* K,0 0,01

* Na,0 | | 1,50

% 50, ' 0,0

* PO, | 2,48

* Fire losses ' ' . 0,7

Grain-sizes, measured with a laser technique, were as follows:

Diameter (microns) . ) P_ercentage
<2 . . .i4
<4 R .. 35
<8 | 60

<16 ; | 74
| <32 - R : 85
<64 | _ 97

_F inally, the following physical properties were measured:

¥ Density : ' 3,29 -

* Blaine specific
- surface-area (cm®/g) . - 4370

* BET surface-a_iea .(m’/g) - 1

* Amount of water _
required for pure paste 24%




G ain-sizes, nmeasured with a | aser technique, were as follows: D aneter

(m crons) Percentage < 2 14 <4
35 <8 60 <16 74
< 32 ~ 85 <64 97
Finally, the follow ng physical properties were neasured: * Density
3,29 *Bl aine specific surface-area (cn2/g) 4370 * BET surface-arg
(er/ g) I * Amount. of water required for pure paste 24% |

" 1,554,496 :
S Thi's high-alym na refractory cement doesl,smp;gmecessarl |y need to be 5
prepar ed in aTodige DRF Xer NEke £ iof
m xers, ogefating CQ%@UE f‘%ﬁ%.@ é%?@ naoEj nogg%ﬁ%tdﬁ operatmg
520 kg of al um nous cénkihddtsBy #adllykg of al um na were pl aced inamll
and 5 ground together. unt|I a BI ai ne S eC|f| surface area of 4900 g/cmZ
was obtai ned. 40 kg of di hexa m
citrate Were tRen a@ﬁﬁ&f% tgéiafwumm Bihd mli?ese c)ﬁﬁfm-ﬁgdﬁd%g%ﬁég %ﬁgﬂ luge as

in Exanples 1 to 10of EHmﬂaeameﬁm@hﬁé esl 3 @.Gf&ncfnb@dihxbh&rat&@ﬁ&ﬁhcnfﬂdddd\ﬂlaﬁpl es
7 and 8 had appr oxi -mixed mamlxmmsl aanep@ ¥ i @91%5 Tab,l e |l as
those obtai ned, during Té§{’é‘§p » 10

grinding material's Ea&%ie.esm mfgg:gaf ?éﬂeat@%dm otHer B 15 AR
grinder in the inst apekiattalndina ghindes usmveﬁtamw (s RivesCaqBipment BOSANPLES 12 and

13. High-alum na refractory .cenents were ﬁrfnq from 930 kg- of clinker

EXAM
cont ai ni ng High-alumina refractory cements were prepared from 930 kg of clinker containing

15 70%, of CA, 70 kg of alumina and 40 kg of HMP (Example 12) or 50 kg of HMP 15
- (Example 13), following the procedure described for Examples 1 to 10. The resulting
cements contained 63%, CA and 2.48%, (Example 12) and 3.1%/ (Example 13) by
weight of PO, that is to say 4% and 5% of HMP respectively. Fireclay concretes
made from these cements had the properties shown in Table IT below.




15 70% of CA, 70 kg of alum na and 40 kg of HWP (Exanple 12) or 50 kg
of HWP 15 (Exanple 13), followi ng the procedure described for Exanpl es
1 t e resulting cenents contained 63% CA and 2.48% and
3.1% (Exanmpl e 13) by weight of P20, that is to say 4% and 5% of HWP
respectlvely Fireclay concretes nmade fromthese.cenents had the propertles

S in Table Il bel ow 1, 554, 496
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15 A high-alum na refractory cenent was prepared by the nethods
described in 15 Exanples 7 and 8, except that a reground cal ci ned
alumina with a Blaine specific surface-area of 22000 ecnferr]/g (BFT=10

nmMerr]/g) was used. Fireclay concretes (42-44%J[err]) and tabul ar al um na

concretes ,(0-7 mm); containing 500 kg of cenent per cubic netre of
concrete poured, had the properties 20 shown in Table V bel ow _ 2
20 TABLE V Concrete contai ning 500 kg/nferr] cement 200C Af t er
heati ng .4h 11000C ~ 1400[ err] C Aggregat e WcC
F C 7 F - C F 1,55¢;496 Fi r ecl ay 0,34 -7
25 160 123 . 870 2925 1320 * _Tabul ar alum na 0, 36
32 180" 162 1060 236 1190 "“This fement in fadt al so
contains al um na, which acts] as |a flkJ ¢r gand akso pf oduces S cer am ¢ bond.
Cenment prepared in this way jinvdl ves t§r & bon¥i ng Jr'r»nm pl'es dhem cal ,
hydraul {_ ¢-25 and ceram. ;,tl‘ls s Jhat distingufshes it frorph other
cements It can be used as a |pasi s° p5-flor—+efractorf—cohcretes—hi ch have
to withstand particul arly severe §o1d| i ons. EXAMPLE 21. Hi gh-aljum na
refractory cement was nmade by &tle npwhqd§ descp bed| i Exanpl es |7 and 8,
using 210 kg of alum nous cl| nkgr cent gi ni ng approx| mately 70% qf CA and 30
790 kg of aIumnaregroundto_§C00 e gqrr]/g. - : . :
30 Table VI bel ow shows the prggert{es]of frrecl ay concretes nmade fromthis
cement Because of the |ow éorten| off -the cenent|(~.16%, corcrete nmade
frbmit shows better resistagncelto :@rro§ on fﬁom car§ai n ®lter] netals.
9 . 1 1,5547496 | S ~
9 TABLE VI Fireclay (4%44%[err-]3; bongrete 200C_ |-
After heating 24h § ®1100% - TTO00C
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P ) ) ) > cien ) [
descrlbed in Exarrpl es 7 and 8, using 520 kg of aI umi nous cli nker cont ai ni ng

approximately 70% of CA, and 5 480 of wunder-cal ci ned al um na (BET=47
n2/ eground to approxi mately 22000 5 cn2/g, 40 kg of HWP and 3
kg @L Table VI1 bel ow shows the properties of fireclay concretes nmade
fro hese cenents. TABLE VII Fireclay (42-44%/[err]) concrete Storage at
20[ errBC Aft er . heati nigSsé96 . 24h go0[err] C
1100[ err] C Exanpl e wWC AMlJiE F C .

F C 22 OA3figh-alumina refrdctory Qeﬁxmt was btle using tlig%ethodsflﬁsm'beﬁﬁﬁ 64 \/7150
10 WESV\E) IILA'bMSISGkg of clmker contammg approxlmately 17%, of dolomitic

10 1. hi g prsnm #9keah al umi nous
cl i nke con Wd’g M$f F%i‘u spedi fNCs
surface- areab to err ormng a hy #aullc bond and 0.5

to 5% by welght in relatlon to the wei ght of the whole corrposltlon of at’

| east. one vva 0 ubl aI EXMPI&ES ﬁ Baat expressed as [err]
for f m ng o ‘?'S um ge meﬁnodst;l&scribe lm

cerrent as d ) bkl E_c mi"%ﬁtugééf“‘? sol ub’l e aI kall
nmet al phosphat'éableenprab:wsembwa pertics Sf Hiedclay gl frodiothede A cenent as
defined in &% 1, in which the water aI kali netal phosphate is a sodium
pol yphosphate. 20 4 gxAMH! ﬁn@ spefined in claim3, in which the
wat er ygol ubl e glﬂ@lﬂuﬁmtaﬁ,@ pﬁ.\%{@d &oﬁm Iags&wt,@phosghate 5.

A cenent asExheplenZdnd 8, elcgpt nhaiafregrduheml@mntahmﬁnngthaakmnémcw dolomtic

mat eri al's f #wfages %ﬁgﬁlﬁg’gﬁ% sedAQerrent as. defipned in claim1,
in which thg, E@f %Ze y wei ght of
nonocapci um 25 799 A cenent

as defined in claim1l conprising _from 65 to 95%of al um nous materi al
cal cul ated as A1203, said al um negEH rial conprising calcined alum na

Concrete containing 500 kg/m® cément

20°C After heating

a | e 1400°C

' Aggregate wec | B | ¢} F c | r | c

* Fireclay 0,34 25 | 160 | 123 | 870 | 225 | 1320

* Tabular alumina 0,36 : 32 180 162 1060 | 236 1190

_ Thxscementmfactalsocontamsalumma,whxchacts as a filler and also
produces a ceramic bond.
Cement prepared in this way involves three bondmg pnnczples chemical, hydraulic
25 and ceramic; this is what distinguishes it from other cements. It can be used as a basis 25
for refractory concretes whlch have to withstand pamcularly severe condmons

: EXAMPLE 21. '
ngh-alumma refractory cement was made by the methods described in Examples
7 and 8, using 210 kg of aluminous clinker contammg a-pprommaﬁely 70%, of CA and
30 790 kg of alumina reground to 6000-cm®/g. 30
: _ Table VI below shows the properties of fireclay concretes made from this cement. ‘
" Because of the low CA content ‘of the cement (~16%), concrete made from it
shows better resistance to corrosion from certain molten metals.



and cal

cium alum nates present in the ground clinker.

8. A cenent as

defined in claim1, which has a m ni num Bl ai ne specific surface 30

1, 554, 496 -

area of 4300 g/cn?. :
30 9. A cenent as defi ned inclaim 1, further containing carboxylic acli ds
or their salts. 9
9 YABLE VI Fireclay (42-44% [err]) concrete 20[err]C
After heating 24h 1100C 11000C
W F C C F

¥, 26 ros—— L3kt 470 ro 2

Exanples—# S~ "3:4r"|g 520—g—ef—atthots—ettrker—contatr it
appr oki mat el 70% of CA, and SFireclay (48Q4%fa1NTescee! ci ned al 4
merr]|/g) redround | \.22000 ;
and 3| kg of NC. Tabje VII2€l ow s ovxs t he praipendadtieg of fired
made [romthgse ce . Feelay—(42r445%t-ef+—es
at 20jerr]C 2t er heati ngligi€ 100RC
11000 Exanplle W-S = -5 = >

F Ebamdte w/Cc 0] 38F 2 B5 c20 F18D  C63
64 450 10 MEAL E O :

10 1.} A high Jaluni ng refragtory cp g al.un} na
clinker ébntd rﬁ':ﬁ‘g al {’um [?%1 Ot enSt(SCA c? htw n%f g?(ﬁe
surfa@erareaﬂuﬁ—Bﬁﬁé-rU‘ﬁu cierTi7gt r‘rornlng a nyarau11

to 5% by wei ght

| east o
5

\k%ghalung% tiwagrade by scribed in Examples
ne , using 5 ?g oﬁl??nﬁgg mker containing a ately 709, of CA, and

480 of under-calcined alumina (BET=47 m?/g) reground to approximately 22000
cm?/g, 40 kg of HMP and 3 kg of MC.
Table VII below shows the properties of fireclay concretes made from these

cements.
TABLE VII

in relati on EXAMBEE\22| ght of the whole corrp05| tion of

Example

Fireclay (42—-44% Al,0;) concrete

Storage at 20°C After heating

6h 24h 800°C 1100°C

w/C F F| C F| C

22 0.38 12 85 20 180 63 658 64

450
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15

25

30

WHAT WE CLAIM IS:—

1. A high alumina refractory cement comprising alumina, an aluminous clinker
containing calcium aluminate (CA) and having a Blaine specific surface-area of 3000
to 5000 cm?/g for forming a hydrauhc bond and 0.5 to 5%/, by weight in relation to
the weight of the whole composition of at least one water soluble alkali metal phosphate
expressed as P,O;, for forming a phosphatic chemical bond.

2. A cement as defined in claim 1, in which the content of water soluble alkali
metal phosphate, expressed as P,O, is between 1.5 and 5%,.

3. A cement as defined in claim 1, in which the water alkali metal phosphate is
a sodxum polyphosphate.

4. A cement as defined in claim 3, in which the water soluble alkah metal phos-
phate is sodium hexametaphosphate

5. A cement as defined in claim 1 further containing calcitic or dolomitic materials
for forming a hydraulic bond.

6. A cement as defined in claim 1, in which the aluminous clinker contains at
least 359, by weight of monocalcmm alummate ( CA)

7. A cement as defined in claim 1 comprising from 65 to 959 of aluminous
material calkculated as Al,O;, said aluminous material comprising calcined alumina
and calcium aluminates present in the ground clinker.

8. A cement as defined in claim 1, which has 2 minimum Blaine specific surface
area of 4300 g/cm?,

L 9. A cement as defined in claim 1, further containing carboxylic acids or their
salts.
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15 expressed as [err], for form ng a phosphatic chem cal bond.
15 2. A cenent as defl ned inclaiml, in V\/m ch the content of water sol uble
al kal'i A

cement as defl ned in cI ai ml H’l Whl ch the vvat er alkali netal phosphate is
a sodi um pol yphosphate. 20 . 4. A cenent asdefined-tmclaim3, in

whi ch the’water soluble alkali netal phos- 20 p
hexanmet aphosphate. 5. A cenent as defined.in clai aumjlmﬂi ﬂ rmkl ni ng
calcitic or dolonmtic materials for formng a hy cerrent

as defined in glaim1, in which the al un ngs6496!1 i nker cont ai ns at_25

| east 3'5°<0 by werght of nonocal ci um al um n - C@_F

25 7. Ac nt as defined in claim]l conpﬁﬁ%!q(%\ om65 to 95%of al um nous
materi al cal cul at Fo—as [qrr], SErd al um nous material _conprising cal Ci nﬁfl
al unina and cal ci im al unifnat es present i n Fitelay(Buftk ehQdicetcre!s. A cene
as defined.in clalm1l, which has— arne SpeCITIC sSUTTace 30
area of S:?'OO g/ cnp. . -l . C After heating

30 9. A cenent as|defined in clfrm T rurthercontal iEng cgr DOXY 1 G acT ds
or their salts. 10 - 2 1, 554°%56

10 10. A cenent a$ defindd in c[am9 Juriner| cont al|n ng_nonosodi §im
citrate. 11. A pr pEsmwleofl W6 np aFhi gh- afunijna Fef rjact g’ry cemEnt [accédr d* ng
to claim1 wherei p—the—cgment—cHker —fnd—catcr e arum a j|@re gr ound

together, and thejal kal i nq)t_ﬁ‘l ' Jho%)ha e ged [any sot Her gr@griedi apt $ armo

I\)

m xed in after grinding.. 1p. A process nmeki ng_hi gh]al uni n
fire resistant cenent accordl ng to claim 1. 5 by m xi ng toget her a ground
al umi nous clinker contaj.ning.calgi um al FFAMPLE g&tbe(g ine

as made m
specific surface of 3 3% nfl t he
al kal'i met al DBOSphalse oft RiGshink TQBE’EQK‘BBPQ)% tqommmtenszzomfl neds
in claim112, in whi cim?fgh40 kglof HMPeod3 kd of MCer Pround 10 det& a BI al ne
specific surface area JEolsaBb belew stnys W@P‘F‘]"? reclay concretes ma

10 14. A process as Ge¥hed in claimi1l or cIa|m12 in which 20 to 90% of

clinker : ' TABLE VII
Fireclay (42—44% Al,0,) concrete
Stc;rage at 20'°C. B After heating
ceho 2w | soo‘fc' T imwoec
Example | W/C F | C Fl c| r|l c| F]| C
2 0.38 12 | 85 | 2 iso 63 | 658 | 64 | as0
10 WHAT WE CLAIM IS:— 10

1. A high alumina- refractory cement comprising alumina, an aluminous clinker
containing calcium aluminate (CA) and having a Blaine specific surface-area of 3000
to 5000 cm*®/g for forming a hydraulic bond and 0.5 to 5% by weight in relation to
the weight of the whole composition of at least one water soluble alkali metal phosphate
15 expressed as P;Os, for forming a phosphatic chemical bond. 15
2. A cement as defined in claim 1, in which the content of water soluble alkali
metal phosphate, expressed as PzO., is betwem 1.5 and 59%.
. 3. A cement as defined in claim 1, in which the water alkali metal phosphate is
a sodium polyphosphate. :
20 4. A cement as defined in claim 3, in which the water soluble alkah metal phos- .20
: phate is sodium hexametaphosphate.
" 5. A cement as defined in claim 1 further containing calcitic or dolommc materials
. : for forming a hydraulic bond.
' 6. A cement as defined in claim 1, in which the aluminous clmker contains at :
25 least 359, by weight of monocalcium alummate (CA). 25
7. A cement as defined in claim 1 comprising from 65 to 95% of aluminous
material calculated as Al,O,, said aluminous material comprising calcined alumina
and calcium aluminates present in the ground clinker.
: 8. A cement as defined in claim 1, which has a minimum Blaine specific surface
30 area of 4300 g/cm?. 30
9. A cement as defined in claim ‘1, further contammg carboxylic acids or their .
salts.



containing at |east 35% of nonocal cium alumnate, 2 to 79% of cal ci ned

alumna with a BET specific area of between 0.3 and 50 nferr]/g, and 0.5 to
5% of water soluble alkali netal phosphate expressed as—a pmm\m age—af the

wei ght of [err] are m xed 15 toget her .
15 15. A process as defined in claim11l or claim 12 in which the ctinker is

ai ned by fusing or sintering alum nous material.s and cal citic and/or
@omtlc materials at between 1400 and 1700C. 16. +A process as. defined in

aim 15 in which the al um nous rraterl al is selected 20 fromred
bauxi® es. whi d or

cal ci ned ZQOah%eﬂﬁédeﬁnZdnAla%g%ﬁﬁﬁréﬁmiﬂﬁﬁh&ﬁMuﬁ&&a&' m 16 in which, the
BAT speci fi cl1sArpratese ofnskingQf highadunsithOetiacoty @mee decaddingitnéaiinsl bet Ween\'(f‘S‘ and

10 nf err]wlgtrelm @nﬂmlcm&dmwgmde% algliDyer' s Bui | di n&

- Hol b é“ Al Printed far Her
Maj e_ty s%% ﬁ Sibing baichian slbiad %&n’;n spd. 9979,

Publ i shedaddyhdving aPBthifd) kpefiid sueface o BOGD tol F0DORMEgmPByfevialislh gsound ondon, WC2A 1AY,
from whic hlum'n;p iteelkalbpety) phospliateiandagy other msred!ents _
A process as defined in claim 12, in which the aluminous clinker is ground :
10 to a Blaine specific surface area of 3600 to 4000 cm?/g. . - 10
14. A process as defined in claim 11 or claim 12mwh1ch20to90% of clinker
' " containing at least 35% of monocalcium aluminate, 2 to 79%, of calcined alumina
. with a BET specific area of between 0.3 and 50 m?/g, and 0.5 to 5%, of water soluble
alkali metal phosphate expressed as a percentage of the weight of P05, are mixed
together,

15 15. A process as defined in claim 11 or claim 12 in which the clinker is obtained
by fusing or sintering aluminous manenals and wcalcitic andfor dolomitic materials at
between 1400 and 1700°C.

16. A process as-defined in claim 15 in which the aluminous material is selected

20 . from red bauxites, white bauxites with low iron oxide content and hydrated or calcined 20
aluminas.

~ 17. A process as defined in claim lewhlchtheBATspectﬁcsunfaoeareaof
theaddedcalcmedalumma:sbetweenOSanlem’/g.

15
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