WO 03/081192 PCT/ 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 werosiogubarly to a novel cap device and net hod f@CTarsos/emtd ng a

t hermocoupl e and the proximl vessel shell of a gasifier in 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 nonoxi dePROTRCTIVE AP FOR &Y THERMOCOUPERIN R GASHUAR NY gas
and fuel gas. The housing of a gasifier usually includes an outer reactor
10 shell or vessel forned gf 1Y i jﬁ &5 jde with one or nore
| ayers of insulating and r i s Y e clay and fire
brick, also referred to as refractory lining or refractory brick. The
inside space of the gasifier includes a reaction chanber wherein the
conversion of carbonac i : AEm 1 g@ghf'er
operating 15 tenperaturggﬂgg%%%gﬁggegggéégggﬁgg%nateo§yg%%%hg' 0] §%oo F
Typi cal  gasi f nevelapprdevicegmdrasthodes: prtedtmpgethbrastdplé and @k at nospheres.
If tenperatures in a gasifier rise aboyeé&;edepernined limts, the inside
refractory |i nprexiswhvesset shebloofiahgaseligr in ENHHHEOﬁﬁEéhmgmxﬁmphx shel |
unprotected from potentially da ing heat conditions, If the 20 operating
tegperatures in the gasﬁﬁ? 1mﬁég&@% eﬁgpﬁmﬂﬁr ebé@ﬁfh@@-Zﬁp%ﬂpé, t he

gasification c I&d Ok & r carbon us fuel to.gas can have a |ow
operating e?fi gﬁ%%b@“ﬁ%ﬁ r ?%Jgs C%ﬁ%?ﬂ%g%%l%fﬁ@?@s 183@%8}%%’&?3 oﬁeurpnf ormation
relating to tegpes alayhed olbFodite @eéwslx%{xth&sfom?d%gfn'dm%}@&{ I ndi cat or
of whether optinumgasification conditions exist. In -

monoxide, known variably as synthesis gas, coal gas, reducing gas and

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 thernocouples
at one orwpms@siievels in the refractory lining of the ga®Ciusn3/o0914
Ther nocoupl es are often provided at mdl evel and/or |lower 5 sidewall |evel

sections of a gasifier. Tenperature neasurenent at these |evels can al so
be used to extrapol ate information regarding operating conditions at other
| evel s of the gasifier. The nunmber of thernocouples used normally depends

on the type ofcfeafdst@cke Piavhlashnt Bf tdhehaamid irkide the WabifRS itGoalelor | i ght
oil, and the anodnt™ of slag that is produced. High 10 sl agging gasifiers

may enpl oy ei Ghiowirherinstallwplees mérerthensmouples anbee eamdrevewllagghag units or
non-sl agging units may use only two thernocouples, for exanple. In one
known gasi fi errefiacterphipimgef thegpsibiebupl e cavity accommodates an el ongat ed

th | e that t h h i.f hel | '

ref ractory Tining to ¢ ndheaaigkecns e Provited ariGr o A tIPelonp e i <
tory lining to t| | . .

- eoossed f fomneat [ eyFiseRiie b PR CPRAR By HiasHlent iR ol IRSTTCL P 1

the hot-face guydiaesn alliDetlsed $o sLEipRMNB infi@ation reddreinghspermanqupl e cavity
is usually kept as small as possible to prevent 20 excessive heat from

reachi ng the geaiditicars atbéldr 1é¢velnof)he gasiftehe Tire nouee of Hwrirtogouplas sone known
gasifiers, the refractory lining includes_one or mpre, adjacent, | ayers of
refractory natusefl alormaly dagendsiondthe dyge o feedstoclrprovidedinythggagifier,s” known to
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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 ati ve wo osh&ligasi fi er shell as a consequence of thernalPCEAsasisivon of the
refractory lining. Since the thernocouple is fixed to the gasifier 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
tenperature pQsi:ti r ! it . HRe iQc €0 LS shgllt 0 an

anbi ent terrpe?%%l rgﬂggﬁglﬁ%{;ﬂgﬁl %1]?111%;@11 %lgfi fi e??ﬁkl'lgg tF\I(['-:r rmcoupglhg cavity

al so has an openabha@ueaspef dictinel @esintivanf thetetdctarytlminge t her nocoupl e
that is different fromthe anbient tenperature 10 position and corresponds
t(r)] t he Ioper ating tenperSinge thectbatnesanplats fixes toghe gpsibier shall, ther@gal |  known
that nmolten slag forns_qgn the hot-face .surface of the refrgctory lining in
the gasifier GSPIER pEtheds é?@%hnaf ﬁnmﬂﬁwa@'é(rf%ﬁwe% athjee%llgangS ggs.

Mol ten sl ag us %Ig‘I?#le iP%\_{\‘/’SVe %R}\%&%ghéle%ngqgreglgélﬁ{o%loﬁlgev&%t&pqlheporti ons

of the hot-fa_c? vin can rate’into the
general |y horigopbu ﬁrt%"vi‘fgqme% £eMhb¥nt RhakeRutdBoHaYh olaperithg i n t he
hot -face surface of ? e refractory lining. Sl'ag that enters the

t her mocoupl e gthiocowplel corfgpondihg yo i lainbdenttempémbekycontipntdfghel ear ance
space in the thernocouple 20 cavity between the thernocouple and the wall
of the thernogesifice Tbavhargioconple cevireliadisiay qneFIEEIeHI MR PRI ar ound

th th le b | i : ]
fhe ihermcolile by, Ao secumien s ADYETEIL ol e et meountc.
25 refractgry plolsﬂfo%gan%ac%r?e%gSl?dsstgl thd 'oi)éﬁgmﬁ Lagpb kB ohBftiHRAHR! € 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.
_



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 ati velwoioaiemabl e since it is supported on the gasifiePC3rEsbs/00918 WO
03/ 081192 PCT/ US03/00914 Casifiers occasionally need maintenance or
repair. Sonme 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 Gahiietd\@soupioaly acediiaintenigicatorvepdio. Sbome

t her nocoupl e. Thus, during cool down of the gasifier, thernocouple damage
can occur, espeaisdrepestadchmplishedraftentbe gasifier tsycdoded floggdtbmi t h
solidified slag. As previously mentioned novene of the refractory lining
during cool deBSrEEEEBPEREUL i m e%%mﬁr%!“@gaé'&“% 4pP@ cavity 10
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t hermocouplke f gibsﬁlo?lgoftﬁe%ﬁ@n‘f&%ﬁgﬁfdgk}?k?elﬁﬁ% tythehaBrhbougds i They, 15

cool ed down repairs unrel ate e thernocouple may al so cause

damage or Sheaﬁjrﬁ% ol dBemasf the kesifibg thaempupk danhgremassicuat e 15 renoval
and repl acement of the damaged thernocouples. Thernocoupl e repair or

repl acenent megpedislly ifthaithanwcotplarcaviyts ooghed satherplislifzed slagt has
accunul ated in the thernocouple cavity. _Renoval of,. the solidified slag
from the therrmocoupl e cAFBIGVIRREY Petinned meygraent s t eF‘?ffsﬂCMr]:’éH‘Fg
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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. Itis 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 r abl ewotos/oprior ect the vessel or shell of the gasifier PCA/ush&oogi£i nity
of the thernocouple cavity. -4 WD 03/081192 PCT/ US03/00914 OBJECTS 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 tOBJEETIS AND SHMNARYCORIEHE N VENTION nocoupl e
cavity, a novel countersunk cap for_ formng a protective covering for a

t her nocoupl e 10 cavi t yAseens g several ghisrisiadithe mveaiien meaypbereetede f or
protecting a thernocoupl e cavi i. asifier, .the c havi ng, hol es for
transni ssi on tg? pF‘?W]chP%ﬁé‘ﬁvei é?%ﬁ@ﬁ’%ﬁ%g By ,edtborw%\;gﬁ1mcgc&1%}e{/e cap for a
t her nocoupl:e LEd J i ! rface
portion tosdif@@fﬁﬂ%ﬁggégﬁggC%@%@%@?Egﬁ%éﬁgfgggaggtﬁ|o gh%gq%ﬁgycap, a
novel protectiugingofihe fRimdcoiysE FRECEY R Roviel cp @aﬁicéif@rdprowbﬁngap havi ng an
outer surface with"a slag diverting section and a recedi ng section over
whi ch sl ag is tHenaodosgle arad achesmopoaplechivity i agasifier and Hervassdupl e in a
gasifier, the caf having a slag diverting section and a recedipg section
over which sl ahellofdhe gasiber in theyiginibeaf Hig fi\@ammp AV, aaoxel “a novel
protective cap fo

0 th upl e i i £ h hayi |
i ver ti ng sectiwtanacesn Brdbrmgattshvo sarous i WRsiiPoBtert ca. the

recedi ng ctign: i . 4 0C) LOidg ze the
possi bili fl ;f/) of&ggg%&lg{r}%gyﬂ% %’%ﬁ%’ ééi“gggp%?%?e{f}?% gﬂ(gh&!ti@ezhol es, and a
novel nethod ohefh&dsPld &ity in a gasifier, the cap having holes for transmission

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 hereiafter.
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a thernocouple in a gasifier and the vessel or shell of the gasifier in the
25 vicinity of the thernocouple cavity. Other objects and features of the

i nventi orwaioBlstie2z i n part apparent and in part pointed oRCThsSogIIafter. -5
WD 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 embodi ment of the

invention the protectivey aE@&dhﬁc@w&ﬁrtﬁé ﬁlv‘e)iﬁgh% réi&%ﬂ%’c%& fgpci ure that
i ncl udes an upper slag deflecting surface and wer recedi ng surface. Slag

is thus defl eCtheﬁnbyouﬁléandlaftha@rﬁodmgpmxrafvayan@\@rmﬁdﬁes seAldidrg asur f ace to
bypass the receding surface. The receding surface can be provided w th one
or nore hol es apeningpf enthemhecauplaravitt ina hotelone biving of thaveaofionvbr e t han
one hole may facilit tﬁ ;]ﬁgul ation of the cap, and apart fromthis

consi der ati on SHEOHATENe gaifiEl feasible. Preferabl y the hol e(s) are

inclined i ng an upwar d (ﬂ %feg&dhe?n@ﬁh%hfgf%?qn‘? gteetfl esI ag and

excessi ve heat rovm ng oug [ coup e cavity.

In gasifiers t OpdiiRtalhodie AEHSR s"‘thﬁ:ﬁn%ﬁ‘ﬁat%hﬁﬁdgsezﬁﬂ ﬁﬁsémagsurface and

| ower receding urface ca be r aced by a single planar surface. A

peri pheral edgéefidctingsupfaot ead ﬂoneemaechﬁg suifper. Slag id theerdeflpetetiibgns t hat
sl ope downwardly froma front face of the cap to a rear face of the cap. A
count er bor e i stherdsflecting gusfegenexer |ﬂme tdq:edmfsmafap@tq/bmaﬁ;s ilae resedigacconmodat e

refractory 11 nifigeTADCISEHIBE BOHECTH HE IS et L pBecRgro Bty
conpl ement &5y §RARG it She Wh%h@&ﬁ&ﬂ%%%ﬁ{}fe ctagf'ty.p WM& hhY Sné ABle 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
portioris 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 nerwOaB/081182 i nvention the hole(s) in the protectivecrasoyeanibe
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

cavity. The i miGrGRndii Bafe iihisdetole. Mchadielivtes apiihag a

t hermocouple in a gasitier. T I nclu ormng a thernocouple 5

cavity that exjpefithgs! slkeugiuras taehb sbig wilkergasthkithermddouplgtavitye refractory

lining on the gasifier shell and through a hot-face surface of the

refractory |ining to d&hemeveatiohdurthennpludesparithed af pratectingaf ace

surface. The nethod fijr,ther i.pcl udes provi.di p at fhe therféocouple
a

opening in a dBU@RGYPle N e ﬂloﬁﬁﬁcﬁ]la%?fﬂ%{%%fié FHERCHY Cand

th b | | -
surt ace Tr om aRvriing e tublish el E: B B el bR 00T
openi ng. The MRLAOENflE bRGTier il dHdERrdhY Rk-Rcs ST SPME rafradtBsy

t hernocoupl e opentng to“enable the protiective cap to be recessed a

predet er m ned laifpgtd defind b éhdrhvcongle wperingapein hot-fats skfatdeThanpdoids of
the method include providing the cap with a slag deflecting surface and a
recedi ng sur f dogheOnebrdeappevidings cap sidherdhergocpuple aPenigenfapHeringn of

t hr ough hol ,.in th : d | ti .th I i [
surface of ?ﬁ?%gk%wf%ﬂ%ﬁ&sa eI PRE AROTHSURY BiveatimelE S T he
cap toward .a rear surface of 1h . i ncl ud

provi di ngqg petﬁgﬁfﬂg}’%ﬁ g%”&ﬁ‘g'a%ﬁy;% Héﬁ%gg&aﬁgg ﬁrfﬁg‘%)ggﬂla%‘ﬁéﬂl‘g%}é ggr ;J i g?\s t hat
sl ope downwar dhy-fi §ipte E4v3R1 thi@sh Bk 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.
-



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 nocowwba3sosmpty 25 by providing a cap at the thernoceapltSodpen 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 netho i+ rd ; i nvention
being indicated in the%egﬁ@t%%ggfﬁﬁﬁm@%%%ﬂwiﬁggﬁ&?‘*I&ﬁi t he
drawi ngs, Fi g.méthods hefditigftdridesctiboda tisgtiope v slecinventidn beimy of an upper
portion of a gasifier with thernocouples In thernocouple cavities that are
open at the reahdwatesrip thelamys. 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 AgNE! 1=Tod M |l x VAL taken on the |ine
4-4 of Fig. 2; Fig. 5is @E‘T‘S.{ g'rj-.}. Hﬁ?@ﬁh@%&wﬁﬁgﬁ taken on the line
5-5 of 154 9. 27 Fi g 1fylsqanigsl arged fragnmentary sectional view of a
t hermocoupl™e in a theribcouple cavity with a protective cap incorporating
one enbodi nent of the pigeseita diniptifiet FrigntdnGary Setitodal PSS PEEH upPeri 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 fragmentary 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
refract oryo oblogiaks bei ng shown in dotted outline; Fig. 8 iPETAISU3/ensi m | ar
to Fig. 7 with the protective cap installed in the refractory bl ocks, the
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. 9Bis eFig.@AE’é ﬁﬁex\éb_@aﬁxlehﬁé%ﬁthgﬂ&ve&@ﬂaéto@yBIcQﬂktof _

el evational view thereof, 5 Fig. 9D is a sectional view taken on the |ine
9D-9D of Fig. Pig 7;Fig. 1 OAis a perspective view of the upper refractory
block of Fig. 7, Fig. |_OBis a top plan view thereof; Fig. 10Cis a front
el evational view t her eoffig19B H gtop 1gen ivieva theseef, onal vi ew taken on the line

10D- 10D of Fig. 10C, Fig. Ais a perspective view of the protective cap
i ncor porating one enbodiFgr%'ngg&Eﬁ‘a?fﬁgt y,qetﬂqqaimew;p _rquB is a front

el evati onal¢ vi ew t her eofg: - F : i [ fo~and,
Fig. 11D i 55 a sectional F&%‘eév]\?tlgég%c%o#aﬁlgall ﬁalﬁég%@ﬁﬁbgg@%&?}ﬁggc’

Correspondi ng reference jghar@eies ﬁeﬂs%ééitﬁ@tﬁeﬁfortﬁéﬁ i R BldcRrgrughout
the several views of the draw ngs. TAI LED DESCRI PTI ON OF THE | NVENTI 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 e 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 exemple, 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 nunber 10 in Fig. 1. The gasifier 10 includes an outer reactor
vessel orweleios1122, preferably fornmed of steel, w th an iPemaros/@tact ory
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 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/ US03/ 00914

| ayer 34 of r | lay i 4 | ation
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The refract or islpréwidgd bétwiehi the sutermesiclayars 4 hadtier gabtfidrishgll 121) in the
gasifier 10 that receives carbonaceous fuel fromthe feed injector 5 20
for conversion to synthdiegefjactony litiagideadefineparreadsion dfambrs 4948%g.i er bel ow

that shown in Fig. 1 are n shown.in Fig. 1 since fhey_ c e.of an
suitabl e knownl)dBrke g%ﬁ%ﬂ&mr%ﬁeéveﬁ&@r%aﬁ? e} %ogﬁthe&ﬁgg}rg@cé%i né of
the invention.,Jhe gasifier. 10 ;s provi ded with i . y suitable
10 known commAL R )i e nial s chasy iz, BoBids Y giliner

t her mocoupl e %w%ytd&r%vﬁﬂmg. Pafd AGNhAGMSHARG! 1 8flck M NVarsSBE bl e known
manner at the entrance to a known thernocoupl e nozzle 48 and extends
through a t hergmcatifabke lopsnh donstiiction tahd agasot petinedtgblan12. The

t her nocoupl e nozzle 48 is welded to the gasifier shell 12 in any suitable
15 known nmanneundeTdtendihgoftieouyeetianl, whi ch extends through a thernocoupl e

From the hot-face suradBesssisr iR pirvdct Bit) 4 HIHGY BA ¥R HEr mocoup! e
G2 %0 U i SRRSO RGP i 55, o0 Bl
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
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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
gasi fi er wehealg1192. The peri pheral wall of the thernocouplPeTasod/009160 i s
generally indicated by the reference nunber 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 thernocouple cavity 50 has an opening 68 (Fig. 2) at
the hot-face surface 26, and in general the opening 68 is uncovered. Thus

mol ten slag (%Poe?k?g%%)gg@hgmsf@t%ﬂ%ﬂﬁioeeuﬂ@%awty@bi ®la@f nunerous

different fee ownwardly al ong the hot-face surface 26 and
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t hernocoupl e cavity 50. Slag accunulation in the thernocouple cavity 50
wi || event ual |elimindtecthe stearaiderspaca bethisen thetheameeouadéd apditheen t he

t her nocouple 44 and th t hermocaypl e cavity wall 64. 5 Cenerally, the
anmount of cl edPERBRLCPR FALY W \ﬁgen the thernocouple 44 and the

t her m)couplse cavity wal beglgrragﬂ, H an%&g# é)ifscg%gﬂﬁ%ggo{fﬁedsb%mé %{éonpeti ng

consi derati"ons. One consi onT1s C rance — nus e sufficient

enough to avoiyeiRb&fpts 206Rd IR MRBAcEAMDIS BAFIRPHAH A Fds. 2a5distsliBjcobdd 64

of the thernocouple cavity sections 58, 60 and 62 during 10 nornal thermal
expansi on and sz@bial acinpetingtohdidemabnacOae yohsgemnsion4s t1zd thendearddce as when
the gasifier 10 heats up or cools down. A further consideration regarding

the sel ecti on mfstshe sudfivient enaighdaeoisbinfrréarenerbativsenteoihsraosanplpd4t he
cavi Ly val| 04| L ak B2 HS yCroses sect) onal pper o, pl, d b i herocou
the t her modbupt BTER LGB e Rk Hagush KPRt a0 im0l E
and reduce or | ighARnehb Basi#Rs 10 Bdak Aol down.
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.
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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 rocouwwbe3osmdty wal |l 64 the greater the risk of exposwce/usb3/odoes
gasifier shell 12 to heat fromthe reaction chanber 40 through the

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 sﬁ%&%&}&o&m@%{&qg@oﬂ Melubjeetld @IHiSkdr R s

expansion of the refractory layers 24 an to conpensate for t"he normnal

range of vertigfHeat®ysorsand amd tHeh@al &:gfansiohcmyl doayartorR thaantle Backwy ative to
the thernocouple 44. -11 WD 03/081192 PCT/ US03/ 00914 Since the hot-face

brick |ayer 24brick lsybi 2@ pethetauttingdes brighdayesSdon gnesder amposinieesietlt her mal
expansi on and contracti gt? t han t?e backup. brigf l.ayer 3Q or t.he _quternost
brick |ayer 34longatongrdhemmesmploslegranes spprov e@ﬂaéﬁ? 63V1BF SeCHER RS Qfupl e

I , Cdad i . b . ] .
ayer 24t Han R SPRakeli EyBEYY Bibo SRR SR DscSliofs BO IR AT 01 7o
30 and the OUtl@JcﬂEBE%}l%kilﬂferb@yﬁfdﬁé-ou?é?{rﬁ{s’lfbﬂ&d@e@@ﬁ- 2-5, the position

of the thernocoupl relative to the solid |line thernocouple cavity

sections 58 and 60 corr &fanag to Rigan-fnhe positioaiehatherdoconse ¥don of the
gasifier 10 before it is heated up to 10 the operatin% tenperature. During
start-up oper atelasivedd ththeolighing thermogoue cayigy pecdions y Iaalylg)(%cmspgud%md 34,

Gener al |y oxpadcn HOGRT iSRG WIS Gt S hemsttia0 egeteeis GRS 49 Bin an
2L e AL . 95AL LR SRSEL RSB e 1
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  to provide 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).
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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 anbiwpoto3pgrmper at ure to operating tenperature conditi @e3/UShs0®@14 | 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
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(Figs. 2 and 4), and the cavity section 62 of the layer 34 (Figs. 2 and 5).

-12 WO 03/ 081 D2ndETTUSePEIBEAenPhmtaagrasitionp thaylesratagoupledti telasiveot t he
t hernocoupl e 44 rel ative to the thernocquple, fav' ty seat i.ons 58 and 60 is
shown dotted itA thy gavity spchinn 62 (Fihe) dpebstaniiy 1@/&%@4 ¢ GFENEORFIAUER of the
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brick 34 containing t avity section 62 expands at sUbstantially the

sane rate as tdxafashf subktaptiglly tHelsanky eife sdibeaatiier shell 1 Devhivie suportsnozzl e
48 and hence the thernocouple 44. Wen nolten slag (not shown) flows
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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 thermocouple 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
anount ofweloagsiim t he t her nmocoupl e cavity 50 can thus exePCTaSddoernar d
force against the thernocouple 44 thereby damagi ng or shearing the

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

t hernocouple <cavity 50 and the problem of heat flow through the

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

protective capg 39 ﬂ)sthe%hgifﬁi‘gheﬂlf-f} befér]alglfr tHR&I 8108 CBI? 8biigfece&cdn 7
5 120 (Fig. 7) of the

the protective cap 80 covérs an opening 2

t her nocoupl e ceh¢itiof-faék layere2panihe Glot-FeceampfaBe 2p1(Piga)s the thernocoupl e
44, substantially elimnates the mgration of slag into the thernocouple
cavity 58 and restri cts Referriniggw Fags.Hd4k, 1tli;, ddGrandnkl D itles prodeniyiegap- 13 WO

03/081192 PCT/ USD3/ 0091 avity 58 to the gasifier shel . Preferably
the protective Qh%pag@lqrgllyé§g e ?FU({W‘N%P- fC48 qféy@@égﬁégﬁse«[ he hot-face

surface 26 {Fi i ' 1A, t he
protective %apg}lg’gﬁ?'s%gg gé@ggg’fl&gf@lngzg-wsehapé‘cg]eé?rr%%?@é}%e%é%%g% be forned
of dense 5 al ULB®4 afliG: SHPHREIRAS e B6THeBREed AEF @R fade ARNBleaLAYFaBE aNar
vertical rear face 84 and a peripheral edge 86 between the front face and

the rear face.Thdfient faeet82fiackdSan npperddse divertiipesecsioa®Ocdhueis tin¢lgheslect i on
90 that is inclined away fromthe rear face 84 in a dowward verti cal

di recti on whenaw#e fioapthesear faca 84an ecstoathvoaridarertagal divegaion Hdwen therca 5. 8.
The front face, 82 al so,includes 10, a recedi ection_ 92, _bel ow { he sl ag
di verting sect1%8&3%}%&%9@6?@8@&@%@110%& ith 55T hSIPRE TR 83 Ao iNERe. + aar
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is of smaller @ig8nHnas iddecltERHIHeI8S 08894 a 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 the
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 facilitate
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
from the woonnsfiare 82 to the rear face 84 when the cap i #Crrusphienisel ect ed
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 receding
section 92 intersect at the intersection line 100 (Fig. 11D). 20 A pair of
hol es 104 and 106 (Figs. 11A and 11D) extend through the front face 82 to

the rear face af}ﬁ%ﬁa%aﬁﬁaﬂd?piﬂgﬁ@fbﬂtﬁwbwmanﬁsrpcsasim@“ﬁﬂpmte thvad®l&2 to the
rear face 84 whenh the cap 80 is in the selected orientation of Figs. 6-8.

Pref erabl y thedOdaeinds] 0504 shioshnil 08 cap evithomt hbked ight hisorbedeakiblg. secti on 92
(Fig. 1 1B) of the front face 82_ It_25 should be noted that the two hol es
104 and 106 can facil i t Beferringio Bigsa? i28f Sohe thamosguplys GVHYR§ Bnst al | ati on

q L o i ) ) : X
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106 as_shown. e eaRtyw S hiHas HRER Foufidihat BleSWoRphrasblicks 1Rehadring to
Figs. 7 and 8 the tHernocouple cavity 58 is preferably fornmed in upper and

| ower refract drf, blecgisier 14 Dandid ahdinBalMii the lodrfadelafor 2 thasf orgense al umi na,
each block including a portion of the cavity 58. It has been found that
the two separ dileck(nssgbownpcentaining the viydssi er to handl e and install in

The t her mcoupl o cavi ty 108 RTRESYH e AU ABL B codnBract e EPIE ot The
e DS R TORERURLEELR8 Th8 chinelvortaTBlggen:ary shave v Lh (he
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
positioh 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 hel ps maintain the position of the
cap 80 i rwotw/ogaent er bore 118 because of the downwardly 1PCirnsbl/oma
portions 96 and 98 of the peripheral edge 86. If desired, refractory
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
countzgrt)ﬁre _118.CHAIthough the size of the protective cap 80 depends in part
on the si - (af=t iBBefaled s PIs0cks 110 and
112 (Figs. 9iﬁ§ndV%%,S@so%gg?ﬁgﬁé%%?%gilgﬁpﬁagg %g thee)p?rjlcs)t ective cap
80 include aappicxivhatly appT. oXhevah €1k Yetvldenntire reveditpesactian Fael the, a

di stance of approximately 100 mmfromthe Iine of intersection 100 to the
| ower peri phéowér patipheparedgo 9898 approximaticl &0Te bite apgle bgivrendhy 17 nm
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between the Q19884 9ZnPEPHASAR 1802% periphadl dieardd i@ $@aiel on 90 and
t he upper periaéﬁlgao\régi?rl ggége porti (%b% i's ap%rerolgi matelg;/egllo. The angl e

bet ween the r@%gﬂix@ﬂlaf@yQQMn&HiMdttheholersvilé)ﬂ quer i(fhare appevigmagdy | s

approxi mately 105. The angle between the upper peripheral . edge 96 and the

rgar g gce 24 ﬁémppmaiaamteéla}ldm@&.e aphangie QﬁQM@fOEEﬂ%’Iég’nSQOh\é{ﬂhégﬁeaﬁeri pher al

edge and the rear_face 84 i s  approxi mat 8 The .upper, and Lower

Egzl phgril eddece &b 3{16d%a%@eﬂﬁﬁg}%s?ﬁwg%ef@%{)m%o?Pi‘i“gﬁo%fﬁc? RZ hol es
an are proxi mat el mm i n di anmeter and nake an angl e of

appr oxi maﬁgl ycéﬁ%\%iapﬁr?x f'ar?eé P4T0ke 84. The di stance between the hol es 104

and 106 on the front faRgfRdng 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 - courwwerlBosEaIportion 11 8a that is conplenentary to tRETIUSOE00914

peri pheral edge portion 98 of the protective cap 80. The |ower 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

portion 126 (FRigmpl@faentdry $b tighigper periphaal édgyportiba 9% sfahelprotéddvd 0 t he

sidewal | 130 and the rear face portion 132 is slightly convex fromthe
sidewal | 128 teapt§e Theluppdr refiaGobebhvkd 10Mds@mctities mpopppt sedblonck 112 is

provided at the refractory Lining 14 where said lining has a cylindrical
shape. The tapditef @m@Wﬂé@QQ oppgsiestidawplis 111%éudt1ﬁg thajlave def r act or y

bl ock 112 i hot - f wh h | i ni [ f
oyl i oal it P HOGRR R Ace Mo ien 196 1GR a8 oeh B6BR: bott om
surface 134 anth uliep s Wi 8B L 50R(A 996 S biepoRRouApse el ract ory

bl ock 110. Referring to S. to 10D the upper refractor ock 110

i ncl udes a corisiayle 102! Thagearsfics perionor4d Beohéx Sinfildras that Jffiles rak t he
t hernocoupl e bl ock 112 and a sem -counterbore portion 11 8b that is -16 WD

03/ 081192 PCT/{3s0800(01 132 obthelthemmmicauple bloché12pdbe tprare@hicienialledge
portion 96 of the fractory block 110 al so

i ncl udes an upjfer a&ﬁ/fg%llp\élggk %?ep‘ﬁﬁ%-ré-r @eq@rpygﬁlred%ﬁéoé%&&s P8¢ dewval | s 142
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tapered si dewaddrface 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
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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 orOlmBogkod10 al so i ncludes a top surface 148, andPaThsos/eovi4 surface
150 that confronts the top surface 136 of the lower refractory block 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 approxinately 180 mmwi de at the rear face 146
between the siggyal ; clined
approxi mately 4 fror@tﬁﬁ2t %@gth?Eg%gﬂﬁggﬁ%%9%ﬁ§ﬂ§g§%§?éhﬁé&%h%ﬁ The

di st ance betme@ﬂgébemﬁgbxhﬁgehsumrace 126 and the rear face 146 is
approximately 175 mn and the distance between the bottom surface 150 20
and the top surface 148 Ths C@pﬁy@k)llnéh@chkllw)rmhla}’b@%ambyf@mﬁtdlain 58b

e o RSl e 5 T B e
t t
9 st ance bl vegpy e o OGLAGR o LTy BT SEnERY

25 a radius Ofmaa%ﬁﬁﬁm%ﬂlayto‘iﬁlaﬂu&cmedtf&eth\e@hém%co Ef‘e @1%1@& eIPRHE 1S

inclined at an angle approximately 80. The size a angul ar

rel ationships fm. Hbarelveweme tmﬁhﬁﬁ@lqﬂ@lblbckblléolanﬂﬂzmadf&I&thnaﬂant| ally the
sane as for the ;i%er t her nocoupl e bl ock -17 WD 03/081192 PCT/ US03/ 00914
110 except f orsmaléervthan thefthetmocphe blosls ¢1Q En@llzlb)ecmedheﬁessnncl i ned at

an angl e of approx mat el 0. caVvj 60 in th ckup brick layer 30
can be forned $P0IEH retWe%ﬁ%?g%ﬁ ]g% %ﬁﬂsﬁ%ﬁe@ PRERUIOBOTt hat gach
i nclude a r t('égaranée 81‘ thehtﬁelgh‘%1 éo%leGQawm ﬁé]e%irr{g)c%%%llgrg%l a%ccﬁg 160 and 162

are 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

it is 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 thennocouple blocks 160 and 162 can be nade smaller than
t he t her nwomapsEaIbl ocks 110 and 112 because there is no @cwruses/ouL i n 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)

since the cavigtddly GRlinben6les 104 GHIA06GhH TS reaiaARA o2uTRant il | y

does not nove atrve to e thernocoupl e 44. The thernocoupl e bl ock

170 can be naggotertivetap Banhud Redutdresmaliniuptes flivookslagGitoathd 162 since the
outernost |ayer of brick 34 is generally narrower than the hot face |ayer
24 or the backhgrmhaegomploéaty TkaBbsutstentialy gedieneaithe/trapsmisgion oddwsi t y t han

the hot-face thernpcoupl.e bl ocks Q and _112. 20 Wien th tective ca
80 is instal | dgomhe reactignshamber &t@J‘?Hg]é%hes W}O?Wﬂ%’ ﬁgx_ﬂ%@g%?q reis P
subst anti aI5 cl Osél{eer ﬁfl e cavity opening 120 except for the holes 104 and
106 in the caB ARSI 61 ten slag (not shown) that moves downwardly al ong

the hot-face surface 26y4de} this Srahgerhdift R fiRGhoeBuSIE chiRy BBRhEGhE ve cap 80
passes over the slag 25 diverting section 90 for di'version away fromthe

under | yi ng r ecieimigcoupde i are Qdstantiallp ereteetet] fidmimigrdtioarofslaginta tie ont o
the receding section 92 it is likely to flow downwardly rather than
upwar dl y and tdavitythSpaElsussthe isbearance spzaitpsen dre themnosamleddithe upwar di y

0.t hus. r educd4eBROGIAPHK ST REMISTCAIHCrotS Qend SASRTHEGHRRE KEYhTy 58
and subst ay i asllzltg tl{a?gcgjr%?ssinttﬂee réd R ThFHeP 48 fduﬂﬁgtconversion 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 ﬁhe 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 fhat 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 therwooosuplie2 44 are substantially protected from m gratriusni/afPisl 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

reduces the raﬂfen%coxgﬁ@kaﬁﬁaeﬁéﬂiﬁgi Qe RO Rudile hOREePERIMEacavi ty 58

and substantially reduces or elininates the entry of slag into the
t her mocoupl e cewirityrbdBe at thd Shermocbapleamenbigetotamapleothe gheotactiveecampiooupl e
cavity with greater cl earance space for the thernocouple 44 than woul d be

provi ded in t hee tasgssedecpredetermimedweneipit én thetheymegousde ppeping. | ncr eased

cl earance in a thernocoypl cavi t ul d ensur af ety..of the thernocouple
44 under unexpect ed teﬁ%@ﬁ’&fﬁ?@cg‘f%ﬁé‘%ﬂﬁ?@@c@ oxlting nal t her mal
expansion of refr r ri ' ' | nc novel
cxpansTon of " 8LiAG ko, i RLLEionTay BB AR Riegglachpes fynovel
form ng a ther gpepflRts haYhdihod BRb iRXhEA e tBFAMISh bf'6nd 6f mdgd Ory i ning
and through the gasifier shell such that a thernocouple opening is forned
at a hot-face guofigicholet i2thet deecding sarfhey of thieprogctiideapret dvodpwandt her

i ncludes providing a protective cap at_the thernpcouple cavi tﬁ opening in
a covering posinclioatienfiooyafront perfadecefitbe ep fawarsha togr sipdaternf thad t her eby

prevent ST a0 hat b LS e . 85 Snd ST LR 8
thermocoup|® CaiLiveRGR' With ufpé HRIBAR: bBHIIS A bpESwh R %ot
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 owotohesier hod i ncl ude providing the 5 protective ®ap/usm3/nds sl 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

i ncludes provi ghiagha rf@id&lrdlce SRR ilrdthes thPoud1othe Gpki oS 3towht h upper
and | ower portions that slope dowwardlly from & front face of the cap to a
rear face of ttiermapouiereviaylvAnbdgeadointhPeisi thehyt paneatirigdbat from t he
foregoing description include a protective cap for a thernocouple and a

t her nocoupl e  Bwpinpyoupie gayigy inl'ihefElePM@C@Y@@%W@@%OIDPWB@MI@E sl ag
accunul ation ip the 15 therpocoupl e cavi.ty. by redycing or eventing the
Fow of sl ag i Frow erEnng M HSEBOMPIE By it SARRHIE G EHeCHE o hat the
protective gap 1 S5 i chanber
o the gai§ | cHeFREEEe Ly SRARIL AR 87 oRk oRfad RNt R0 O
Still another agyaategse cavith@lould HevPMeiR6lcbdPe 6P TRSs dscSdflcdef | ecting
surface and a receding surface and 20 thé slag deflecting surface deflects
sl ag away fronptdiectiveaagi pegmsis pravisionfof gréetecanourts foficidagincadeawtage i s
that the cap can include one or nore holes that comunicate with the

t her mocoupl e cHheithgrmecoapihind thechemeoqppplaugdvaty than mewild be feastblal gasifier
tenperatures rather than conpensated tenperatures which result fromthe

i nsul ati ng ef f 8¢{108F 2 BIREHIVaEAPat j vel y 25 smal|l holes in the cap mninize

t he possi bi(l)i ty of ther rfﬁlviﬁxg?)?lf &+ LA b%@g?ﬁ ﬁﬁé“ﬁ%ﬁ%ﬁg{aﬁ?"iﬁk §an occur

wi thout the cap. Still another advantage is that
protective capthedhQentitil Ard@@hievecdAndRURT AddhhitassdRTebdtPitae. ARy 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.
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WO 03/ 081192 PCT/ US03/ 00914 onto the receding surface frommgrating

t hrough the openings into the thernocouple cavity. Another advantage is

t hat by pwotososiisy t he thernocouple cavity with the prot @ctiuses/emptt o
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

gr eat er anmount YVigdt ictleanhedie between the thernocoupl e and the thernocouple
cavity than would be feasible wthout a protective cap. 10 In view of the
above it will be seen that the several objects of the invention are

achi eved and ot her advant agesissfigreddigriigd t ai ned. As various changes can
be made in the above constructions and nethods w thout departing fromthe
scope of the invention, ita)srdantosteld that all matter contained in the
above description or shown in the acconpanyi n% 15 drawi ngs shall be

interpreted as illustrati vR) arefracseryi lmmg ppsa 1egctos plell to definep 03/ 081192
PCT/ US03/ 00914 at is gclained.is: 1. asifier, conprising, . a) .a.reactor
chel | by a r ofsPinon e EmPrT iratht diien shell b e TR o pfucind s et T on
chanber in sai shell, said refractory lining including a hot- 5

5 %cégﬂt Q&

face surface, ernocoupl e cavity extendi ng through said reactor

shel | through said refract @)ra/ﬂiehﬁba_@l lagvityeptealingahfbudBisai deRcosr f ace to
define a thernocoupl e opening at said hot-face surface, and, d) a cap at
sai d t her nocouphed! thpewgngpid cefravteny lswing, and through said hot-face surface to
define a thermocouple opening at said hot-face surface, and,
d) a cap at said thermocouple opening to cover said
10  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.

2. The gasifier as claimed in claim 1 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

5 front face having a slag diverting section that is inclined away from said
rear face in a downward vertical direction when said cap is in said

covering position.

3. The gasifier as claimed in claim 2 wherein said front face
has a receding section that is below said slag diverting section when said
cap 1s in said covering position, said receding section being inclined
toward said rear face in an downward vertical direction wheh said cap is

5 in said covering position.
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10 thernocoupl e opening to prevent excess process heat and any sl ag that
forms in said reaction chanber on said hot-face surface fromentering said
t her rocowwbe3osmdt y t hrough sai d thernocoupl e openi ng. 2. PCRAISgE®1914 er as
claimed in claiml1l 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 thernocouple opening to
cover said thernocouple opening, said 5 front face having a slag diverting
section that is inclined, aygy ghdifit sPéldimdER clhing s wWikraindOMbIeas toreydt i cal
direction when said cap is in said covering position. 3. The gasifier as
clai ned in cl aimth2 redesting sectmincbfsaahtapt, azid hobaextandipgatioughsaot front t hat i s
bel ow sai d sla? di verting section when said cap is in said covering

posi tion, sai diacecadisatyl warfacesmpdieing inglinedupwersihe fiom said fradagece in an

downward vertical directiop when sai.d cap.is .5 in _.said covering position
-22 WO 03/ osn@%ﬁgﬁ@%@% i Cn45.al‘¥ﬁ?&’ d’éisf“idg?o"ﬁémglpé’? #in claim3
wherein a hole is formed in the receding section of said cap, said hole
extending through said fy ofhe ghafier %ﬂaﬁﬁ’é&iinrcﬁé’i'in§%r@iﬁ%aﬁ?té&gdingc! i ned
upwardly fromsaid front face™ toward said rear tace when sald cap is in
sai d covering pasiohii®of gfeatckhgepninisai slag dblestimeskctioncl ai m 3 wherein sai d
receding section is of greater area than said slag diverting section. 6.
The gasifier as clainmed in claim1l wherein said cap has a front face
corresponding to said ho -TREgasifiet aCSanndl & d18ih 1 vlkReinllid c&PRAg PNts the
t hernocoupl e cavity when the Cap is positioned at said thernocouple

openi ng to covébnéséicd cohespmabng tesaddoi-fige saafade ang alveari fage tha peri pher al

edge between said front face and said rear face, said peripheral
confronts the thermocouple cavity when the cap is positioned at said

thermocouple opening to cover said thermocouple opening, said cap having
5 aperipheral 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

covering position, the upper and lower portions of said peripheral edge

sloping downwardly from said front face toward said rear face.

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

a predetermined amount in said counterbore.

8. The gasifier as claimed in claim 1 wherein the cap is

generally disc-shaped.
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edge having an upper portion and a |l ower portion when said cap is in said
position, the upper and | ower portions of said peripheral edge

sl opi ng dwarsasdby fromsaid front face toward said rear Parasoyo9The

as claimed in claim1l wherein the thernocouple opening includes a

covering

gasifier

counterbore and the cap and the

counterbore are of conplenentary shape to

enable said cap to be recessed a predeterm ned anount in said counterbore.

8. The gasifier as clained in claim1l wherein the cap is

general ly

di sc-shaped. -23 WO 03/ GB1AXApR6T préBH AN fthefinobogAe irf @pafifief ection of a

thernocouple in a gasifier <conprising, a) a generally disc-shaped nenber
having i) a froompfising, f or exposure to heat of a gasifier reaction 5

chanber,

ii) a rear face faor confronting a thernpcouple cavity,

and iii) a

peripheral edge between safkp gensmelly dise-shapedsmembes havingace, b) said cap
having a sel ected orientation .ghg,_{rei? said 10 reﬂr fazc? forx}s a vertical
pl ane and said front face has 138 016 M 8FF¥1?1%WI% Oc]iler A AREEME 158 PP ned
away from saidgeat..face in a downward direction when said cap is in said
orientation. 10. The cap as clainmed in claim9 wherein said front

sel ected
face has
said cap

i nclined toward

a receding section tihatreirfabef@awondiodtifs aghekinvedouplide

is in said selected orientation, said receding section b
sai d rear f aiti¢ aipsriphembedgumbetween saiddironti faec andsaiditear sai d

cap is in said 5 selected orientation.

ace,

b) said cap having a selected orientation wherein said

10  rear face forms a vertical plane and said front face has a slag diverting

hdh when
ei ng

section that is inclined away from said rear face in a downward direction

when said cap is in said selected orientation.

10. The cap as claimed in claim 9 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

5 selected orientation.

11. The cap as claimed in claim 9 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.

12. The cap as claimed in claim 10 wherein said slag

diverting section is of lesser area than said receding section.
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11. The cap as clainmed in claim9 wherein a hole is forned in the receding
section of said cap, said hole extending through said front face and said
rear facewandokabng inclined upwardly fromsaid front faceCTiusesodisai d
rear face when said cap is in said selected orientation. 12. The cap as
clainmed in claim210 wherein said slag diverting section is of |esser area
than said receding section. -24 WD 03/081192 PCT/ US03/00914 13. The cap as
claimed in claim9 wherein when said cap is in said selected orientation

said peripheral edge hag3 amhd!pfeis laikhddin @5}@&19awlhmﬁlrwﬁéﬁtséiar¢a?ﬁéﬂe upper
and | ower portions of said peripheral edge sloping dowwardly from said

front face to Bwrdaild selactedl acientation saidpdriphdradfedge e et ivpgeapetienrandoupl e i n
a gasifier conprising, a) formng a thernocouple cavity that_ extends
through a reagi®vergmatipngthempperangd fovesr porfiersefrsaid pefiphgrebedgel i ni ng on

the reactor shell anpd thr a hot-face surface of .the refractory |ining
to define a tgﬁp ’%a%%gﬁpﬁbﬁﬁaﬁFﬁg%H@ﬁQFQ @ f&%ce, and, b)
providing a cap at said thernocouple opening in a covering position to
cover said thernocoupl e opening and thereby prevent any slag that is

formed in the gasifier pn Ahfethel of pedestitid aderidoebusRtifil figifistai d
t hernmocoupl e cavity through said thernocoupl e opening. 15. The net hod of

cl ai m 14 i ncl ucomprifingm ng a counterbore of conplenentary shape to the cap
at the thernocoupl e opening to enable the cap to bhe recessed a
predet erni ned anount in th® HaMEE higsmeceprlacayity ikt exiradsdqegher clai m

éL ﬁ eir Pn(;lc gﬂ Iprg Eéﬁ(%\é{cijylsag%h? ﬁwgga%}ﬁér: ﬁuo@gﬂ Erieriéria[ctcr)r(ay rini%g‘i rofnatﬁg réa%tc():ro nfront the
shell 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

said thermocouple cavity through said thermocouple opening.

15. The method of claim 14 including forming a counterbore
of complementary shape to the cap at the thermocouple opening to enable
the cap to be recessed a predetermined amount in the thermocouple

opening.

16. The method of claim 14 including 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 an upper portion of the front surface with a

slag diverting section that is inclined away from the rear surface in a
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positioned at the thernocouple opening to cover the thernocouple opening,
and providing the cap with a front surface corresponding to the hot-face
surface awo iBosrdPng an upper portion of the front surfacePairtusox009s4 ag

di verting section that is inclined away fromthe rear surface in a -25 WO
03/081192 PCT/ US03/ 00914 downward direction when the cap is positioned in
a selected orientation on the thernocouple opening. 17. The nethod of

claim 16 including providing a through-hole in the cap to extend through

the front and desnuvwewd Haeesommivhan thd¥y id positionkdak h@bletRERIbntdtfor ear
surface when the cap is in the selected orientation. 18. The nethod of

cl ai m 16 i ncl udnige thermoeepple opewidgng section on the front surface bel ow
the slag diverting section and providing the receding section with a slope
that is inclined fromthe front surface toward the rear surface in a

downward vertical direcl7.ofhahesthddef claimeap inslutithg frovitheate@ueghilené at i on.
19. The nmethod of claim 18 including formng the slag diverting section
with | ess areaint thgrraptie extsnddhreggbdbe fiont adreaTlserfactstaddnofpvcirdi m 14

i ncl udi ng arran%iigg.the ca uch thfat a front face of the cap .corriesponds
to the hot-facHCigpfiaRr iovard the Feassurtage when thy canvis 1B & selerted prisniatien.

t hernocoupl e cavity when the cap is in the covering position at the

t her mocoupl e opening, and providing a peripheral edge of the cap between
the front and rear facet8wlheimegth 1alnpéﬁtln@indm@d%amlmreq§dmg on when

the cap is in the coveri osition, an orm ng. the upper and | ower

portions of the Pi%@?g?or’gab%éﬁagﬂoﬁ’ t%% S{f’&/ﬁmﬂ%&‘&gﬁeﬁ%&?ﬁ?‘%m the front

face to ther eﬁfovfi@iﬁg the fe%@dl\ﬁg L3908 %132 ﬁgi% H%R% A28hdd from the front
surface toward the rear surface in a downward vertical direction when the

5 cap is in the selected orientation.

19. The method of claim 18 including forming the slag

diverting section with less area than the receding section.

20. The method of claim 14 including arranging the cap such
that a front face of the cap corresponds to the hot-face surface and a rear
10  face of the cap confronts the thermocouple cavity when the cap is in the
covering position at the thermocouple opening, and providing a
peripheral 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

15 downward slope from the front face to the rear face.
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21. A nethod of protecting the vessel or shell of a gasifier in the
vicinity of a thernocouple cavity, wherein the thernocouple cavity extends
t hrough awoaeawmsuap2 shel | of the gasifier, through a refractemyusos/mong on

t he reactor shell and through a hot-face surface of the refractory lining
to 5 define a thernocoupl e opening at the hot-face surface, said nethod
conprising providing a cap at said thernocouple opening in a covering
position to cover said thernocouple opening and to thereby mnimze
exposure of the vessel or shell of the gasifier to heat from 10 within the
gasifier that would otherw se pass through the thernocouple cavity to the
vessel or shell of the gasifier. -27

21. A method of protecting the vessel or shell of a gasifier in
the vicinity of a thermocouple cavity, wherein the thermocouple cavity
extends through a reactor shell of the gasifier, through a refractory lining on
the reactor shell and through a hot-face surface of the refractory lining to

5 define a thermocouple opening at the hot-face surface, said method
comprising
providing a cap at said thermocouple opening in a
covering position to cover said thermocouple opening and to thereby
minimize exposure of the vessel or shell of the gasifier to heat from
10  within the gasifier that would otherwise pass through the thermocouple

cavity to the vessel or shell of the gasifier.

27-



