WD 03/ 081192 PCTI US03/ 00914 PROTECTI VE CAP FOR A THERMOCOUPLE I N A
GASI FI ER  BACKGROUND OF THE I NVENTION This invention relates to gasifiers
and nore f{Rydsjbarly to a novel cap device and nethod EQﬁwB%ﬁ&ﬁﬁI'Dg_a
t hermocoupl e and the proximl vessel shell of a gasifier 1n the vicinity
of the thernocouple. Gasifiers of the type shown in U S. Patent Nos.
2,809,104 5 and 5, 484,554 process carbonaceous fuels including coal,
petrol eum coke, gas and oil to produce gaseous m xtures of hydrogen and

carbon nonoxid q:me ' ' ci ng gas
and fuel gas. %lé ousﬁgﬁfgg’y%%%@ﬁﬁ*@@m&@?ﬁe‘g@ﬁm react or
10 shell or vessel forned of steel and lined on the inside with one or nore
| ayers of insulating and rif RN THE BNVENIION re clay and fire
brick, also referred to as refractory lining or refractory brick. The

I nside space of the gasifier includes a reacti?n chanber mherelnfphe
conversion of carbonac . : ca sifier
operating 15 temeraturggﬂigldéﬁgﬁ%gel r%ﬁg%gg%gfﬁn&a&qrg¥%aiaﬁﬂ'ﬁ8 43000 F.
Typi cal gasif mrmmprd%tridegnamﬁwﬁﬁIﬁmcﬁﬁga%&ﬁﬁ%%&ehﬁda{kﬂ at nospher es.
I'f tenperatures in a gasifier rise above predetermned [imts, the inside
refractory |i npmxinehvesselshell of aigasifiey in theddcinith of tecthbrngaupleer  shel |

unprotected frompotential ly danaging heat conditions. |f the 20 operating
tenperatures in the gasi(g‘qséﬁefélé e e Vet RatantNoso2,.809.:40¢s, t he

i fi [ ' f b fuel t have a | ow
gast {1 oat! o8, SRS A5 LARARLIRIAGSRURIIHEY ob) SBSHSR 1o 2 o
relating to tegpkd,dabbfd b6 Bﬁ)ﬁeg%ﬁ%@g%s%ﬂ%@@f ddiRQE gt i ndi cator

of whether optinmumTgasification co
monoxide, known variably as synthesis gas, coal gas, reducing gas and

A\

fuel gas.
The housing of a gasifier usually includes an outer reactor
10 shell or vessel formed of steel and lined on the inside with one or more
layers of insulating and refractory material such as fire clay and fire
brick, also referred to as refractory lining or refractory brick. The inside
space of the gasifier includes a reaction chamber wherein the conversion
of carbonaceous fuel to gas takes place. Typical gasifier operating
15  temperatures can range from approximately 2200° F to 3000° F. Typical
gasifier operating pressures can range from 10 to 200 atmospheres.

If temperatures in a gasifier rise above predetermined limits,
the inside refractory lining can melt and thereby render the steel gasifier
shell unprotected from potentially damaging heat conditions. If the

20  operating temperatures in the gasifier decrease below predetermined
limits, the gasification conversion rate from carbonaceous fuel to gas can
have a low operating efficiency resulting in inadequate gas production.
Information relating to temperature inside the gasifier is thus an

important indicator of whether optimum gasification conditions exist. In
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WO 03/081192 PCT/ US03/00914 carrying out the neasurenent of tenperature
inside the gasifier it is well known to install one or nore thernocoupl es
at one orwggmsieyels in the refractory lining of the g@@ﬂyﬁgmg

Ther nocoupl es are often provided at m dl evel and/or | ower & wal | |eve
sections of a gasifier. Tenperature neasurenent at these |evels can also
be used to extrapolate information regarding operating conditions at other
| evel s of the gasifier. The nunber of thernocouples wused normally depends

on the type of | A su .CQ or |ight
oil, and the arfa%r&%ks &’ﬂcdé?ggg%gﬂg 1gs&plC %‘ﬁu%@% ?%%mf(gag%ﬁgg'l%&%gasi fiers
may enpl oy ei qmomrmaﬁésfmofrethe%am;ﬁes at'\¥neoR &fork Q¥ el MAEL NG units or
non-slagging units may use only two thernocouples, for exanple. In one
known gasi f i errefractetyolmjag @f thehgasifieroupl e cavity accommbdates an el ongat ed
t her nrocoupl e t hat extends t hrough the 15 ga5|f|er shel |l and the inner
refractory lining to th Ehermoconplgs areafisarprovided atmidlgyel tand/arleWefbcoupl e i s

ted th fi.er shell. and. DPOS| end of t er nocouple is
7 ebbesed 1 Pom et legd ettt ereisite TBRBRIhGe AReBRmat it 1 Known as
the hot-face guydi@gs alg- Be GEQPR gbﬁ%ﬁ&hﬁﬁon%gégéﬁlg Jsb%\i/ upl e cavity

Is usually kept as small as possi to prevent eat from

reachi ng the geaditions atbihkt levbls @f gl ga3éfidrh Ahenmeitier of tikfitiobyuplésn some known
gasifiers, the refrac tory lining includes one or nore ad] acent | ayers of
refractory natused aprna @@nﬂ%onélmiarpyOSfeethockmwé@dmrtiaelgamﬁkr,| s known to

?éﬁgg?aﬁarlet ofsuf’a# iigb gg E@%%&E’e ﬁ‘gkllst%ﬁégu"eﬁ'o%a{‘ relative to
the gasifigr Ss@*ﬁn% expan | onﬁaf?@?g#@@g’c&ﬁﬁ@ﬁ& &‘anlilﬁgper ature and

coefficient of
whereas low slagging units or non-slagging units may use only two

thermocouples, for example.

In one known gasifier an elongated thermocouple cavity

accommodates an elongated thermocouple that extends through the

15 gasifier shell and the inner refractory lining to the reaction chamber. One
end of the thermocouple is supported on the gasifier shell and an opposite
end of the thermocouple is recessed from a heat exposed surface of the
refractory lining, known as the hot-face surface. The cross-sectional area
of the thermocouple cavity is usually kept as small as possible to prevent

20  excessive heat from reaching the gasifier shell through the thermocouple
cavity.

In some known gasifiers, the refractory lining includes one
or more adjacent layers of refractory material such as refractory brick.
Refractory brick is known to expand as it heats up from ambient |

25 temperature to the operating temperature of the gasifier. The refractory
« brick thus “moves” relative to the gasifier shell during thermal expansion
because of temperature and coefficient of thermal expansion differences

between the refractory lining and the gasifier shell. A thermocouple
2-




between the refractory lining and the gasifier shell. A thernocouple -2 WO
03/ 081192 PCT/ US03/00914 cavity in the refractory lining wll also nove
rel ative wo dspeigasi fier shell as a consequence of ther mplorf% jon of the
refractory lining. Since the thernocouple is fixed to the gasiftier shell,
thermal expansion of the refractory brick lining will usually result in a
rel ative change 5 of position between the thernocouple and the

t her nocoupl e cavity. The thernocouple cavity thus has an amnbi ent

by ont ¢ enporarny B bRty thtag fu AbITPRERIRLE SHAFARIEIAE (0T
al so has an opghabhiubRIPST REMAA eﬂ?éﬂsidﬂ’ﬂfthé%ﬁédw&ﬁxﬁnghe t her mocoupl e
that is different fromthe anbient tenperature 10 position and corresponds

to the operating tenperSince thedherhidcoupleas fixedto thegatifier shell, thesmmakl |  known
that nolten slag fornms_on the hot-face. surface of the refractory lining in

the gasifier @&Pnsipn elthe sefjagtenydmickslning mill ysuallyseplhmcemldiverbpage o gas.

Mol t I |1y f 15. d dl I | | tical ti

of the hot I adbouritipn eevec i HaRABLStalk Ard e RS ople S Moo the

general 1y _hor khHoBbuplbRayHP ARNMAE of Aitlbloht Wi RBnd DesifisH HIMivB TR 11 Lhe
he refractory |1 ning. ag t

hot face surface o t enters the

t her nocoupl e dasthdoygouplelcormegydnididgd v dn dnhbiert temipptatirelcpnditiog dfltiee cl ear ance
space in the thernmocouple 20 cavity between the thernocouple and the wall
of the thernogasifiee Thathermocauplecatitalsmbes ansopesatingigmperatyrerfioaiiioad ar ound

h h I b I | [ . ) h |
Lhe. Lher mcoul & D, Sk ftncurl Sl or a0 awersnl oL Ll Lhetoouple
25 refracygry phliRhh dnf 2Bttt 3@ e Betfth gtk AYe otk Ronbitoh TeapHP! € cavity

to

gasifier.

It is well known that molten slag forms on the hot-face
surface of the refractory lining in the gasifier during the conversion of
numerous carbonaceous fuels to gas. Molten slag usually flows

15 downwardly along generally vertical portions of the hot-face surface.
Downwardly moving slag can migrate into the generally horizontal
thermocouple cavity through the cavity opening in the hot-face surface of
the refractory lining. Slag that enters the thermocouple cavity will
partially fill or completely clog the clearance space in the thermocouple

20 cavity between the thermocouple and the wall of the thermocouple
cavity.

Once clearance is reduced or eliminated around the
thermocouple by slag accumulation any movement of the thermocouple
cavity relative to the thermocouple due to expansion or contraction of the

25 refractory lining can cause solidified slag in the thermocouple cavity to
exert a force that is vertically directed up or down against the
thermocouple. Such force can cause shearing of the thermocouple which

is relatively immovable since it is supported on the gasifier shell.
. 3.




exert a force that is vertically directed up or down agai nst the
t hernmocoupl e. Such force can cause shearing of the thernocouple which is
rel ativel wg ¢sggy@p!l € since it is supported on the gasifi g Lboo1q 3 VO
03/ 081192 PCT/ US03/ 00914 Casifiers occasionally need maintenance or
repair. Some repairs are best acconplished after the gasifier is cooled
down from operating tenperature to anbient tenperature. During the cool
down stage, the refractory lining contracts. Such contraction causes a
change in 5 position of [dy. e | {0

9 P dagﬁegc}gt{cqgﬁﬂéiﬂ} e 5131¥enan%l+é§?1{ r\é?%ﬁ. S&ﬁlﬁ

t her nocoupl e. Thus, during own -of the gasl er nocoupl e damage

can occur,  esppsirshrdelbest adcbfiplifRddEER I Sasifior it ¥odled dbR@IBsInW t h o
solidified slag. As previously nmentioned novenent of the refractory |ining

during cool doperatingstempetatursitagnibientdempératpre. Dygag théresaldowupl e cavity
10 to push against the _relatjvely fixed thernocouple and exert a force
agai nst the t 8P tlisifisfactomn faing soptragts: SHoh RoRIEAcHON GAEsSS aicﬁﬁwew on the

t her nocoupl j et i _ fler is
cool ed d 0\/vn5ef giésﬁto%g?iitge Ellt: 5 'é‘log&égp t% %ﬁ?}h%l%tﬁét%%@%%@&?éﬁ%@ﬁsc ause
damage or sheafy &Jol ABEMIT tﬁ@%&iﬁ&?ﬂi&ﬁ@é@hﬂ§ dﬁzﬁggé‘@ﬁﬁéc%hi&,at e 15 renoval
and repl acenent of the damaged Thernbcoupl es.” Ther nbcoupl e repair or

repl acenent neegpedislly ifdtheihreemacouptevavituis chéggedrwidnsalidifiedslagat has
accunul ated in the thernocouple_cavity. _Renoval of the solidjfied slag
from the thernocoupl e cA§Previensly meatinaedimoxement ¢ffthe refeastory dining

thernocouple ig a ti consum ng, and 20 ei<pe Si v rocedure. It is thus

desirable to &W@%{fﬁg\y&c@we@%e %}pg a5 ?%gq%otﬁe@c?ﬁoé}?ﬁﬁév’c%er mocoupl e

cavi ty opeap ngoash sbadel 8 rQhtivdlf fikbs Blfle pfi@¥kdY o todcB aghiG 1t 1S
om no e rom

al so desirable I'mze transm SSI O
the thermocouple. Thus contraction induced forces imposed on the

thermocouple by slag in the thermocouple cavity when the gasifier is
cooled down for repairs unrelated to the thermocouple may also cause
damage or shearing of one or more thermocouples and necessitate

15 removal and replacement of the damaged thermocouples.

Thermocouple repair or replacement may also require a clean
out of hardened slag that has accumulated in the thermocouple cavity.
Removal of the solidified slag from the thermocouple cavity and
reinstallation of a replacement thermocouple is a time consuming and

20 expensive procedure.

It is thus desirable to obviate the problems of slag migration
into the thermocouple cavity opening and clogging of the thermocouple
cavity with slag. It is also desirable to minimize transmission of heat from
the reaction chamber to the shell of the gasifier through the thermocouple

25  cavity whether or not the gasifier produces slag. In addition, it is desirable
to protect the vessel or shell of the gasifier in the vicinity of the

thermocouple cavity.




the reaction chanber to the shell of the gasifier through the thernocouple
25 cavity whether or not the gasifier produces slag. In addition, it is
desi rabl ewd @/08{19% ect the vessel or shell of the gasifi eg, 'stﬁ%)%ci nity
of the thernocouple cavity. -4 WO 03/081192 PCT/ US03/ 00 f S AND
SUMVARY OF THE | NVENTI ON Anong t he several objects of the invention may be
noted the provision of a novel gasifier having protection for a

t hernocouple 5 and a thernocouple cavity and the vessel or shell of the
gasifier in the vicinity of the thernocouple cavity, a novel cap device for
protecting a thernocouple and a thernocouple cavity in a gasifier and the
vessel or shell of tOBJEETSAND SUMMARY OFTHE IVENEIONer nocoupl e
cavity, a novel countersunk cap for formng a protectiive covering for a

t her mocoupl e 10 cavi t yAopagitheséveral apgesits ofthe imventior mayshe mteted ce f or

rotecting a thernocquple cavity | gasifier, the cap having holes for
!toransm' ssigon tg?PF‘?‘P@P@G&Q&Y"%%‘F@%&%W%R?ﬁ‘iﬁ?tl%ilfRS CHRQPOBRlS ve cap for a
t her nocoupl | |1 ' ' | ned.4 ront, surface
portion to Sgi vdeniratéﬂlgﬁg%é&él%eycaf%r#gﬁggggg%%@gh%Hel %’ﬁké%m e cap, a
novel prot ect ivgingRf e thefmecdupRf SRAYURhEvERa d@@ﬁbff&?rotefcﬂﬁ gap having an
outer surface with a slag diverting Section ahd a recedi ng s%ction over
which slag is thbmmctoapleandamhanhoqmupieemvﬁtydnagasiﬁeramdtﬁwesm?upl eina
asifier, the cap having,a .slag djverting section_and a receding section
gver whi ch sl eﬁ@@f}ﬁv&aﬁp‘g‘d,m thendcingy ofithe thsanocayplacavitiga novels, a novel
protective cap, for a 20 therpocouple in.a gasifier, the cap having a slag
di verting secti% mébr‘ﬁ&acap%% ”G'Ii"r'l'ggp %BE‘%‘?‘%HYGC&L\?XP%f%WtBP%@Oq%&IPﬁq verted, the
recedi ng t ik ' hol LGl : L ze the

possi bili ??of&glﬁmﬁgg%ﬂ#? ow ﬁfg]%s ﬁgp%@gﬁ%%ﬁp&%ﬁﬁe hol es, and a
novel method dhemmoroapleicagity in a gasifier, the cap having holes for transmission

C

of limited heat through the cap, a novel protective cap for a thermocouple
in a gasifier, the cap having an inclined front surface portion to divert
slag away from other surface portions of the cap, a novel protective cap

15  for a thermocouple in a gasifier, the cap having an outer surface with a
slag diverting section and a receding section over which slag is diverted,
a novel protective cap for a thermocouple in a gasifier, the cap having a
slag diverting section and a receding section over which slag is diverted,
the receding section having holes, a novel protective cap for a

20  thermocouple in a gasifier, the cap having a slag diverting section and a
receding section over which slag is diverted, the receding section having
holes inclined upwardly to minimize the possibility of downwardly
flowing slag passing through the holes, and a novel method of protecting
a thermocouple in a gasifier and the vessel or shell of the gasifier in the

25  vicinity of the thermocouple cavity.

Other objects and features of the invention will be in part

apparent and in part pointed out hereinafter.
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a thernocouple in a gasifier and the vessel or shell of the gasifier in the
25 vicinity of the thernmocouple cavity. Qther objects and features of the

i nventi onwy dsos92 i N part apparent and in part pointed gﬁgmfggg/ﬁ)bﬁafter: -5
WO 03/081192 PCT/ US03/00914 In accordance with the invention a protective
cap for a thernocouple and a thernocouple cavity in a gasifier is installed
at an opening of the thernocouple cavity in a hot-face lining of the
reaction chanber of the gasifier. 5 1n a preferred enbodi mrent of the

i nvention the protectiv I s _a gepner.al ly. di sc-shaped structure that
i ncl udes an upper sl ag %%g%i%gé?nrcﬁ_dv& JREERG 4 B g?"eﬁ%l ¥ surface. Slag
i s thus defl eciggn Bb’oup‘l@@ndjﬁftﬂe?&bwgﬂégé\frigpﬁ PYRInd e sRARG R, SUr f ace Lo
bypass the receding surface. The receding surtace can be provided with one
or nore hol es Qp)erﬁﬂgbfﬂmrﬂnmiomﬂplewabhyﬁﬂlehbh&bmﬁﬁmg%ﬁhé@wcﬁ&m More than
one hole may facilitate manipul ation of the cap, and apart fromthis
consi der ati on ehfenbesof e gastfiaro f easi bl e. Pref ﬁrabl y Fhel h;)l e(fs) iare .
i nclined incan upward i rection.to,m,ni mze the possibili of slag an
excessive heat flowing f‘%ﬁP?ﬁf e‘?ﬁ@bﬂgm@}’?ﬂﬁtlﬁv WW‘E%P_FR%WI e cavity.
In gasifiers thafisq eﬂ@fall%%i%r-ﬁﬁggﬁsﬁﬁ ettﬁgtiﬁklﬂg?sdﬂ*x@? sfig surface and

e replaced by n

| ower receding surface ca a singlep ar rface. A

peri pher al edgéeftefctihgeuﬁhwamitlbmrﬁ@l@diﬁ%ssuﬁﬁ@@rﬂﬁg‘i’sih@%éﬂed’t@dﬁ ons that
sl ope downwardly froma front face of the cap to a rear face of the cap. A

count er bor e i sthgrdefleeting surface ewer the rededingsfurtace to hypasaiheyetadil accommodat e
the protective cap a to enabl e thewgi’otect've cap to be recessed in the
refractory Iin?“ﬁ%.ce'T eﬁ?ﬁ?ﬁ’c‘lg_r%fa@e& ¢ REOVigedh & PQ%OE_H%?TGBP]@Sof
conpl enent g5 y ﬁgﬁ%myﬂﬁﬁfe&ﬂﬁﬁleaﬂléﬁlqgc%%ﬁtcam. RESH el e £AR may

facilitate manipulation of the cap, and apart from this consideration one

hole is also feasible. Preferably the hole(s) are inclined in an upward
direction to minimize the possibility of slag and excessive heat flowing
through the hole(s) into the thermocouple cavity. In gasifiers that do not

15  produce slag the slag deflecting surface and lower receding surface can
be replaced by a single planar surface.

A peripheral edge of the protective cap has upper and lower
porﬁoﬁs that slope downwardly from a front face of the cap to a rear face
of the cap. A counterbore is preferably formed in the refractory lining to

20  accommodate the protective cap and to enable the protective cap to be
recessed in the refractory lining. The counterbore and the protective cap
are of complementary shape. Under this arrangement the protective cap
can be lowered into the counterbore such that the weight of the cap helps
maintain the cap in its position in the counterbore.

25 In another embodiment of the invention the hole(s) in the
protective cap can be omitted since heat transfer through the cap to the

thermocouple will provide requisite, although proportionally reduced
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can be lowered into the counterbore such that the weight of the cap hel ps
mai ntain the cap in its position in the counterbore. 25 In another

enbodi mentvoofsoilez i nvention the hole(s) in the protectiyeraAR6dl Pe
omtted since heat transfer through the cap to the thernocouple wll
provi de requisite, although proportionally reduced -6 WO 03/081192

PCT/ US03/ 00914 heat information to the thernocouple. The protective cap,
wi t hout openings, also ensures that no slag will enter the thernocouple

ity. The i ' t bne tect |
Cher bcoup o (eAEmES b0 e hRERbEGRIE THEMARvoRER WERGRS 2 o s
cavity that e sl dlE@bikuras thBEhd 198 will enfe fief thefmoddupRU@Rityhe refractory
Mpﬁfgﬁrg ] 4 P

lining on the ga i er shell and through a hot-face surface of the
refractory |ining to dEh¢ mventiomfurther mohhdes apeethod ofiprdtbetidgat - f ace
surface. The nethod further jncludes providing a cap at_the thernocouple
opening in a db@qcRyplegB&gasier: dhe sethod meludse forpung itheramenply and

Surfac v om Gy Fied Beftat? muRel o Bhotl DL B8 ebGHEN Myt Bk telieBRb conp e
openi ng. The qﬁﬁx’f?@n e $difiier shol bHdBRohsH ThBsfRe %ﬁ%@%ﬂ% ?eﬁz{ctéﬂgea

t hernocoupl e opening to enable the protective cap to be recesse

pr edet er m ned lmimgitet définetdhetrhecouploogening stike hogfacé Suffhcd. HEhe asthedt s of
the met hod include providing the cap with a slag deflecting surface and a
recedi ng sur f feeberdnpladesproveding efcap ahthethermngonplelopgningtia afeoverRg on of

t hrough hole(s),.in,the c and locating the,hole(s) in the receding
Surface of & heoEsRAP SHe DR AIAmOCHGHIF ARPRBR AR SIREDY PIPRCHPRERES: Fhe
cap towar ['=Y=Ys f (= . i ncl udes

provi di ngq:ga petgiﬁ;?ﬁ%l&gﬁbe r%%@é%‘g@ac&@%fag%%gw%r&%@%%r portions that
sl ope downwar dhetnidcetple dakitythroagk thf thermocouple opening. The method further

includes forming a counterbore at the thermocouple opening to enable the

protective cap to be recessed a predetermined amount in the thermocouple
opening.

15 Further aspects of the method include providing the cap
with a slag deflecting surface and a receding surface. Other aspects of
the method include the formation of through hole(s), in the cap, and
locating the hole(s) in the receding surface of the cap at an upward
inclination from a front surface of the cap toward a rear surface of the

20 cap. The method further includes providing a peripheral edge of the cap
with upper and lower portions that slope downwardly from a front face of
the cap to a rear face of the cap.

The invention also includes a method of protecting the
vessel or shell of the gasifier in the vicinity of the thermocouple cavity

25 by providing a cap at the thermocouple opening to minimize exposure of
the vessel or shell of the gasifier to radiant heat from within the gasifier
that would otherwise pass through the thermocouple cavity to the vessel

or shell of the gasifier.
-7-




the cap to a rear face of the cap. The invention also includes a nethod of
protecting the vessel or shell of the gasifier in the vicinity of the

t her mocoupleeosmBibi Yy 25 by providing a cap at the ther nDGRYRISEM@PEHNI NG to
m ni m ze exposure of the vessel or shell of the gasifier to radiant heat
fromwithin the gasifier that would otherw se pass through the

t hernocoupl e cavity to the vessel or shell of the gasifier. -7 WO

03/ 081192 PCT/ US03/ 00914 The invention accordingly conprises the

constructions and net ho her ei.nafter ,described., the scope,.of the invention
being indicated in thei@Fé‘?vrﬁ_?!.hO P V?Yd@r&“sﬁéﬁmﬁ%e%“ﬂs n the
drawi ngs, Fi g.mbtiofs ReftiHter HbRRbCAAMIRENRIOf (RE iveARGA pUig ! Of an upper

e

portion of a gasifier with thernocouples in thernocoup avities that are
open at the rehdmatedriy thé claitgs. Fig. 2 is an enlarged fragnentary secti onal
view thereof; 10 Fig. 3 is a fragnentary sectional view taken on the |ine
3-3 of Fig. 2, Fig. 4 is a fragnentary sectional view taken on the |line
4-4 of Fig. 2; Fig. 5is - DI W d By DRAWINGSY t aken on the |ine
5-5 of 15 4i9g. 2; Fi g'InGthiesdr . enl arged fragnentary sectional view of a

t hernocoupl™e in a thernoCcouple Cavity with a protective cap incorporating
one embodi ment of the Bie348h sidNBAdd RAymétsry séelidnd VRST SPRELpYE Vi ew of
the protective cap before it is

portion of a gasifier with thermocouples in thermocouple cavities that are

open at the refractory lining;
Fig. 2 is an enlarged fragmenfary sectional view thereof;
10 Fig. 3 is a fragmentary sectional view taken on the line 3-3 of
Fig. 2;
Fig. 4 is a fragmentary sectional view taken on the line 4-4 of
Fig. 2;
Fig. 5 is a fragmentary sectional view taken on the line 5-5 of
15 Fig. 2;

Fig. 6 is an enlarged fragmentary sectional view of a thermocouple
in a thermocouple cavity with a protective cap incorporating one embodiment of
the present invention;

Fig. 7 is a perspective view of the protective cap before it is

20 installed in refractory blocks of the refractory lining of the gasifier, with the
extent of the thermocouple and the thermocouple cavity in the refractory
blocks being shown in dotted outline;

Fig. 8 is a view similar to Fig. 7 with the protective cap
installed in the refractory blocks, the dotted outline of the extent of the

25  thermocouple and the extent of the thermocouple cavity being omitted for

purposes of clarity;




20 installed in refractory blocks of the refractory lining of the gasifier,
with the extent of the thernocouple and the thernocouple cavity in the

ref ract or wo &3le@ass bei ng shown in dotted outline; Fig. 8y | simlar

to Fig. 7 with the protective cap installed in the refrgg?g]r%?/y@%xcks, t he
dotted outline of the extent of the 25 thernocouple and the extent of the

t hernocoupl e cavity being omtted for purposes of clarity; -8 W 03/081192
PCT/ US03/ 00914 Fig. 9A is a perspective view of the |ower refractory bl ock

of Fig. 7; Fig. 9B is &: ' [ 2 Flg. 9C i ron

el evational view ther eo? ! é-%gg%é%l%gv%ogeggg@ﬁé?\gﬁrg%a{;%fogﬁ °&he line
9D 9D of Fig. .7;Fig. 1 OAis a perspective view of the upper refractory
block of Fig. 7; Fig. 10Bis a top plan view thereof; Fig. 10Cis a front
el evati onal view t her eoffig. OB isiagop plin viswahereof: i onal vi ew taken on the line
10D- 10D of Fig. 1 CC Ei,g.#pl‘lA | s a, perspective view of the protective cap
i ncor porating one embodtieRC R ot clovational yiew thegeofl 1B is a front

Fig 11 D% a sectional & Riibuiom Wil uteh 8 dinfihe Sop ofFig S0 5
the several views of ¢ nb o nad erspRe B e APRR ARk Rend on

Fig. 7;
Fig. 10B is a top plan view thereof;
Fig. 10C is a front elevational view thereof:
10 Fig. 10D is a sectional view taken on the line 10D-10D of
Fig. 10C;

Fig. 11A is a perspective view of the protective cap
incorporating one embodiment of the invention;
Fig. 11B is a front elevational view thereof:
15 Fig. 11C is a top plan view thereof; and,
Fig. 11D is 5 sectional view taken on the line 11D-11D of Fig. 11B.
Corresponding reference characters indicate corresponding

parts throughout the several views of the drawings.

DETAILED DESCRIPTION OF THE INVENTION
20 Referring to the drawings, a gasifier is generally indicated

by the reference number 10 in Fig. 1.

The gasifier 10 includes an outer reactor vessel or shell 12,
preferably formed of steel, with an inner refractory lining 14 and a top neck
portion 18 that supports a feed injector 20. The refractory lining 14 (Figs. 1

25 and 2) includes, for exalxmple, a hot-face layer 24 of refractory brick with a
hot-face surface 26, a backup layer 30 of refractory brick, and an outermost




20 Referring to the drawings, a gasifier is generally indicated by the
reference number 10 in Fig. 1. The gasifier 10 includes an outer reactor
vessel orwg)@log11d2, preferably formed of steel, with an CRR8h3/doSTar act ory
lining 14 and a top neck portion 18 that supports a fee injector 20. The
refractory lining 14 (Figs. 1 25 and 2) includes, for exanple, a hot-face

| ayer 24 of refractory brick wwth a hot-face surface 26, a backup |ayer 30
of refractory brick, and an outernost -9 WO 03/081192 PCT/U803/00914

I 34 of f ick., Al f i, bl t | ati
38 is provide %&%Aﬁéﬁwﬂahé%p&k%ﬁ%y%ﬁ?%%&% Srehucfpr i don ) 55 "
The refractoryis?k%agdg%% P4%ﬂ§%%as@er(s Lf12 |n t he

gasifier 10 that recelves car onaceous |njector 5 20

for conversion to synt hE‘hesemorprlmnﬁg/[lgdéﬁnes%’ebcmcminﬁdﬂﬂogﬁfgl fier bel ow
that shown in Fig. 1 are not shown in Fig. 1 since they can be of any

sui t abl e knownl)dBithe gagifierol) thatiregeizencarboracepusfuel fronnihe fmthajaytalndl ng of
th t f d f

S tabl e b iRt BTt ta Ty SIS EReen Syai nBcsinel tatistiy ©). The

L her nocouP: P Beibd thitdiduiiin 98 108 HbPihcifh BUARCS Liide W&%%g(abl e_ known

manner at the entrance to er nbcou nozz t ends

through a therd@%@bﬁl@i@%d&ﬂlsﬂr&cﬁdﬁéﬂ@lehrﬂﬁétfaélﬁﬁeﬁt%'ah 12. The

t her nocoupl e nozzle 48 is welded to the gasifier shell 12 in any suitable
15 known rrannelmdemmpfrﬂwwp&MmM whi ch extends through a thernocouple
cavity 50 in the refrac%gry l.i.nin Bas a free end 54 that .is recessed
fromthe hot-face surfa&Be g ?ﬂc ’éPF%‘fl ad Wathya plurglity of any swtebleer mocoupl e

cavity 50 1(0F| gkno%)n éu." -%ﬁ%@a‘faﬁl‘éﬁﬁh C‘{?:‘jﬁpnlS? ig;@lg t251e Hot face brick

| ayer 24, a cavit CUI
thermocouple 44 includes an end portion 46 supported in any suitable

known manner at the entrance to a known thermocouple nozzle 48 and
extends through a thermocouple opening 49 in the gasifier shell 12. The
thermocouple nozzle 48 is welded to the gasifier shell 12 in any suitable

15 known manner. The thermocouple 44, which extends through a
thermocouple cavity 50 in the refractory lining 14, has a free end 54 that is
recessed from the hot-face surface 26 of the refractory lining 14.

The thermocouple cavity 50 (Fig. 2) includes a cavity section

58 in the hot-face brick layer 24, a cavity section 60 in the backup brick

20 layer 30 and a cavity section 62 in the outermost brick layer 34. The cavity
section 62 generally aligns with the thermocouple opening 49 in the gasifier
shell 12. The peripheral wall of the thermocouple cavity 50 is generally
indicated by the reference number 64 and will be understood to include the
wall or periphery of each of the cavity sections 58, 60 and 62 (Figs. 3-5).

25 The thermocouple cavity 50 has an opening 68 (Fig. 2) at the
hot-face surface 26, and in general the opening 68 is uncovered. Thus
molten slag (not shown), which forms during gasification of numerous

different feedstocks, moves downwardly along the hot-face surface 26 and
-10-




20 layer 30 and a cavity section 62 in the outernost brick |ayer 34. The
cavity section 62 generally aligns with the thernocouple opening 49 in the

gasifier wih@log11d2. The peripheral wall of the thernocouplg ' 50 is
generally indicated by the reference nunber 64 and wl | Een%ﬁéc{l@?%{‘t ood to

include the wall or periphery of each of the cavity sections 58, 60 and 62
(Figs. 3-5). 25 The thernocouple cavity 50 has an opening 68 (Fig. 2) at
~the hot face surface 26, and in general the opening 68 is uncovered. Thus

| t | i f i i £ ti f
Gt forent T eoddr st 4 sotling B LR mEHLb oA i B! 198, nce 26 and
-10 WD 03/ 0811&%%4%%@3&9@%&0@&@1@6&@? 30RiIPPRAITYGBaRde drhe

t hernocoupl e cavity 50. Slag accunulation in the therfmocouple cavity 50

wi || event ual | glimindtecthe olearanlce sparatbetwéen the derancoupsipddantdheveen t he
t her nrocoupl e 44 and thgﬁtherrmcoupl e cavity wall 64. 5 Cenerally, the
amount of cl eathﬁlﬁ%%coﬂp aydy walt §ken the thernocoupl e 44 and the

t her nocouple cavity wal 5 64 {Figs. 2-5) iIs subject t sever conpet i ng
consi der at isgns. One conSTHEPR Y’i@ﬁ%@%ﬁ’t‘%ﬂ@n @Qyﬁﬁé&eﬁﬁ@%ﬁe suf fici ent
enough to avoies NERR gm%g | @ 4do_ Il 64
of tge thermctgﬁfpﬁ@gg\rﬁﬁ&g%@?i ons gg{,iﬁgté:gand Ltglu i1 gzlsgq%gﬁflﬁg?tw?herml

expansi on and seeedal ecpetingéorsiterativing aOnerdonkidynion 2¢thabtheahrarnté, as when
the gasifier 10 heats up or cools down. A further consideration regarding
t he sel ecti on owsthgisuificient esiongh tmaewid interferenchbetwicen thcthephecoupledt t he

cav Y el oot N el S S age S i oRE 8 s L S 0P ©
cavI Y SO0 SR8 e S0l L ARG g 2 A o0
and reduce or 3 agwhehehé BRGS0 RAtsClPar estiedown.
A further consideration regarding the selection of suitable
clearance between the thermocouple 44 and the cavity wall 64 is that as the
cross-sectional opening of the thermocouple cavity sections 58, 60 and 62
15 (also referred to as the thermocouple cavity 50) increases, there is a greater
likelihood that slag will enter the thermocouple cavity 50 to a greater depth
from the cavity opening 68 and reduce or eliminate the desired clearance.
Another concern regarding the selection of suitable clearance is
that the greater the clearance space between the thermocouple 44 and the
20  thermocouple cavity wall 64 the greater the risk of exposure of the gasifier
shell 12 to heat from the reaction chamber 40 through the thermocouple cavity
50. If the gasifier shell 12 at the thermocouple opening 49 (Fig. 2) is not
protected from process heat by the refractory lining 14 shell damage can
occur.
25 The thermocouple cavity sections 58 and 60 (Figs. 2-4) are
usually elongated in a vertical direction of expansion of the refractory layers
24 and 30 to compensate for the normal range of vertical movement of the

refractory layers 24 and 30 relative to the thermocouple 44.
-11-




Anot her concern regarding the selection of suitable clearance is that the
greater the clearance space between the thernocouple 44 and the 20

t her nocou bty wall 64 the greater the risk of expo e
gasifier wsdﬁoeg’lﬁ)laﬁ% to heat fromthe reaction chanber 40 ?E?@Sg'{@o%ﬂe

t hernocoupl e cavity 50. If the gasifier shell 12 at the thernocouple
opening 49 (Fig. 2) is not protected fromprocess heat by the refractory
lining 14 shell damage can occur. 25 The thernocouple cavity sections 58
and 60 (Figs. 2-4) are

expansi on of the refracﬁﬁfcg%éag%tfe & ﬁglg%gn%ff%%@%g‘lﬂgq%%g{éﬁg nor mal
f i i . i

et her mocoupl & Aa LR oo £ SR BiderrBBion dARlbadal 1 10,

brick layer 24prick layéy 3 oethetlontdtimobibrickelayacs, afgrbtat atannefvertral t her nal

expansi on and contraction than the backup brick Iayer 30 or the outernost
brick |ayer 349101389@10@6(1@1131‘&1@9141’16@63?@10@iIS:aIOVI@dchéQ tamtysectioref$ro€oupl e

I ' i ded i,n. [ ti 58 of 5 th t-f brick
ayer Dt Fan i hoh e ik g 3 thin He Rt secons A 50 AL RE s | ok | ayer
30 dth t 7 i 4 s hgs. 2-5, the position
of ?Ee thgrﬁgc%gpé%?gk“&e%rg?%@éﬂ?eoogt%%:%hgﬂﬁ}%ég%‘%;m)coupl e cgvi !tyl

sections 58 and 60 corrRef@ffisto FigsIL5aHRIRBHiohTHEE Metthcsuplélid i on of the
gasifier 10 before it is heated up to 10 the operating tenpérature. During

start-up oper aelative ¢¢ thersoligduicfthenmaboupleccavity tecdivns 5§ andOrcoredpor’d and - 34,
whi ch are supported aon a | ower section of the tgasifier (not shown) w ||

general |y expdQdmigmbiant tsmperatue cenditign of the gasifies 10 befere itis heated gipfteom an

2oL P B SR e DU BRS L R o

refractory layers 24, 30 and 34, which are supported on a lower section of the

gasifier (not shown) will generally expand in an upward direction as the
gasifier heats up from an ambient temperature condition to operating
temperature conditions.

15 Since the hot-face layer 24 (Fig. 1) is closer to the reaction
chamber 40 than the layers 30 or 34 there will generally be greater
expansion of the layer 24 than the layers 30 or 34 as the gasifier heats up
from ambient temperature to operating temperature conditions. In a like
manner there will generally be greater expansion of the layer 30 than the

20 layer 34 since the layer 30 is closer to the reaction chamber 40 than the
layer 34.

Thus, as shown in Figs. 2 and 3 the ambient temperature
position of the thermocouple 44 relative to the cavity section 58 in the
layer 24 allows for a greater amount of vertical movement of the layer 24

25 toprovide a greater amount of thermal expansion clearance below the
thermocouple 44 than is provided in the cavity section 60 of the layer 30
(Figs. 2 and 4), and the cavity section 62 of the layer 34 (Figs. 2 and 5).

-12-




chanber 40 than the layers 30 or 34 there will generally be greater
expansi on of the layer 24 than the layers 30 or 34 as the gasifier heats up
from anbi @ifosfogiLr ature to operating tenperature condit ppgsodidded | | ke
manner there will generally be greater expansion of the layer 30 than the
20 layer 34 since the layer 30 is closer to the reaction chanber 40 than
the layer 34. Thus, as shown in Figs. 2 and 3 the anbient tenperature
position of the thernocouple 44 relative to the cavity section 58 in the

| ayer 24 allows for a ater amount of vertical venent of .f | ayer 24
25 to provide a great e?fﬁ%%?{?ﬁl%ﬁ*’%?eer‘%e%%ﬁa%?@e eé'EPﬁ?]‘EPéeg& ow t he
ther mocoupl & 4g1at8Ho ik théxdidcaflel divir) 8ot 5% AATD!i0 S Bbirédih Higyr SO
(Figs. 2 and 4), and the cavity section 62 of the layer 34 (Figs. and 5).
- 12 WO 03/ 081 122ndETTHS0RafAg dempdratueppositiomof the tipenmicouple ddselatioan of t he
t hermocoupl e 44 relative to the thernocouple cavity sections 58 and 60 is

shown dotted ite the eavity sectioni6 (Fight) s subdentiallytthepimne durieg pperatingn of t he
th le 44 rel ati t.o th i t tion 62 .(Fig. 5) i
Substanti ol y. Erbeedise Chndtht BibRben S e PGS beRP B ana

anpi en e”per&ftéﬁr?os?%ggf 6f&ﬁ§cﬁgﬁﬁa€3%§8ntg§%§£g{§%§mg S%ﬂoncgz refractory

brick 34 containing t cavity section stantially the

sane rate as tdxpagdsitisubstamiiidlyl thd 2ambr4tb as thenaiffer shdlB12 i pite nozzle
48 and hence the thernocouple 44. Wen nolten slag (not shown) Tl ows

downwar dl y al dhegthemmocaupléioozAle 48 and henescthe ¢harmoceupledéter t he t her nbcoupl e
cavity 50 through the vity .opening 68 (Fig. 2). Sla ui ] dup, in the

t her nocoupl e cavity 50 ﬁ&’égﬁql?eﬁﬂa%&oém)cﬁf’%% dewp YE‘J@HgGhe cl earance
bet ween t t Rer eount : . cavity 50.
When thqu’asir}ﬁtg?&l#&ageggé e e&%@@eﬂ?@ﬁgéggm%r cogditions for

cavity opening 68 (Fig. 2). Slag buildup in the thermocouple cavity 50

results in a reduction or elimination of clearance between the
thermocouple 44 and the wall 64 of the thermocouple cavity 50. When
the gasifier 10 is cooled down to ambient temperature conditions for
15 maintenance or repair purposes contractile movement of the refractory
linings 24 and 30 will occur in a downward direction. Any appreciable
amount of slag in the thermocouple cavity 50 can thus exert a downward
force against the thermocouple 44 thereby damaging or shearing the
thermocouple 44. '
20 In response to the problem of slag buildup in the thermocouple
cavity 50 and the problem of heat flow through the thermocouple cavity 50
to the gasifier shell 12, I provide a novel protective cap 80 (Figs. 6-8 and
11A to 11D).
Referring to Figs. 6 and 7 the protective cap 80 covers an opening
25 120 (Fig. 7) of the thermbcouple cavity 58. The protective cap 80 protects the
thermocouple 44, substantially eliminates the migration of slag into the

thermocouple cavity 58 and restricts the flow of heat through the thermocouple
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15 mai nt enance or repair purposes contractile novenent of the refractory
linings 24 and 30 will occur in a downward direction. Any appreciable
amount of we @B@gish t he thernocoupl e cavity 50 can thus exgé,fmgoﬁg%mmrd
force against the thernocoupl e 44 thereby damagi ng or shearing the

t hernocouple 44. 20 In response to the problemof slag buildup in the

t hermocoupl e cavity 50 and the problem of heat flow through the

t hernocoupl e cavity 50 to the gasifier shell 12, | provide a novel

' i - A 1 Ref er J.i to Figs..6.and 7
Do orot vet | grediity S S he Gadn@nen 4o Prdredbt) g TeoREfv dar 0 fygHoessca £
thermocoupl e Cau¥hby.fR8 laykr Q4% MLl Me &ﬁ&cggﬁslf%%?ﬁ s the thernocouple

44, substantially elimnates the mgration nto the thernocoupl e

cavity 58 and restri ct sRefeerifig toFigh. Tiegtl 1) 0gad N® tHegsroneavetsd - 13 WO
03/081192 PCT/ USP3/ 00914 cavity 58 to the gasifier shell 12. Preferably
the protectiveStisp goerallydisceshapad stuctureewhish-chnbe forgest ofdense t he hot face

f 26 {Fig. 6). f ' t o. Fi . 1A, 1 1B, .11C d 11D th
;;J:)t 2gtei ve 5((:a:o§'_"%‘§}a'r sﬁl} %E?:#@r sp?fr@';tg‘gges%%&gfngqai]@!@[l% V\%ﬁ?"é Ihn ge f or med
o derses = ot ot e s o K408 WASER B uREIA el T

vertical rear face 84 and a per ront face and

the rear face.Theffentfacen82 frkbiRie8 aniuppbrislas diveritRPRELSH 90 tkHtVSidclingd sect i on
90 that is inclined away fromthe rear face 84 1n a dowward verti cal

di recti on wherewayefremghe sear faceB4sinl acdavenivandivertical divection whemtheicapfis g. 8.

The front face 82 alsq includes 10 a receding section 92, below the slag
di verting sect@&r?egé?e%ﬂ%’n%’@&ﬂsﬁ OWEdR Figh P g@q fzontiface $ibalse dngludest he rear

f 84 | i ' th 0.isS d ect ed
Ot ontat| OF SBNEAG Corlaith, ROl B slg v &R Bourich 0], TAFIRRABELCt on o0
is of snaller satéh 9P inthveed BKAM 12 r88MEORS RPa downward direction when

the cap 80 is in the selected orientation as shown in Fig. 8. Preferably the

slag diverting section 90 is of smaller area than the receding section 92.
The peripheral edge 86 of the cap 80, as most clearly shown in
15  Fig. 11D, has an upper portion 96 and a lower portion 98 that slope
downwardly from the front face 82 to the rear face 84 when the cap is in the
selected orientation as shown in Figs. 6-8. Under this arrangement the cap
80 has a maximum thickness where the slag diverting section 90 and thé
receding section 92 intersect at the intersection line 100 (Fig. 11D).
20 A pair of holes 104 and 106 (Figs. 11A and 11D) extend
through the front face 82 to the rear face 84 and are inclined upwardly
from the front face 82 to the rear face 84 when the cap 80 is in the
selected orientation of Figs. 6-8. Preferably the holes 104 and 106 are
located in the receding section 92 (Fig. 11B) of the front face 82. It
25  should be noted that the two holes 104 and 106 can facilita:te
manipulation of the cap 80 during installation and removal, if necessary.
It is also feasible to provide a single hole in the cap 80. A single hole

provided in the cap 80 at the receding section 92 would also permit using
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The peripheral edge 86 of the cap 80, as nost clearly shown in 15 Fig.

11D, has an upper portion 96 and a | ower portion 98 that slope downwardly
fromthe Howslesfiace 82 to the rear face 84 when the cap pgriRoddiss S€! ected
orientation as shown in Figs. 6-8. Under this arrangenent the cap 80 has a
maxi mum t hi ckness where the slag diverting section 90 and the reced| ng
section 92 intersect at the intersection line 100 (Fig. 11D). 20 A pair of
hol es 104 and 106 (Figs. 11A and 1 1D) extend through the front face 82 to

the rear face&ne%ﬂ#qna ub@%h#ﬁ%r lg{h\éfl @%h%?lgféﬁ{tﬂgttw{)ﬁg 82 to the

rear face 84 he ca i on gs. 6-8.

Preferably thqohahaao&%sﬁ@ﬁnlﬁk%aywhbm@mdnjgmhl@@beq‘sa%ﬁblag sectlon 92
(Fig. 1 1B) of the front face 82. It 25 should be noted that the two hol es

103 and 10|6 can facili t&tfemngmfbgs f"itand][S ﬂlfet%efrmorpappls&adﬂy 58gs i nslt al Ihalt ion
the LSEZES APSS RGP Fomed in Ppeny S?ﬁwﬁﬁﬁ%sﬁﬁa%ﬁgﬁlﬁﬁ 5848251 ng section |
92 1 h

el nati of adneR by 66 fhen bl ity Benbibot WAlR A parfl b1 )

106 as_shown. ﬂi’e V98 P Hhs HnGoutid Sk i (9 JRPalaflobke1 103Er ring to

Figs. 7 and 8 the thernocouple cavity 58 is preferably fornmed in upper and
| ower refract dif, &keasier tblltandiecanlistallid thethatfacelayé2hhdnohedense al um na,
each bl ock including a portion of the cavity 58. It has been found that
the two separ &i@lﬂn@t@m@oamnmgm cgyity 3Basi er to handle and install in

The ther macoupt o cast t T EPRRocople chyky B EHE Y i gt B S 50t e
e ernocoup e cavi 0 a e
cavity op gég%@ﬂleT&gtggﬁeranQg ﬂlécg:ogﬁtefﬁore‘i?m gentary shape with the

rear face per
complementary shape with the rear face 84 and the peripheral edge 86 of

the cap 80. The protective cap 80 can thus be lowered into the
counterbore 118 such that the weight of the cap 80 helps maintain the
positidn of the cap 80 in the counterbore 118 because of the downwardly
15 inclined portions 96 and 98 of the peripheral edge 86. If desired,
refractory cement (not shown) can be provided at the surface of the
counterbore 118 and at the periphery 86 of the cap 80 to further secure
the cap 80 in the counterbore 118.
Although the size of the protective cap 80 depends in part on
20  the size of the thermocouple 44 and the thermocouple blocks 110 and 112
(Figs. 9A and 10A), some dimensional examples for the protective cap 80
include a height of approximately 115 mm for the rear face 84, a distance
of approximately 100 mm from the line of intersection 100 to the lower
peripheral edge portion 98 and a distance of approximately 17 mm from
25  the line of intersection 100 to the upper peripheral edge portion 96. The
circular portion of the receding section 92 of the front face 82 has a width
of approximately 113 mm. The angle between the slag diverting section 90

and the receding section 92 is approximately 145°. The angle between the
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the cap 80. The protective cap 80 can thus be lowered into the counterbore
118 such that the weight of the cap 80 helps naintain the position of the
cap 80 i nwig®gAynt erbore 118 because of the downwardly %ET}’U@@/JO d
portions 96 and 98 of the peripheral edge 86. If desired, Trerractory
cenent (not shown) can be provided at the surface of the counterbore 118
and at the periphery 86 of the cap 80 to further secure the cap 80 in the
counterbore 118. Although the size of the protective cap 80 depends in part
on 20 the sizge of. the ther u 44 and the thernoc l :bl ocks 110 and
112 (Figs. ggﬁgrévqgggfeﬁgwdq&ﬁgiugngﬁpe&wgggﬁmqr?l?)ﬁg%d otective cap
80 include a | r opyd ; 2a199f 4, a

di stance of é‘gg‘lr‘%%ﬁﬁye {/U@.lgféie%ﬁ%e#%ﬁgfﬁ%}r%&egdggfeﬁ?gﬁggcatiiﬁﬁg100 to the
| ower peri pheéswér maiphend etz BBapphokimathls 1 65% eThd aglebetwerntd y 17 mm
from25 the line of intersection 100 to the upper peripheral edge portion

96. The ci r cupper pesiphicral edge 96 end deagamyce 84 i anpropmtely HO0¥.r face 82

h i dt f i mtely 113, T | e bet he slag diverti
Coct fon 605 annebmEtvee e fovemiatiita) s6e SR b 5Py 4350, The angl 6
bet the | : A tion 90 and
The upper  per AERORERAEE0 hetpel Bhet e Khripfidledit b poghge n 90 &

bet ween t he r@ggﬂfxﬁﬁa‘@l%ﬁli fifin Sdclapgd tHetholdsoMgar anderooie approxiifgteRB i s
approxi mat el y 5. The angl e between the upper peripheral edge 96 and the

rear face 84 25 rappnachiameiceand maRe ail hrgls of approximatelyc$0°twith thewear peri pher al
edge 98 and the rear_face 84 js approxinmately The upper,. and. | ower
peri pheral edd¥s e @@nﬁ?getwﬁﬁ%&&ﬁ(ﬂﬁi @M?%ﬁQ ﬁ%ecﬁg%ﬁfﬂcec hol es 104
and 106 ang a Xi b I n diameter and make an angl e of

15, 258 B8 bR e B

appr oxi mat ice 84. The di stance between the holes 104
and 106 on the front faeseRhg to Figs. 9A to 9D the lower refractory block 112

includes a hot-face surface portion 126 and a semi-counterbore portion

118a that is complementary to the lower peripheral edge portion 98 of the
protective cap 80. The lower refractory block 112 also includes a lower

15 section 58a of the cavity 58 and opposite sidewalls 128 and 130 that have a
slight taper from the hot-face surface portion 126 to a rear-face portion
132. The hot-face surface portion 126 (Fig. 9C) is slightly concave from
the sidewall 128 to the sidewall 130 and the rear face portion 132 is
slightly convex from the sidewall 128 to the sidewall 130 because the

20 thermocouple block 112 is provided at the refractory lining 14 where said
lining has a cylindrical shape. The tapered sidewalls 128 and 130 help
lock the lower refractory block 112 in the hot-face layer 24 where the
refractory lining 14 is of cylindrical shape. The lower refractory block 112
also includes a bottom surface 134, and a top surface 136 that confronts the

25 upper refractory block 110.

Referring to Figs. 10A to 10D the upper refractory block

110 includes a concave hot-face surface portion 126 similar to that of the

thermocouple block 112 and a semi-counterbore portion 118b that is
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10 can be approximately 24 mm Referring to Figs. 9A to 9D the | ower
refractory block 112 includes a hot-face surface portion 126 and a
sem - counwgy @3@gAoportion 118a that is conplenentary to 5@?ﬂk&%ﬁﬁu

peri pheral edge portion 98 of the protective cap 80. The Tower refractory
bl ock 112 also includes a | ower 15 section 58a of the cavity 58 and
opposite sidewalls 128 and 130 that have a slight taper fromthe hot-face
surface portion 126 to a rear-face portion 132. The hot-face surface

ortion 126 (Fj ' | &gﬁﬁ ' to the
gi dewal | 130 a%%n‘?lﬁgh?tgg}r,ﬁ#g%e&horrﬁl n %[L@fhggﬂbrst{o?a@%f}ﬁc #\ci;%x romthe
si dewal | 128 tenpt80c FhetapprreftadiofRdslosis 810 Mgo AR TidrRARGPEPRtIBh OCK 112 i
provided at the refractory lining 14 where said l|ining has a cylindrical

shape. The tape¥teef the gavisy | 6 andoppusite ilemallp 142 and 1##¢hdtdmee ar ef r act ory
r 24 where the refractor)%/ lining 14 is of
ah

bl ock 112 in the,hpot-face laye

cylindrical shﬁ’pg@.t&lgﬁ’é PHWZ'F tfacesy S{}GB‘PTS‘@R 1@?2°?E§@‘25%P9ﬂ@§ a ?Ott??ry
surface 13 a . # upper refrac
purface 134 a0fs G iSihl 8y AR89 LR ol BendRealBRET T o1 1 oS0
incl udes a corislasle] IRt Theedur Fatel oD P46 i%n%&@sﬁﬁilar't@fthét%g%ﬁ%apf the

t hernocoupl e bl ock 112 and a sem -counterbore portion 11 8b that is -16 WD

03/ 081192 PCTIfasopetioalls2 afchptlemancaple block 1é2uTherapeesd sidewalls edge

el udos an_ upleraLE B Kok (7 Spnes reroriog Wosk 440 o fischattece deval | o 142
and 144 1hat w2 bl oRRE WoBMR 0B R hASE St TR 120 L
that of the raereapBftloll o R® fERGe KD Fplabe 208 R d Gyl 110" The ™
t apered si dewesutface 150 that confronts the top surface 136 of the lower refractory

block 112.

The size of the upper thermocouple block 110 can be for
example, approximately 155 mm wide at the hot-face surface 126 between
15  the sidewalls 142 and 144 and approximately 180 mm wide at the rear face
146 between the sidewalls 142 and 144. The sidewalls 142 and 144 are
inclined approximately 4° from the hot-face surface 126 to the rear face
' 146. The distance between the hot-face surface 126 and the rear face 146 is
approximately 175 mm and the distance between the bottom surface 150
20  and the top surface 148 is approximately 190 mm. The cavity section 58b
has a curved portion with a radius of approximately 25.6 mm that is
recessed approximately 13 mm from the bottom surface 150 such that the
distance between the bottom surface 150 and the bottom of the cavity
section 58b is approximately 38 mm. The counterbore 118b (Fig. 10D) has
25 aradius of approximately 57 mm and the wall of the counterbore is inclined
at an angle of approximately 80°.
The size and angular relationships for the lower thermocouple

block 112 are substantially the same as for the upper thermocouple block
-17-




142 and 144 hel p | ock the upper refractory block 110 in the hot-face |ayer
24 where the refractory lining 14 is of cylindrical shape. The upper 10
refract orwdgiseglged10 al so includes a top surface 148, an@c?n@&h%%ﬁ' surface
150 that confronts the top surface 136 of the |lower refractory ock 112.
The size of the upper thernocouple block 110 can be for exanple,

approxi mately 155 mm w de at the hot-face surface 126 between 15 the
sidewal I s 142 and 144 and approximately 180 mm w de at the rear face 146

appr ot mat ol y. B Pt R BRI aE et i Sbngplin el g™
di stance bet mg%é%fna@gbxﬁﬁﬁagslmﬁace 126 and the rear face 146 is

approximately 1 d the di'stance between the bottom surface 150 20 and

the top surface 148 is dhprawxityred &l the Wabkupbridkyesd0 tan befdried iB8b has a
curved portion with a radius of approxinmately 25.6 nmthat is recessed
appr oxi nat el y 7P thermeenupltblogks 1%@:16&6&g.1®(1hswnhmdudq mportidnst ance

appr oxd mat o]y SeOR RV Ioh B0 SR FASPBFRAPIa BIpokHLB) a2 HRCOBtHSRai s of |
mat el y 93 .  AoorS!
angl o of appt oy e bt BreAtl BEUR AR B (e 12" e

ther nocoupl e bIndHowdverniir thedsdoaihledbokst1E0 mAT2amn R mAde upper
t her mrocoupl e bl ock -17 WD 03/081192 PCT/ US03/00914 110 except for the
wal | of the coumaller Banethetheymosoypleiadksild0iand(lil@ddcatsedereasmd e of

approxi mately 100, The ,cavi 60 1N the backup brick |ayer, 30 can be forned
in two ther nn%‘&fﬂréo@llﬁgl&%’%ﬁbs 5@@“%@&67(?11 becgyse thgeletigaon €| ude a

POr i on  5ypT {3 g ke MbrmbOBSID SEVTRF YRR 00155 1400 B 162 e

constructe

elongation or clearance of the thermocouple cavity 116.
The thermocouple cavity 62 in the outermost layer of brick 34
can be formed in one thermocouple block 170 (Fig. 6) since the cavity 62
can be of circular cross-section and substantially does not move relative to
15  the thermocouple 44. The thermocouple block 170 can be made taller than
the thermocouple blocks 160 and 162 since the outermost layer of brick 34 is
generally narrower than the hot face layer 24 or the backup layer of brick 30
and is generally of lower density than the hot-face thermocouple blocks 110
and 112.
20 ‘When the protective cap 80 is installed in the counterbore
118 as shown in Figs. 6-8 there is substantial closure of the cavity
opening 120 except for the holes 104 and 106 in the cap 80. Any molten
slag (not shown) that moves downwardly along the hot-face surface 26
(Fig. 6) in the direction of the protective cap 80 passes over the slag
25  diverting section 90 for diversion away from the underlying receding
section 92.
In the event that molten slag runs onto the receding section 92

itis likely to flow downwardly rather than upwardly and thus bypasses the
-18-




in a manner simlar to that described for the thernocouple blocks 110 and
112. However, the thernocouple blocks 160 and 162 can be nade smaller than
the ther rpgoiskAsP! ocks 110 and 112 because there is no peg@yRbGHbPATE in the
bl ocks 160 and 162 and because the el ongation or 10 cl earance of the

t her nocoupl e cavity 60 need not be as large as the elongation or clearance
of the thernocouple cavity 116. The thernocouple cavity 62 in the outernost
| ayer of brick 34 can be forned in one thernocouple block 170 (Fig. 6)

does not - move Uiyt BEHaeERdes, £04 fil s B R ReRMe fRABRG RS o e bl otk
170 can be madioledliebay B fhus'rluddd of ERGAMLAN Ak 1R @90 162 since the

outernost |ayer of brick 34 1s generally narrower than the hot face |ayer
24 or the backiprmhégoapledavityisBkandGubstantidlly gdnessahé yrandmissionof Heatsi ty t han
the hot-face thernopcouple blocks 110 and 112. 20 Wen the_protective cap

80 is instal | diomthe rraction shamberdd thiomghibe thesmacouplecaety 85 ® thRere i s

substantial5 cl osg{e ﬁfl e cavity opening 120 except for the holes 104 and
106 in t he caPBBET ARG lditen siag (not shown) that noves downwardly al ong

the hot-face surface 26Ugﬁgfﬁisaﬁ%aﬂ @m%ﬁﬁh@i&%&@g& Icha{rfoSE’BR&ﬁfetive cap 80

passes over the slag 25 diverting Section r version away fromthe

underlying recméimi@ougm‘i S sUBstantinllysroteétudt frérh ahigatl oneof stdgdfgto thes ont o
the receding section 92 it is likely to flow dowwardly rather than

upwar dl y and tdanitysppadwe she tlearanasspace bevosn thetheanousads dhgha  upwardl y
i nclined holes, 104 and,  106.in th ecedi ng sectjon Th ratective ca
80 t hus redu_ce@e%‘?o"é’PP}ﬁ ‘P?é(f@ggfqng\k{‘%f‘a‘éw&%cpﬁ@%&?ﬁ@? g% ﬁ%?‘ﬁéé%ﬁﬂp CRity 28
and subst afyf i aéléé’ tHaf FR Sn W rehb RS HaneP Qo%riggactonversion of carbonaceous

fuel to syngas.

Because the protective cap 80 substantially reduces the rate of
heat transmission through the thermocouple cavity 58 and substantially
reduces or eliminates the entry of slag into the thermocouple cavity 58 it

15 may be feasible to provide a thermocouple cavity with greater clearance
space for the thermocouple 44 than would be provided in the unprotected
thermocouple cavity 50 of Fig. 2. Increased clearance in a thermocouple
cavity would ensure safety of the thermocouple 44 under unexpected
temperature extremes that cause additional thermal expansion of refractory

20  brick.

The invention thus includes a novel method of protecting a
thermocouple in a gasifier. The method includes forming a thermocouple
cavity that extends through ’ghe refractory lining and through the gasifier
shell such that a thermocouple opening is formed at a hot-face surface of

25  the refractory lining. The method further includes providing a protective
cap at the thermocouple cavity opening in a covering position to cover
the thermocouple cavity opening and thereby prevent slag that is formed

in the gasifier from entering the thermocouple cavity through the
-19-




fromthe reaction chanber 40 through the thernocouple cavity 58 to the 5
gasifier shell 12. Under this arrangenent the thernocouple cavity 58 and
the therwer@awei®: 44 are substantially protected fromm %?{gsﬁﬂoogh sl ag
into the cavity 58. Thus the cl earance space between the thernocouple 44,
the thernocouple cavity 58 and the cavity sections 60 and 62 should renmain
free of 10 slag that forns in the reaction chanber 40 during conversion of
carbonaceous fuel to syngas. Because the protective cap 80 substantially

d th f . . SSi th t he t | ity 58
ind subst ant | alepRopalE by b EmRS e e inhiCathat Remshe § T’
ther mocoupl e Cayindt¥rbafe atithd thefMbehiplE 8pshiA Zo %ﬁaﬂ?& &%gﬁeéﬁ&éﬂea{ﬂecoup' e

cavity with greater clearance space for t er noc e 44 than woul d be
provi ded in t hbe mrpssedecpredetetrhinedanmupt & the vhdrinobOuplé opéring.2. | ncr eased
clearance in a thernocouple cavity would ensure safety of the thernocouple
44 under unexpected te ¥ anpecisof thamsthoddncludeproviding theonal t her mal

[ f t 2Q brick. .The i ti t hus. i ncl udes_a novel
method of pd ot BRAHY 4P ol B ERE TR SR ARd &reCoRing SAERREAE nol udes
formng a ther Bephfietts e Hidiiad 188 IR0 BHGR of B &hbACt OrY 101 ng

and t hrough the gasifier suc ha nocoupl e opening is forned

at a hot-face tuohgicholes itfhetrbeedif siaticeof thd %bf&tiva' b&p ainhgsivdrar t her
i ncludes providing a protective cap at the thernocouple cavity opening in

a covering posinclinatienvfremafront swfach efﬂm;mpﬁb?anha/retay suyfeoeiofdhand t her eby
| h IS f | n t | i, ter] t he-

prevent SFa Tnat i Lopred o L gest e Tron e g e

thermocoup|§ CaMdofivRRER Wit uplef AHE IR0 Jotibilethat ﬁgﬂé"g&%&fglrd@ Ronf

a front face of the cap to a rear face of the cap.

Some advantages of the invention evident from the foregoing
description include a protective cap for a thermocouple and a thermocouple
cavity in a gasifier that overcomes the problem of slag accumulation in the

15 thermocouple cavity by reducing or preventing the flow of slag into the
thermocouple cavity. Another advantage is that the protective cap reduces
the transmission of heat from the reaction chamber of the gasifier through
the thermocouple cavity to the gasifier shell. Still another advantage is that
the protective cap has a slag deflecting surface and a receding surface and

20 the slag deflecting surface deflects slag away from the receding surface of
the cap. A further advantage is that the cap can include one or more holes
that communicate with the thermocouple cavity to enable the thermocouple
to monitor actual gasifier temperatures rather than compensated
temperatures which result from the insulating effect of a cap. Relatively

25 small holes in the cap minimize the possibility of thermal shock damage to
the thermocouple that can occur without the cap.

Still another advantage is that the holes in the protective cap

are inclined in an upward direction to prevent any slag that might flow
-20-




counterbore at the thernocouple opening to enable the protective cap to be
recessed a predeterm ned anount in the thernocouple opening. Further
aspects owadmsmnes hod include providing the 5 protectivepggrishdddi12 S! ag
defl ecting surface and a receding surface. In other aspects the nethod

al so includes the formation of one or nore through holes in the receding
surface of the protective cap at an upward inclination froma front
surface of the cap toward a rear surface of the cap. The nethod further

includes provi ghfddha fid %I*g%& ”‘gé" . tective ¢ ith upper
and | ower portions tﬁ%t% isn opeﬁg%&i%\%r ?ﬁﬁgg%ngu@@reoo ten%éﬁgftw? he cap to a
rear face of ttiermapouphe o@vitdvanéthaesdvahtidgles RYBPpidstRi#ENt from the
foregoing description include a protective cap foor a thernocouple and a

t her mocoupl e themmegouple eagswith dhe priotictive eap tonedutdier prevhitstagt sl ag
Fow of sl ag i OB e therhoasBrBlecaVIty Yt is RRR M o ARlosER age 1 ¢ hat t he
bf “the gasi 11 olefAHEEte LYl HRAGE R SNk ncd ol bR el T
SUr T ace and A i Rbuld A0S BIOBOKCHYE SERPTHASUR T RY T def | ects
sl ag away f r onprotestive cepl peignits prosiséordf greliter ampunté of vlehbice demadehage i s

that the cap c&\gtilncl ude one or nore holes that communicate with the
t her mocoupl e cHigithgrmasouplaisnd the,thermeeonnle opyity thaw wieukl befeasiblaial gasifi er

tenperatures r th onpensat ed tenperatures which result fromthe
i nsul ati ng eff@i:tp&%tfa%r%g%&"%'ati vely 25 snmall holes in the cap mnimze

the possibigity of ther ipbieh\rohe dBSRER vifl belohéy IAPBIERGOUR Sujbhdloecan occur

Wi thout the cap. Still another advantage Is t e holes |
protective captheaneentionlaraschi¢vedamdunher advahtagedisasila apamedntasany sl ag
that mght flow  -20

various changes can be made in the above constructions and methods

without departing from the scope of the invention, it is intended that all
matter contained in the above description or shown in the accompanying

15  drawings shall be interpreted as illustrative and not in a limiting sense.

21-




WO 03/ 081192 PCT/ US03/ 00914 onto the receding surface frommgrating

t hrough the openings into the thernocouple cavity. Another advantage is
that by protecting the thernocouple cavity with the protective cap to
reduce or prevent slag fromentering the thernocouple cavity it is possible
to enlarge the 5 thernocouple cavity without risk of slag penetration
because the enlarged thernocouple cavity would have the protective cap.
Thus use of the protective cap permts provision of greater amounts of

cl earance between the thernocouple and the thernocouple cavity than would
be feasible pwihiRQuimadprotective cap. 10 In view of the above it will be
seen that the several objects of the invention are achieved and ot her
advant ageous results attained. As various changes can be nade in the above
constructions and nethogg Lt hout .departing fromthe scope of the
invention, it is intenhd g?ﬁ%FCBWW“S tter contained in the above
description or shown in #)hgeaq6MEANYI Ng 15 drawi ngs shal |l be interpreted
as illustrative and not in alimting sense. -21 Wiat is clainmed is: 1. A
gasifier comprising, a)banctagoorliningpn said rdapton shedf toatefioe g |i ni ng on said

reactor shel fl reactio hanper. in sai.d reactor ell, said
refractory II!e%%tﬁ)éldc?lﬁ%lpgrdﬁhq’aldée?‘lcg?r-S%Flg’csg’{?sﬁﬁﬁ?%m e e ‘}ﬁlér}%ﬁ(ghpl e cavity
ext endi ng t hfaceiglifasai d reactor shell through said refractory |ining, and
t hrough said hot-face surface to 10 define a thernocouple opening at said

hot-face surface, and, o adheaecaepleaavdtyaxtandingsbisiugh spidmeastprt o cover said
t her mocoupl g,0p fitbligh L4 perﬁea\é&)% liﬁfﬁg,eaﬁl% tﬂfoﬁgﬁgﬁd Iﬂgé%acgggrf&%){o slag that

10  define a thermocouple opening at said hot-face surface, and,

d) a cap at said thermocouple opening to cover said
thermocouple opening to prevent excess process heat and any slag that
forms in said reaction chamber on said hot-face surface from entering said
thermocouple cavity through said thermocouple opening,

15 wherein said cap has a front face corresponding to said hot-
face surface and a rear face that confronts the thermocouple cavity when the
cap is in a covering position at said thermocouple opening to cover said
thermocouple opening, said front face having a slag diverting section that is
inclined away from said rear face in a downward vertical direction when

- 20  said cap is in said covering position.

2. The gasifier as claimed in claim 1 wherein said front face
has a receding section that is below said slag diverting section when said cap
is in said covering position, said receding section being inclined toward said

25 rear face in an downward vertical direction when said cap is in said covering

position.
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forms in said reaction chanber on said hot-face surface fromentering said
t hernmocoupl e cavity through said thernocoupl e opening, 15 wherein said cap
has a front face corresponding to said hot- face surface and a rear face
that confronts the thernocouple cavity when the cap is in a covering
position at said thernmocouple opening to cover said thernocoupl e opening,
said front face having a slag diverting section that is inclined away from
said rear face in a dowmward vertical direction when 20 said cap is in said
covering position. 2. The gasifier as clainmed in claim1l wherein said front
face has a receding seqmb%asiﬁexaés_dlﬁnkgli&waﬁm%ﬁ}&ﬂa%té%}‘drﬁﬁgsect' on when
said cap is in said covering position, said receding section being

i nclined tovidthe sapding seqtien of said eap, saidrhottoewtensling theoughsaid fitin ect i on when

said cap is § i d. in ositiaon.  -22 The ifier as claimed in
claim?2 mher%g%égi Sf%%f%m?%W%gﬁngPﬁﬁPﬁﬁm?gggﬁﬁﬁﬁn§%§?ﬁﬁh§6? said cap, said
hol e ext enditogatdwabligar fiaé &heh e4ill cap RGR sad@oSaHird gRonf ace and bei ng
inclined upwardly fromsaid front face toward said rear face when said cap
is in sai’d covering position. 5 4. The gasifier as clainmed in claim?2
wherein said recedi ng I j . than.said slag diverting
section. 5. The gasi fﬁé?ﬁgghﬁﬁ%%é:? Hlng&ﬁg?fm?%@eﬁ%?%dgeﬁfe‘gn%ap has a 10
front face ocecti@sipofidraagr breashintsaiibdlad divertihgrséam. and a rear face that
confronts the thernocouple cavity when the cap is positioned at said

t her nrocoupl e opening to cover said thernocoupl e opening, said cap having a
peri pheral edge bet wesnTigaialiet 801afdfin WS el Bid @ Gas 21 @ per i pher al
edge having an upper portion and a Fover portion when satd cap is in said
15 coverliong fpwd face snrrespondingpe said hdt-faoevsurfaveahd ansardficeshatd peri pheral edge

confronts the thermocouple cavity when the cap is positioned at said

thermocouple opening to cover said thermocouple opening, said cap having

a peripheral edge between said front face and said rear face, said peripheral

edge having an upper portion and a lower portion when said cap is in said
15 covering position, the upper and lower portions of said peripheral edge

sloping downwardly from said front face toward said rear face.

6. The gasifier as claimed in claim 1 wherein the
thermocouple opening includes a counterbore and the cap and the
20  counterbore are of complementary shape to enable said cap to be recessed a

predetermined amount in said counterbore.

7. The gasifier as claimed in claim 1 wherein the cap is
generally disc-shaped.
25
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sl oping downwardly fromsaid front face toward said rear face. 6. The
gasifier as clainmed in claiml wherein the thernocouple opening includes a
counterbore and the cap and the 20 counterbore are of conplenentary shape
to enable said cap to be recessed a predeterm ned anount in said
counterbore. 7. The gasifier as clained in claim1l wherein the cap is
general ly disc-shaped. 25 -23 8. A cap for protection of a thernocouple in
a gasifier <conprising, a) a generally disc-shaped nenber having 5 i) a
front face for exposure to heat of a gasifier reaction chanber, ii) a rear
face for confronting a thernocouple cavity, and iii) a peripheral edge
between said front face and said 10 rear face, b) said cap having a
sel ected orientation 8héek edmfos protection of a tlarmot@uphesina gasifier cal pl ane and
said front f&%?rn?s a slag diverting section that is inclined away from
said rear face 1 % downward direction when said cap is in said selected
orientation, 15 wherein Haignballydiscahfpddafedbdraaf@eng section that is
bel ow said slag diverting section when said cap is in said selected
ori entation, said recedingl@deant &ase Ber exgosure ka Ieatiof ogasifiersai d rear face in
an downward regcgfoglic pdi rection when said cap is in said selected
orientation. : e ¢ap as clained in claim8 wherein a hole is forned
in the receding section ofiipgdetr faa9forsohBoMitligt B¥ineRduple chfiough said
front face

and

iii) a peripheral edge between said front face and said
10  rear face,

b) said cap having a selected orientation wherein said rear
face forms a vertical plane and said front face has a slag diverting section
that is inclined away from said rear face in a downward direction when said
cap is in said selected orientation,

15 wherein said front face has a receding section that is below
said slag diverting section when said cap is in said selected orientation, said
receding section being inclined toward said rear face in an downward

vertical direction when said cap is in said selected orientation.

20 9. The cap as claimed in claim 8 wherein a hole is formed in
the receding section of said cap, said hole extending through said front face
and said rear face and being inclined upwardly from said front face toward

said rear face when said cap is in said selected orientation.

25 10. The cap as claimed in claim 8 wherein said slag diverting

section is of lesser area than said receding section.
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and said rear face and being inclined upwardly fromsaid front face toward
said rear face when said cap is in said selected orientation. 25 10. The
cap as claimed in claim8 wherein said slag diverting section is of |esser
area than said receding section. -24 11. The cap as clainmed in claim8
wherein when said cap is in said selected orientation said peripheral edge
has an upper portion and a |ower portion, the upper and | ower portions of
sai d peripheral edge sloping downwardly fromsaid front face to said rear
face. 5 12. A method of protecting a thernocouple in a gasifier

conprising, a) forn ngjaTkd\@paBeRUALEIC@Nhht § whBRin @Hfr?mce{phgﬂpgh a

reactor shell of the gasifier, through a refractory lining on the reactor
shel | 10 ariid selestrghorientasion faid @eriphdralosslgo hag dreupref partivoeyd &i ni ng to defi ne
a t hernocoup| eni ng..at_the t-face.surface, and, .b rovi ding a cap at
sai d ther rmclf:)1 8@5?@0@8%’%11%3“?% aggPo%%é’PﬁWé‘SB §2}1§P8‘}’1pr}t6631569£§10@3$ d

t her nocoupl edospevirdly fedi sdib @oabfacOteyedfear fiY. Sl ag that is forned in the
gasifier on the hot-face surface fromentering 15 said thernocouple cavity
hrough s&i d t her nocoupl e opening, wherein providing the cap with a planar

rear surface to confgien t vity, when the cap is
positioned at the thg?'n%(%l@&de&%%%‘ﬁ%gp"{tglelgrg?/cg}lmteﬂ%atgﬁgéﬁ%coupl e openi ng,

and provi di mpnipegingcap with a front surface corresponding to the hot-face
surface and form ng 20 an .upper portion of the front surface with a slag
diverting section that i3 forHRE p HcamaeRple cayiy thas exiends thigughee in a

downwar d di rggdib0dpeMRehetAS ' i 1. dq: 1 | orientation on
t he thernocoupl e ogenl?nS.éalg?ﬁ%ﬁ%%?ﬁ%}ﬁg)?y@glé]ig%nitgéfeﬁ%ﬁ%%%#g formng a
count er bidr e and through a hot-face surface of the refractory lining to define a

thermocouple opening at the hot-face surface, and,

b) providing a cap at said thermocouple opening in a
covering position to cover said thermocouple opening and thereby prevent
any slag that is formed in the gasifier on the hot-face surface from entering

15 said thermocouple cavity hrough said thermocouple opening,

wherein providing the cap with a planar rear surface to
confront the thermocouple cavity when the cap is positioned at the
thermocouple opening to cover the thermocouple opening, and providing the
cap with a front surface corresponding to the hot-face surface and forming

20  anupper portion of the front surface with a slag diverting section that is
inclined away from the rear surface in a downward direction when the cap is

positioned in a selected orientation on the thermocouple opening.
13. The method of claim 12 including forming a counterbore

25  of complementary shape to the cap at the thermocouple opening to enable

the cap to be recessed a predetermined amount in the thermocouple opening.
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25 of conplenentary shape to the cap at the thernocoupl e opening to enable
the cap to be recessed a predeterm ned anount in the thernocoupl e opening.
-25 14. The nethod of claim 12 including providing a through- hole in the
cap to extend through the front and rear surfaces at an upward inclination
toward the rear surface when the cap is in the selected 5 orientation. 15.
The nmethod of claim 12 including formng a receding section on the front
surface below the slag diverting section and providing the receding
section with a slope that is inclined fromthe front surface 10 toward the
rear surface in a downward vertical direction when the cap is in the

sel ected orientation. 16. The nethod of claim 15 including form ng the slag
di verting section w t k| Ebemethed of kkimtlRdnclediegipruyidieg & itoought5 17. The

met hod of cl,aijm inc] udin rrangi the cap sych that a front face of
the cap cor rlg)é%gh]tggc poéot%ée”ﬁéﬁloflg]%gle%'\‘%@r@EW§CF%§@ UHAH of the cap
confronts t HaclidagbAeseaa it reavdukfhcdVVBn tHeQap &inithe idlecidde covering position
at the thernocoupl e opening, and providing a peripheral 20 edge of the cap

bet ween tthe BH{IOBNd rear faces with an upper portion and a |ower portion
when the cap is in the covering position, and form ng the upper and | ower
portions of the peripheral edge with a downward slope fromthe front face

to the rear face. 25 126The method of claim 12 including forming a receding
section on the front surface below the slag diverting section and providing
the receding section with a slope that is inclined from the front surface
10  toward the rear surface in a downward vertical direction when the cap is in

the selected orientation.

16. The method of claim 15 including forming the slag
diverting section with less area than the receding section.
15
17. The method of claim 12 including arranging the cap such
that a front face of the cap corresponds to the hot-face surface and a rear
face of the cap confronts the thermocouple cavity when the cap is in the
covering position at the thermocouple opening, and providing a peripheral
20  edge of the cap between the front and rear faces with an upper portion and a
lower portion when the cap is in the covering position, and forming the
upper and lower portions of the peripheral edge with a downward slope

from the front face to the rear face.

25
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