A Tenperature Monitoring Apparatus, System and Met hod
for Monitoring the Tenperature of a Reactant System
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relates to a tenperature nonitoring system apparatus

and anehpdrébnreMotidrdrmigot Appheates atSystenf aadsMaphed for
react ant_undergoi ng.a reaction. Backgraqund. .t is_often

| por t antoTOERERIT i MERBEEABED 78 & Amysendy SySteR
reactant systemas it undergoes chem cal reaction. One
exanple is the tenperature_rise dur%ﬂg the setting and

har deni ng of concrete, WACERFELVEFS T nportant for

CONCI etr@eSHEHEEHE EBnRALAUTE gehedBl By MdEStdN&0 a temperature
structures ultimte strength. The properties of

cBREAEPEI AR SYEHENt | FPBAS HEE ePPal Pohedsof e ymonitoring the
IeLapEEed- 0ot e LAFASLLRORaAE bidelqiadiaenbacandn.
ar

the conditions during the setting and eni ng

process. Should the concrete or cenent be damaged

during its setting and harglefifigudde set product may

be weak and subject to cracking, necessitating the

concr eflé Ravphger oltrortepitadedmonhepebyh & | tpriddnedmriey changes

| Gr %asferé%t%?ﬁs*ts&%%ho%sc%t S -de'rg;fogw%ieg\ﬁ!cé oYt .Lhe.n . one
properties of early age concrete and its devel opnent

I exbinpiei sit herlef otemperytungortisst . dBuihberiho e, sattting and
| %agashiabl sothal LDE.! niorgption gbout Lhe ALl %898 ncrete
of *tRe"¢toRcret €°be obt ai hed“ongi '€ to eﬁSBFe real
tismeubemedjsalbeaﬁds@n ta bectakemeat the considticidsonsltimate

site if necessary. One pragperty _that is inportant to . .. .
TSHEEBI hor ealty APRSGHOrSt eofs THEC TR DbaG comentitious
t @APer-akls e afreS esdfe fyhedeoativicl asyi thenden@eeStion of its

hydration. The adi abatic tenperature rise of concrete
hd@9588A=RLE op?RY of TRt eF RISt hEUEIREr olthGF Setting  and

t heraehingl ptede§6aCKkhAG1d the concrete or cement be damaged
during its setting and hardening, the set product may be weak
and subject to cracking, necessitating the concrete having to
be replaced, thereby significantly increasing construction
costs.

Information about the properties of early age concrete
and its development in time is therefore very important.
Furthermore, it is desirable that the information about the
early age of the concrete be obtained on-site to enable real
time remedial action to be taken at the constructions site if
necessary.

One property that is important to monitor for early age
concrete is the adiabatic temperature rise of the concrete as
it undergoes hydration.

The adiabatic temperature rise of concrete has been a
topic of interest for the control of thermal-related cracking
of concrete to many civil engineers and chemists. This is

because an excessive increase in the differential temperature
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of concrete to many civil engineers and chem sts. This
i s because an excessive increase in the differentia
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devel opment of undesired thermal stresses during the

hydradd opppr 0&&§§neﬂeeaéb98 LT 8gkg and Eﬁét i elopment of
doubts on the integrity of the concrete.

cordreticictl dbeirmed averefie Horinoni tori ﬁg/dtrﬁ@lon process,
0t CLet h
o i Cher 115, BT CAeLanoaRber Blachd Wrtfiny °f the

0@mm¢xﬁﬂqxiMﬂstr@nmmﬁtcmalameau@n50ﬁn¢uﬂpbaere@nqomonitoring

charbely %%%’ ‘ir s %eeg?me"hdl%peg' ng, otz guarded by; fhereo,

re-cireul at| control t énmpera ures "The
mmmﬂnylcexxhuhtlons ofa a mesatoar ahamhsualpyaeédecma&mn a

b "hot ua i nsul at ed er)

%‘P@t %OE Ogﬂl}t?élg éfarrearﬂ D hE sahpl 2 oFé??%or Jchanber
salfidl be aﬁﬂd:vlw]t wiahd ieobeiny hst-pRrdmigtethywat heaBirculating
a rlate r. ol orithm One known apparat us

gﬁ %&Bﬁéeguﬁﬁaﬁ§r?Eﬁﬁﬁ?ons with external heat
addltl@lﬁ‘etchcﬁldﬂﬁta_tce aBnexph essonopf 4 hedmeaekankse usually
Anot her known apparatus utilized a medium jacket where

t HEL SRS Sci9dql abel~ 92 e f%ﬁrﬁul@é§§epe%ﬁrbf using

t8§l§XE§ﬁ@§é 9M§HttﬁeagﬂkéMgn@dbﬁb%%bC dibtkﬁnSMth§urface
oven environnment is controlled by external firin

{3 ol Rt 19UEH heapsreluhieh Periamtehomtitdl | af { ARPropriate
r@&ﬁﬁl‘%ﬂ ati1Ng Qi fiy TE b 4N }In!o%’{' ng pYeside Hawitear h%zardous

vessel Thls approach enables the reactor vessel
gum@@w wre gt tignismall the gt tlegag Lhbre e rddhbipeeto t @mulate an

h@%ﬁd 53d5%w%§ Ixegggggggled oven envi ronment nakes

it ‘cunber sone and expensive to operate on-site.
Anot heAncpt}woslezdoml appare tuw orpokiztesd anmmaddin | pratet where

HEQ é %g ?%%uigtég %hetﬁgac ctol vesse& and or the

tenpera ure SC ene WwWasS essen at of a ne
Jakaﬂnaymummaar appaaeﬁlﬁw@used;abua¢uunmqn&muiqﬂsacemhe oven
qgg&lggéﬂé%% € hOt g %rolled. by external firing of the
electrical heaters which in turn controlled the re-
circulating air medium, flowing over the reactor vessel. This
approach enables the reactor vessel to be guarded with
minimal heat loss however the need to have an externally
controlled oven environment makes it cumbersome and expensive
to operate on-site.

Another proposed solution incorporated an additional
measurement of pressure to the reactor. The temperature
scheme was essentially that of a medium jacket. Another
apparatus used a vacuum guard placed over a single hot-guard
vessel to minimizes convective heat losses. The incorporation
of a vacuum chamber made the design fairly clumsy.

There is a need to provide a temperature monitoring

apparatus, system and method for monitoring the temperature
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i ncorporation of a vacuum chanber nade the design
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tenperature nonitoring apparatus, system and net hod
fof amrdddrantg stydeeimenhet adue eodmes I eactantl eaypst emeliorates,

that overcones, or at |east, aneliprates, one or nore
o8 HF ISR anEAGe e  SRGEFT AP IStRAE - LBRAnAPS Ve
According to a first aspect there is provided a

tenperature nonitoring systemfor nonitoring the
tenperature of a sanple reatt@@*Xinder goi ng a

reaCt!&Eboéﬁﬂdqsi%6Peéatp{fgﬁnng§§@atng SYBE¢LM is provided a
conprising: a housing having at | east one inner wall
dePTRA TR e @rilidoadneh&yséFm dor| egsd teréng| Fop temperature

L EFPLT 8415 fo SROSONaRARAR & i n3eRSI G Khent eBReRA L EhBerature
of said i'nner wall of said housing; a sarrpl'e cont ai ner

provt teding tshyisiyeBlaicdmeRaabRey: f or cont ai ning said
sanplearﬁgggggg %E%ﬁﬁ Nagaly £§§t085eiﬁ Egnqmll defining an
t enperat ure sensor ca able of sensi ng the tenperature
ofnalosed erwalbesur f ace of said sanple container; a

heat pg{'pleca abolnee q."flrtsq:a@gn nrenr: \Qrehesaénéoqi Ocrapfa%g@ %@' gensing
chanber; ‘and a controll'er capable of noni'toring the
t €l et e tofr es aif d ss ddpl ene e acd dnto farsd idapabkénof

operating sai.d heat, pu based.qgn .t he .out put _from,said
First AndUBend vRrpHIc: uPEOTeHEGr & 3 SUbSEARL IdPTer  for
nad it i il dheyaral sefpilki behctadherehetiseen . One

enbodi nent_ may conpri se at Iegst one third tenperatur

sensor2tapsteF ofP"SenSERG the " EBRDET BHT e S8 dcapa}gle of

SeEms End e allmpagaichrdnder geesx e Feac tduiTadet RifN saatidsample
sanpl e container. In use, the controller may use the
ot PRI ¥ isai d third tenperature sensor to nonitor the

t enper at ke Afun§Rihpable of transferring heat to or from said
chamber; and

a controller capable of monitoring the temperature of
said sample reactant and capable of operating said heat pump
based on the output from said first and second temperature
sensors to substantially maintain thermal equilibrium
therebetween.

One embodiment may comprise at least one third
temperature sensor capable of sensing the temperature of said
sample reactant as it undergoes a reaction within said sample
container. 1In use, the controller may use the output of said
third temperature sensor to monitor the temperature of said
sample reactant.

Advantageously, in use, the temperature monitoring
apparatus may monitor the adiabatic temperature rise of a
sample reactant undergoing a reaction, such as endothermic

reactions or an exothermic pozzolanic reaction of concrete or
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sanpl e reactant. Advantageously, in use, the
tenperature nonitoring apparatus may nonitor the

W@ 20ab3t12 tenperature rise of a sanpl e react aPET/SG2005/000322

under goi ng a reaction, such as endotherm c reactions
otergam EXoicher meaqrerntzel amithpeacthenusk odner dtemt sink such

ogscean%pat |etr| ous k{_jgact ants, without the use of a heat

sink sucfh as “a wat er jacket. In one enbodi nment, the

heat plLmypories embvedimentf othdeadathgpowwa d schahikerter for heating
Accordi,ng.to a second aspect there is provided a

t € rcéia\%lbgrr‘mni toring apparatus for nonitoring the

t enperates@iiolg atsanpl eseeasd andspier goicte ais provided a
reaction, said tenperature nonitaring apparatus, i

OB NGS a H‘SBgEﬂﬁl%%vi MPRATARESt dRE | nAeriharing  the
dedrdd 3R JFCl0sRehpaRarRekiadt Leaskgeegfar sbaction, said
t enperature sensor provided on said inner wall of said
RIS E i & FRPF-ECE HRT AARRAT BV iCPERTWSERER sai d

chanbes f8hsEQNt BLDEAG S@ dhsAW| §nd eaghapt Eher RidEining an
at | east one second tenperature sensor provided on an
eSerarfd shefkes: of sai d sanpl e contai ner; a heat punp

capabl g of {gansfer £ ng. he roamsal 4, chanher ; id
and a cont?o%?er ééapa e o%ﬁ%%%%rr% n% t%gll ?%n’pe?a%turoen sat
ofnrai dvaddnplfe seédchansimgd capabl e of operating said

heat %J?%ﬁ%lgﬁgd g&lgﬂ%e%m B?&vi&%ﬁn %&itﬁiliy rg'glic?n%hamber for

secon rature sensors to substantially malntarn
t drartrlnieqguiskiibr sampl derebetaether@e;enbodi ment of
sai d secoEgaggpect na (éﬁ rise L | east _one third

a
S8 capsblle ‘GITSERSIAG CRESPemberdtdrd on an

terrper%ﬁ ure-sensor capa
oéxisadrchls anplfaceeact antd asamgdl cundergoesra reacti on

W thi N S'1”‘Ijleiaqc Sp%.r;rn%l %agggﬁ_gi g rﬁrér?s#esrer’ir}gh%eat to or from said
chamber; and

| a controller capable of monitoring the temperature of
said sample reactant and capable of operating said heat pump
based on the output from said first and second temperature
sensors to substantially maintain thermal equilibrium
therebetween.

One embodiment of said second aspect may comprise at
least one third temperature sensor capable of sensing the
temperature of said sample reactant as it wundergoes a
reaction within said sample container. In wuse, the
controller may use the output of said third temperature
sensor to monitor the temperature of said sample reactant.

One embodiment relates to an adiabatic calorimeter
comprising:

a housing having at least one inner wall defining an
enclosed substantially thermally insulated chamber;

at least one first temperature sensor provided on said

inner wall of said housing;
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controller may use the output of said third
tenperature sensor to nonitor the tenperature of said

W@ 200pl0ds1e®eact ant. One enbodi ment rel ates to anPCT/SG2005/000322

adi abatic calorineter conprising: a housing havi ng at

| east pne .| Pﬂgr gl %%f'2%£§¥£§% ggg sal ch?mber for

substantialty ther mal |
ormntfaimgingt enrpeuaeur@ sam;zﬂcﬂ r@a@\tlad@dtbﬁrsamd i nner

val | Of Sf gﬁ%'ng?@oﬁgngeﬁP89Q£@r$eEe858¥'gggv1?ed on an

within sal or ‘conta

resatctranatl tshefece oAt sd Bhstangrie seo@adnéenper at ure

sensor {rfv' déed on %gl.eét rnal _surface of sai sanp d thin
cont aiter7 %t | 885t &%t MFE S8 5?atsﬁfl5°§er¥’sr° ed” wi
o decpwiet Bbontaaner sanpl e container; a heater

capabl e of heati nghgal d_chanber; and a o troller

capabl® 652 t65e FAPPRGC s3f I FRENE KaSe FRRPERe Bt put

from sai godtFstl eantgre0Rd derpeialtung $eNs0NEaaRked based on
capable of nonitoring the output of said third
et P dtte LEeRs SR whEF T At SFEERds 4PHPEBATFBF | ¥gnsors and

QREIANIRS Sal Hoheddeingd Orseibshapht abky gaaldntahn_»ct hesigd rature
equi li brium between said i nner wal sai d chanber

afrisdird external surface of said san‘pl e cont ai ner
whi | e %Hgyéfﬂlegtkﬁp Leper QBHESlQErSQﬁQr§@§?|§%1d %fater to

react ant under golng a reaction. Accordi ng to ath
a@ﬁmartth@rléyl mapnrbyinlethernret eomifldoriomi b@tm@ntm@d inner

tLoIPerAt urg (of h%g]tégﬂpéﬁdrseaaﬂ ANl Mpder %&E‘Qc? of said sample

reaction, Sai d od conprising the steps
mcmﬂiaﬁm avlsahpl mondhetamy ithea mwt@mﬂ adhepaid sample
croeng atantecd Wit hi n,an encl osed chanber; nonitoring the

de
t'enpera uruél leg % san‘p?ce react ant as it undergoes a

r eact i Asvomidmiot ard rg tiierd enqreycat wheerh ffser@mvialed a method
h?tme mogﬁtorlng the temperature of a sample reactant
undergoing a reaction, said method comprising the steps of:

providing a sample reactant 1in a sample container
contained within an enclosed chamber;

monitoring the temperature of said sample reactant as it
undergoes a reaction;

monitoring the teﬁperature differential between an
external surface of said sample container and an inner wall
of said enclosed chamber; and

maintaining substantially thermal equilibrium between
said external surface of said sample container and said inner
wall of said enclosed chamber.

In one embodiment, there is provided a temperature
monitoring apparatus for monitoring the temperature of a
cementations or concrete material undergoing a reaction, the
monitoring apparatus comprising:

a housing having at least one inner wall defining an

enclosed substantially thermally insulated chamber;

5
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external surface of said sanple container and said

i nner W&'Hﬁﬁ%tsﬁd@ figlsesednphaabate EBnoBE provided on said
enbodi nent, there is prqvided a tenperature nonitoring
appReat velt ot i G954 "Che tenperature of a

cement 3t i 9A%o 8 CONREEEHEr MRRviidledUNFLF IO NGadd chamber for
reaction, the nonitoring apparatus conprising: a

h@@@iﬁﬁgnha% ngnatuﬁeeas%a%ecﬁlﬁ%’?awr}s de¥i fPRGrahe material
englosed.substantially thermally insulated chanber; at

| east one first tenperature sensor provided on sai d

| nner W&l [legfstsaing hersinty; t%m&%ﬂ‘?gﬂvéf%o?ﬂraﬁ%rprwlded on an

P& 'egﬁglv\@ﬁpfé]cesadid s%q@nggﬁl fLQrc 19@51

J[arl‘é’gh in use
sal cenmentations or concr et mat eri a er e| n; ) )
I east efte swegndonenpeiad uremsensorrpr oended Qmoamded within

[N f f.sai d sanpl e container; at |east
th§r85¥£ &gr?%%urép sensor provided wt h| n said

sarrpl eac@eaaenecapaoheaifeme(aapalgl eabfl hleatlbamg, saidd

chanber an ontroll ab e 0 erati id

heat er & é%rg%ifeﬁecé}ﬁ?gg? ProfPsaf l? rg?lgngegg%naased on
t&m@ebatpﬁe semomioarfctmpahbeseéomntémemdﬂ@e sensors and
out put _.of said third tenperature sen in
u§€?’a§éﬁd Lot er-"dp e%uq%%?td % atsénldt grh rg temperature
sulskartial |y maintain thermal equilibrium between

said inner wall of said chanber and sai d external

sur f ac&#DGFedai dNsHAP eSRbht GPHEFOWRYT LRAFAUSST iSRSt Rgater to

t eperahvl 810% Btk LOMMeathh@NS g0l 1 COPLER I RIS isdlid inner
as it undergoes a reaction. According to a fourth

agpéét ofhepedi Shymers dad §336r exbrENapparatace fr said sample
MR HRY thﬂrﬁﬁ%ab%kh&t&ﬁﬂﬁgfaHﬁkﬁ temperature of said

cementations or concrete material as it undergoes a reaction.

According to a fourth aspect there 1is provided a
portable apparatus for monitoring the adiabatic temperature
rise of a concrete or cementitious material undergoing a
reaction, the apparatus comprising:

a thermally insulated housing having a chamber defined
between at least one inner side wall, a bottom and a top;

at least one first temperature sensor capable of sensing
the temperature of at least one of said at least one inner
side wall, said bottom and said top;

a sample container disposed within said chamber for
containing said concrete or cementitious material undergoing
said reaction therein;

at least one second temperature sensor capable of
sensing the temperature of an external surface of said sample

container;
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rise of a concrete or cenmentitious material undergoing
a reaction, the apparatus conprising: a thermally

wo p®aloddied housi ng havi ng a chanber defi ned beP@ESG2085/000322

| east one inner side wall, a bottomand a top; at

| east soneldddist oh@nMpRLiatl ukempensadtreapahker obrsendedgwithin
the tenperature of at Ieasg one of said at Ieast one

IS AR SnelAntad B 56PEBRFand SERFPEp;ths Samprgature of
GRAlAI tRIncHesROSed WckhiAtset sushambesrfor coeaigRing said
said concrete or cementitious material undergoing said
e2CGHI6R t herein; at | east one second tenperature
sensorycapahke Obnsensing hedianpenghtie ofr @meating said
external surface of said sanple container;at |east one
tafiangerénpefat ure sensor provi ded within sai d sanpl e
cont a'a“%on%@‘@ﬁ?%? 8£p§ﬁ[l§'cﬂ_g %ﬂ%%a%gqgeggl&rﬁeﬂeﬁ@ﬂl based
concrete or cenentitious nate under goi ng sa
roewad:theomutamtl dasm onédhéaret fofll seapad| erferpdatiengensors
ab ¢ OPgEat| .
égﬁd he ter (o] b:% df%n fkg d@?gutg r%%wsa?f di third
drahpegedndet eepeont ure sensors and capable of

moni torl q:% tnhelr?uEQUt osfalS Igortli'pl rd_l1 eern?gtu se said ,heater
sensor’ feith i n-use,”%ai Yo pera es"said

fﬂﬁﬂertcﬁ Olslubbﬁaﬁtlbeslhy]t makhyami Ithah:mall h@rqmﬁlllbrlum between
af%H_CJslbrlumb %n sai.d hnner wal | of h%ﬁbef £ £
é”@eéxﬁé sGPFEcENBFPER| A afipt AidrePurtace ©
Wilile safbior chchhﬁei: enpenat uﬁcﬁuej‘oﬁaﬂgd @wcntempe@ature of
cenentitious material undergoing said .
A | SIPOSEETRI t P%8ns CPRENFOFFBWF ng™ bt He ind dsypeing  said

used-ierei n shall have the neaning indicated: The term
Areaction' is to be interpreted broadly to
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i nclude a process involving a change in the
arrangenent of atons or nol ecul es of one, two or nore

WO 2wen¥nes to yield one or nore product (s) wWhPCHSG085/000322

different fromthe reactant(s). The change in the
arrangenment of the atons Defimleociises of said

reactant (s i nclude a di.ssoci ati on, .recqnbi pati on,

or r egf{h%rf)goe]ﬁ%m@f WPﬁgsalaBﬁBt%?mT HES L RS &TTs Sp‘?% have the
resdiron iy darekdyde hydration reacti ons and

pozzol ani c reactjons, silifjcation reactions involvin

hydr ol 33§ s tPERct 1 TRE 408 ond? n&Ci o r dREFFBRE AR broadly to

GROPOIgUTeS | Broeass | QAFoLTiARYaOldhBhgRBNYS GHe Qrrangement of
chem cal reaction. The term "heat punp” is to be

| LDt P L5HA@Py Of 0°Tfic| titfe @YUy itee snfBakg yield one
capafbLe Ofrddansfer LiMenheat 9 rRerEhemetBe Eﬂénpg%ctant(s).

I n one enbodi nent, the heat punp may only be capable
ofhéhe@l?pEr t he &hanpBarangement yofodhiengtions crameiecules of
AUaid Pé&g%a@@uﬂa '?iHEl&&@thn%iQEQCQQQRbHQ %ngmbination,
chanber. Tn one ‘enbodi nent, the héat punp nay be a

tdre rivprdt regigeinenteaff ek h e ort dreatd g tehercelvdiabés . | henesaction
%ﬂBPdL t t. pu . be an_air_condi ti.oner .

for cégﬁmﬁ‘&et @Agﬁc‘gﬁﬁboglr @fﬁ?%lsoslsspgagf ied ot er slé?aCtlons’
tsel t Firars Pooonprescuginand fhooAplhge"  hyatub lgrsdmmat reattions,
vraéré amrl]atisnatt,h%r eoLéac rleorisnt en ed to repr eslentr" o(g_e.nc;' or . n
TS Pangtage ¥t h P RatI SRR I E T et FECT 18 y
e Ementchvislicadl se premital nedaesdiom.of additional ,

ecit.ed elenments. As used herein, the term "about",
iuﬂrthe% n?%ﬂl ggjeéBncPéJﬁ’P?atJisonEOoPeco’rﬂjft?ﬁé’ﬁF§e8f Qpgdly to

fioidmioad i 008, déyicC adt ymdmaNScapab 0 &f thenstai@Ghg heat to
val ue, nore typically +/- 4% of the stated value, nore
t3pi g%‘?ril y R Cg%ﬂa?rt he 18t £06d SFHGE™eRSr e Hoppiicat) pump may

Wl 2WBOf cdhn s at edhval 4g; @venchied YRICabd W 01y the
of the stated value, and even nore typically +/- 0.5%

JthAHRE St dted! Valtbeh ThPeugRBaPlencs dissdtiagurm@d cooling the
caldmidt embedi i s i P%ent, the heat pump may be a

thermoelectric heater for heating the chamber. In one
embodiment, the heat pump may be an air conditioner for
cooling the chamber.

Unless specified otherwise, the terms "comprising” and
"comprise", and grammatical variants thereof, are intended to
represent "open" or "inclusive" language such that they
include recited elements but also permit inclusion of
additional, unrecited elements.

As used herein, the term "about", in the context of
concentrations of components of the formulations, typically
means +/- 5% of the stated value, more typically +/- 4% of
the stated value, more typically +/- 3% of the stated wvalue,
more typically, +/- 2% of the stated value, even more
typically +/- 1% of the stated value, and even more typically
+/- 0.5% of the stated value.
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di sclosed in a range format. It should be understood
that the description in range format is nerely for

w@osesilence and brevity and shoul d not be conBCT/Sez05800322

an inflexible limtation on the scope of the disclosed
rangesmnﬁagﬁp@tn@nﬁstdﬁsaﬂuamﬁeptk@mtaﬁnaameyamshmslmay be

n ered to have S eC|f| aII | ose t he
g AT S s BB tadd Cthat the
\Cailsldﬁ:ip\m:l.bhl ni.rit haang@ngermEer l@(aﬁ@i‘@ly deser iqurnvemiehce and
range such as frggwl to 6. should be considered to
%ﬁf@lgﬁécﬁplcaﬁ scP85edPSubSPEAGERSS uchS as?Fr o flexible
1103 tatfib@mod tRedscopd O kHO i scllidset 2ahged.  AéEOMingly,
2to6, from3 to 6 etc., as well_ as_individua

e 8 SGFHRE T hat r%ng}fé‘ngﬁors%%%l ge jcongiderpd jo have

: fpfemfa@ql@y aibksosapld es ﬂr@@{&ls%aeofsubhﬁag?@@dag1 well as
the range. Detail ed Disclosure of Enbodinmen

BXehpliangl Aomeriprli Vg lesBodilBArs WRta 1adgser QR eexample,

'@Ectﬁptﬁgnap@@r af Usahge MR Orddg £b-BR tfn'pc% atgur §h9uld be
a sanple reactant undefgoing a reaction, will now be

d4<§t§1@1§é§d tﬁehﬁ@ﬁp@p&p@fecvfbmt@W%O%\%awmusanges such as
1S€% 3 h@H?ﬂn”Q D8V NG A, | i e 50”‘%1:6{&”?%99’311' from 2 to

ef1 ning an’encl osed chanber. east “one rst
tﬁarrp@rcau uBetsertsoetds, pa@vwdé@l Ik tirgimvmiexalvvammhﬁrs within

C& rk"‘%f"engf gea;%gkggfat 3l 5o, coprd ses, A SAPLE. Lppises

ftainer brov id {7 n "t hé’chidnber Tor®on alnlng
:mﬁgir§aepbeofeanéamteadEHWﬂﬁwta@drahgbeast one second
tenperature sensor provided on an external surface of
said sanple container. At |least one third tenperature
sensor is al soguaidiededivclbsurs hef sampddingaidsai ner .

The apparatus al so conprjses a heat capabl e of

t r ansf 8T G *Heat "¢ {gk?ﬁ%ﬂﬂ sﬁpﬁoéﬁgﬁgg? g temperature

eHirelialy capshlef eper aldiidSaing hepterthgsedtofte of a

the qutput fromsaid first and second tenperature
r&ﬁStéﬁﬁaBP%e%ﬂ°¥ﬁﬁu%(ﬁ%%ﬁ}lpﬁe H&EE powfbgafigsclosed.

tiHd d tbRPRes 8Lt € nSANSYrinfdVapbagLous| Yoonlpr14se, saikbusing
having at least one inner wall defining an enclosed chamber.
At least one first temperature sensor is provided on the
inner wall of said housing. The apparatus also comprises a
sample contailner provided within the chamber for containing
sald sample reactant therein and at least one second
temperature sensor provided on an external surface of said
sample container. At least one third temperature sensor is
also provided within the sample container. The apparatus
also comprises a heat pump capable of transferring heat to or
from said chamber and a controller capable of operating said
heater based on the output from said first and second
temperature sensors and capable of monitoring the output of
said third temperature sensor. Advantageously, in use, said
controller operates said heat pump to substantially maintain

thermal equilibrium between said inner wall of said chamber
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10

15

20

25

30

35

sanpl e container while nonitoring the tenperature of

sahfl SRRl eexeeciant supdeEgoidHy §a£@a(§airr@lle | for€iner while
enbodj nent, the heat punp is_a heater. In one

HBBHFAERY e t@&melré‘ltiué? 6t 3P hE AR IR AARIEeRkt Hpgergoing

daf fesepidal between said first and second tenperature
sensors and adjusts the differential by turning the
heat er 1Bn %8 PG Menbst &RS d193E nRPMR ailh Ehdigpdier. In one

egibbaprdAm betyeen saidoinger wWaldeQfigal d ghambeen, erature
and said external surface of said sanple container.

ofief Eemerli et | Petinedreatserid s Rimsited agnl wiserorHe temperature
t 0 a e r
ggﬁggﬁ%n Sa%%f&%&s Eh% Hngéféﬂtfégnéy (#€§§€§h§%g hégter on

| ess t t enper at ure out put
t enpef &t bresvbatantidhl e igrirddi rtrlfmrmatlh@qtme'étiérius between

tggggd ?ﬂér“@ﬁihtgﬁ éaﬂpel} %‘%% &%fe§% gn?iréurface of

ure sensor er than sa
oaapdltsarﬁplsalcd)rﬁ:@umd tenperature sensor.

Ad t | t put t f t hi
te\é'zgr gﬁ?gls f C%I & pu tl?%nﬁ% Fg:%ﬁ?etlt?gi‘r%%r glflur@en the

ot eper sand eoﬂi‘@ﬁﬁt addt asldtfﬂmier gempefa e €@hsor is less
reactlon n one enbodi nent, the controller conpri ses

atBidc | {EBREEFEEET e ¥R Y0l Pér . Sthdanth temperature

egbpdsreNnt, the controller conprises: a tenper ature
control |l er connected to said first and secon
t enper AR uPrESs FTRALTERG  sdilP nesd et éﬁdtérﬁﬁﬁl ki mgpen  the

coshpotdeirLOMAGRd b sahdat hifdst enper At At ®re sensor is
controller for nonitoring the tenperature of said

s%ﬁﬁ?*éei'?eaﬁlaﬁt &1ty hIPegeEsTs r @atPudn. ofthe said second
CoBhhOLA ShrdTede @ connected to a graphical user

Advantageously, the output temperature of said third
temperature sensor is used to monitor the temperature of the
sample reactant as it undergoes a chemical reaction.

In one embodiment, the controller comprises a two-
channel temperature controller. In another embodiment, the
controller comprises:

a temperature controller connected to said first and
second temperature sensors and said heater; and

a monitoring controller connected to said third
temperature controller for monitoring the temperature of said
sample reactant as it undergoes a reaction.

The controller may be connected to a graphical user
interface for output of said third temperature sensor.

In one embodiment, said inner wall is spherical to
define said enclosed chamber. The inner wall may comprise a
removable cover for allowing access to said enclosure. In

another embodiment, the inner wall is cylindrical and extends
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interface for output of said third tenperature sensor.
I n one enbodi nent, said inner wall is spherical to

wa@ledoc/ss18ai d encl osed chanber. The inner wal |l PEE/SG2005/000322

conprise a renovabl e cover for allow ng access to said

%vfé@ﬁr% éébawgﬁ.beén@ngo%% v\tréhﬂ @@1!) w!';1§l may be

cylindrical and extendsbetween a top wall and a bottom
v%ﬂmovarm@ t@@nmwl@myymm#@ﬁﬁﬂabmnw orashi dIn yet another

I
%e % sgﬁégepgﬁéar stagfﬁﬁgﬁhgéuﬁﬁg9df S %?ﬁﬁr walls

sal I'S between four 1 nner wa
eb&tmcdamemmeataeeopaam amgbtat dattdhe housi ng may be

cover Wi ripary i | ati,on .layer. The Sj .
cover St AN SRETATE! K DSBS PR atson
SbnﬂnﬂaryhenBuM@im@npkBm&ry IhEupmtimmylapsnlmbyome covered

| ayer ri se,cor ter the secondar ,
T o1 BRCPIIREY i E TS e L Sur et y it PR oA pulation
neyy e dhaS_pOS@ﬁinpbﬁlTswel’bdﬂ‘l«e pﬁaummamsub}aﬂjean treyersecondary
and th hou The heat er be a heater foil

résd’c}sag& &?v¥ A PR% PSP |H‘?§l¥lsﬁt\’ir8ﬂerayer and the
housi nghe Thzeem@_t erndRy BeNPHiseoeBa Obd¥eenf Oidne primary
heaters that are nbunted to the at | east one inner

wetulgrtioRe LR¥ES] ARd Fhe JHPESodi MBft NeRREThBAY ghe mayreater

CRYPI | §Lspdsdd rséchdd heat grihhal @ﬁ"sﬁm%léﬁomﬁ%ﬁn@nd the
substantially covers the surface of, said | east one

irmiEingal | t hat defines the encl osed chanber and a
Seco”drﬁ%'eﬂm%%g@% Chad hé&aﬁypﬁ a&% ally m%&l\ée%ﬁt LAsls that

one of t over and the bottom base of
hous imeyintad keashe o bsfaauwevq@r iLemauey aﬁéllsééoh@%rfyousmg

i nsul ag} Od“né EUS %119@}{? @1?5%@4% ol Y %%ﬁngﬁtlggat flow

through said inner wa ous|
m ni mai ngitdsér mafonbi séeartadrer r ohatt haixtrmgdsarl seodped and

GRS e 00 0us LOD-paL 1B, THESATBM LS e s
IwpEdanee siechnas the keel rddy sihymeee; and

a second foill heater that substantially covers at least
one of the top cover and the bottom base of the housing.

At least one of the primary and secondary insulation
layers advantageously eliminates heat flow through said inner
wall of the housing, thus minimizing thermal noise and errors
that may arise due to undesired heat conduction paths. The
insulation material may be any material that has a high
thermal impedance such as cork or polystyrene.

The housing may be made from a relatively strong metal
material such as aluminum, copper, brass or steel.

The temperature monitoring apparatus may comprise a
plurality of first temperature sensors provided on the inner
wall of the housing. The plurality of temperature sensors
may be mounted to the inner wall.

The temperature monitoring apparatus may comprise a

plurality of second temperature sensors provided on the
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The housing may be made froma relatively strong net al
mat eri al such as al um num copper, brass or steel. The

W@ 209p@sEtur e nonitori ng apparatus may conpri seP@r/SG2005/000322

plurality of first tenperature sensors provided on the

i anel-wal | 8frddhe JOUHN G e RIdH@linkY . Of The plurality of
tenperature sensors nmay be nounted to the inner wall.

TRCQushpéPBPBF 8L Wi S6PPAYS apPed aPUsTargPEYnmaugEed on the
%M&ldatly s%frfé‘égoaﬁ {}?Qp%nﬂhlér e-5¢0sALs, provi ded on

external surface e sanpl e container. The
pI ur al The ’dﬁlzsbcm@ar@tmmeataﬂn@ogem Saamoyntedemdlihin the

d t of he_s I
T OOnl G SN S ACK, Ol W8S UIBERL contact with
vﬁ:ltdnlmaitdwaaéarqmoergomhgl nbe aadcpx@rﬁer abhy, tlnsrcﬂ ntemperature
di rect cont ct with t erl al _unde

react ol AYTHE tnhoﬁn&efjerj‘fﬁler aguggnté%ns()# gghgg%am%oe Egainer-

i Thé hepeetdtars afiayt heorganpee < onlwataieirty Tchﬁe ‘eppad atersperature
ma¥ corgrise a plurality of third tenperature sensors
S npl e contai ner may be supported within the

encl osgee chadigflle OrtcatPanerof megnt pknesuspPPesd S.williein  the
cont ai ner supports are preferably made of an
| PREAAGDON PRFBEEal ORuch 42 %d0r BT t GOPKRILBEE ¢ RgPRRfts. The

conuctance shgbwees sald eeatrai-aBIyanthddi @ rcophai Nefulation
supports . In one enbodiment, at |east one of the

CEHEG TGl lesuch st cpekpetat thkikidndderngdc sapductance between
t%%fc?éﬂatfa%n%%néﬂa sk i r &b femhrhatubg.senasor and

heater 1s powered by the mains power supply. In
anot hefn erisodimpentimeat , | ehsteasie wfe e téencpbiretler, first

tihl e ibedt ANREN at ULES SENSOlye 360N, LEIDAN Al € %E §8£ third

tenperature sensor and heater i's powered
pmmxaetﬁﬁlm/vaempplayldsmt@g ausba;tquaxysdpmrtk@pm@s power

ls%]u e”bogfa otth%S% g% Hgm&‘?fp”%_es f‘éaéteas&beo”eof the

Thent opl lcover frmystbetemmatbhme f raa?ug@;%e;egggast temeerature
SIé%%&%ﬁ'third temperature sensor and heater is powered by a
portable power supply such as a battery power supply.

In one embodiment, the housing comprises at least one
side wall that extends between a top cover and a base. The
top cover may be removable from said at least one side wall.
The at least one side wall, base and top cover may be made
from aluminium or steel to form, when combined with a heater,
a “hot-guard vessel”, that i1s an insulated heater. The first
and second temperature sensors may be parallel-series
fLemperature sensors. The controller may be a two-channel
temperature controller which minimizes the error signal or
reading of the first and second temperature sensors. The
third temperature sensor may also be disposed within the

sample container such that it records the core temperature of

the sample reactant.
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The at | east one side wall, base and top cover may be
made from al unm niumor steel to form when conbi ned

wWowRab/03s1beat er, a "hot-guard vessel ", that is BEI/SG2005/000322

i nsul ated heater. The first and second tenperature

SCNSOr £ M N HAT alibBlis HERE SS LRI ALUT 886030852 tanden
The controller may be a two-channel ténperature

CORIE G dreen tnhe £ h the nitivioz s ttshec er p@raélgha?re@rea ebetigrprature
0 i rStod ofe]g| enpes s

tgeenr%%frasfi urfaa ge%goréggrgygg% 5@% ac;d#sp%osEL:}%@L rIQ?h%th&ature
s e TonespaEriwigh pihatiding exordspahisoor ef the average
t r at_ur e of . { he, sanpl ctant, | n .anot.her .
SR R OF Ukd o Tr8 SPsSR EE o s R s o ainer
t3eeid woeskitrgysoff rpar alaliel reepeesitvenpetat of ef sess otemperature
each of said two set ?ﬂparal | el -series terrperat  th
STHEHS r ¥Bbct T pr% oelrr?gtu&ecor?ﬁé]l’sl%gn JF¥% hee either
avestage-teendifigh obaahl dtieesurdracesnplitt heohoasi Neast one
and co(g]:al ner. Said rea mgs fromsajd res%?ctlve sets

oF R T Srenp et (TR ESERSEF sMaNdUELLORR HerpRr efrom said
SENSH! St dMYye RE 181 hedn st raet edk ddM eagde otthek msors to

input to at | east one controller. The controller

Lﬂ‘?fl‘%%‘@ e o GEHAt LRFBRT 3P fqlrfsfterleé‘ﬁﬁér EFEW%e%eW ¢t all
angdpsecond tenperature sensors to achi eve near zero
tenperature differences between themat all tines .

AdvantGeBUsigeoushe désegAeetga pf efepFefieenpddithatiment of
of oB0RbLLobLNGAPRANAUS; | S iahisuehaht and ble. Th
port abl e. Thg process of rmnltg?{%ng and trac ﬁort? ° ©
theocrtisaba®f ¢ menperaing e pide ofragksadapl efr ea‘dt%nta}dlabatic
A% R RONCTE €3NP £y GAN P AN Y BELIOLBPd concrete
on-site as there i s no extérnal encunbrance such as a
rmmﬁ,nkcene be tdesifigr npef farmad associbtehsedheme 1s no

L eﬁ&gtegéna‘lr \*;\lh 'ke%e sHGY Al agGQUS! oy N 2d%in the form of a

nent ere € reactant I's concret a
cemend ¢ icgnsdmateetival jardergoirngheuliirg) . Thévsquoje@usly, in
o 19e gém?éntme preferred emodiment oL 3. ncrete or a
cementations material undergoing curing. The simple
arrangement of one preferred embodiment of a monitoring
apparatus permits the use of portable batteries as a power
source to thereby provide immunity from frequent power
failure on-site and hence provide assured quality monitoring
while a concrete material undergoes curing.

The operator of the apparatus i1is able to install

electrical connectors between the housing and power source to

facilitate quick equipment set-up time and portability.

Brief Description Of Drawings
The accompanying drawings illustrate a disclosed
embodiment and serve to explain the principles of the

disclosed embodiment. It is to be understood, however, that
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apparatus permts the use of portable batteries as a
power source to thereby provide imunity from frequent

wWpowe3diad | ure on-site and hence provi de assurRdI/SG2005/000322

quality nmonitoring while a concrete nmaterial undergoes

Ciiid r@raJihﬁgsopaﬁl{@t&gsi%fnetdh%o%p%r@to'éési srabheutPration only,
install electrical connectors between the housing and

pvermaodsce deffaétirrare s ckimici phefthesénveptiome

and portability. Brief Description O Draw ngs The
acconpahgi Ny o awi seend i tdigoran difsel esegs-sectional view
enbodi Ve . xpl-ai Walo S : :
R R P R T
tdhitaled idr avemysratneedesi gmedff ar porposes sdmple undergoing
ié&ysrgsdr_ati on only, and not as a definition of the

[T m ‘of the invention. Fig. 1 is a schematic diagram

of a cFiss- gecid oaalpiviteweofofa dhsclhesed ngnbotidrend ofouse a
an arpag?ratus fEr.m)nitorin% t he adi abaﬁlic tenperature
rTEE B cERBFBHE SAnS! eCURYET Yoi FGUELPI APOEIPINS | §rring.
ashiphweiriy e hef pbl@ethensbﬂgthﬁse@bmp(fﬂmuﬁ@ 8e668t8} ner

cont ai nj ng concrete sanpl e_undergoi ng curing,,

showi n'{:;l‘i‘hegpéﬁ i F- O 4he”t ehPer gLPHFéngeﬁ%%é:g'Fi]g.Covered
Svith & pidEturiesafiathenhoggdng of Fig. 1 covered with a

cork insulation layer; Fig. 4(A) shows a picture of a

r ound-SHapet(Heattst & IPIESEFS P Tt Fe *opparabasedf heprper foil

Lisediih thel Bhpahawssaopigiyre of a rectangul ar - shaped
heater foil used in the apparatus of Fig. 1 ; Fig. 5
is a sthendt (B0 ebeveoR Biiagrae of 2 leedemoudrr-shaped heater

at gor iddum H%e@hEnabBQrQPSiaé%%gof it;he apparatus of
Fig. 1; Fig. 6 is a graph showng the results of a
cal i britdonSt ést af sthemappar apusrof Riggram; ogndelR geontrol

(N3 rih H<aph;Qf  f,0e 8£§t‘<ﬁ{'poef‘1“ér% L3eGONGE b &
a sek.'in the’-o h rat 1g. 1;
sanpl’ e undergoi ng curi n[g I'n the appar at Sg os ﬁl g. 1 -

Fig. 6 1s a graph showing the results of a calibration
test of the apparatus of Fig. 1; and

Fig. 7 shows a graph of the core temperature of a

concrete sample undergoing curing in the apparatus of Fig. 1.

Detailed Description

Fig. 1 discloses a temperature monitoring apparatus 10
for monitoring the adiabatic temperature rise of a sample of
concrete 12 undergoing curing. The apparatus 10 comprises an
aluminium housing 14 consisting of a cylindrical side wall 16
that extends between a top cover 18 and a bottom plate 20 to
define a chamber 17. The cylindrical side wall 16, top cover
18 and bottom plate 20 are respectively insulated with cork
insulation layers (16A,18A,20A). The cork insulation layers
(16n,18A,20A) are 10 mm thick and encapsulate the external
surfaces of the housing 14.

A polystyrene insulation layer (16B,18B,20B) covers the

cork layers insulation layers (16A,18A,20A), which are 48 mm
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Det ai |l ed Description Fig. 1 discloses a tenperature
nmoni toring apparatus 10 for nonitoring the adiabatic

W empeseEeure rise of a sanple of concrete 12 uPKESGI0S000322

curing. The apparatus 10 conprises an al um ni um

%kngaljré ga%%'itcﬂg' n&icfgd aiﬁ¥hi99:§%ﬁalf 3 d%u\t/‘valhlea:l:(5 transfer
that extends between a top cover ang a bottom pl ate
etveegef time Aovhanberl 417andhéhey| amjdrdrdal esvdeompgrit . The
16, . tQp er, t a a jvel
e G eRBEo Y Ehi SEVEL RS, 825 FRaRERRERLY Gigovanie
frfre ioeuk aichenl déyens | ayeX, Sl qRI6ANdI8ALiIRGA cat esilde a1l 16
tthoi ck .and _enca SJFH at.e tﬂgnfbxterl al surfaces of the
HouSii Wli’.ccﬁ\sgo OstVT s Euldti on | ayer (16B, 18B,

20B) awiars sbes copk | gyat lidisuleatieen |wamgferatl®ld, sensors

18 A which are 48 m nt hi ck_an rovi de added
i@&rﬁ%ﬁ%?%aﬂyaﬁsa@w&ﬁ& &Pt i3 Ty Sensors
1dzancoehe ani ent tBBViWaaNNRIY . tdechayensi ¢dBAsi148Bwall 16
and tqop cover_ 18 are respectively renovable from
iFRAASAECIY | AAFEY 1622 6BPTARE ¢ WChdr F TG HE Swal FenSOTS
1@ 2 22ip) oW r_C GRSl ilBeycRamkel kbvekours sl Wttom plate
paral |l el -series tenperature sensors (22A, 22B, 22C, 22D) _
dre nouht €é8MBdeh thfa’é?taltn@#pe?%t G?ﬂé s%?ﬂ%r sf(pmEgmer 30 is
%’r%ﬂﬁeﬁh%vi\/@li!n Oéhé h@h%éﬁdiﬁ C‘%'oﬁ'&frlt\éﬁlnlings the concrete
opposi tely facing each other and tenperature sensors
(2@ 122D)1 Zar echads peict | waldengeingp covengl8 anddyat t grats  of
le.c [ [ he f,arm iner
e A B N R R aBds 17 Py “ania s on the
tdrr cgordr ebefsaapbe e tdmattaisieund@r-goi ng curing. Four
sets t enperature sensors_(24A 24B, 24C, 24D) are
provi ggehue on the external écﬁlrn %@t%?ethe cont ai ner 30.
T2 2t, @Eperatup 2D seas a2 48 ,(22A,24D) are connected to a
22B,,22C _22D,.24A, 24B, 24C, 24 are connected to_a
SRS ThE B 57 S CRARNEL FeRperariFe controller
amts®| tieit 26ns oclidraie Ionearc hasmiel o€ asndiocd 1 @rlzsagdd an average

cal cul ate an aver age
temperature og g the

sSensors

set of temperature Sensors
(22A,22B,22C,22D) and the other channel can monitor and
calculate an average temperature of the set of temperature
sensors (24A,24B,24C,24D).

A temperature sensor 26 1is also provided within the
sample container 30. The apparatus 10 also comprises a
heater in the form of heater foils (7A,7B,7C). The heater
foil 7A is disposed between the cylindrical side wall 16 and
the cork insulation layer 16A. The heater foil 7B is disposed
between the base plate 20 and the cork insulation layer 20A.
The heater foil 7C is disposed between the top cover 18 and
the cork insulation layer 18A. The heater foils (7A,7B,7C)
are flexible and have a heating capacity up to 2W/cm?.

The temperature controller 28 is connected to the heater

foils (7A,7B,7C) and. is able to turn them on or off based on

15



tenperature of the set of tenperature sensors (22A,
22B, 22C, 22D) and the ot her channel can nonitor and

W@ 2106/036d2% an average tenperature of the set ofCT/SG2005/000322
tenperature sensors (24A, 24B, 24C, 24D) . A

t gper at upgrseNsor 26r-h3 al sorpeovi dedemblbipythe sensors

sanpl e container 30. The apparatus 10 al'so conprises a

hétRr2 3%y A% 226n A8t 2RBa2 ¢, 34 s (7A, 7B, 70). The
neat e Tl Lorpel S U SPOSAL DAluLety e L2 NAER It to the

side wall 16 and t I nsul ation |ayer 16A. The

heemesrdide 7ROl Fposedtibat weencéherbased pthtet@@perature

5 f‘é‘gtdﬁ hst%gébic%%%&@c%ggakngng 150 glgn%?@%&%%sﬂ(éugﬁlg. The

| spose etween p cover 1

| datd affraon Hemperral8he Fhesbeal@rid cidtput7Ao EBgZ&phacel user

S0t NOHE SIGEG RS R AC LYET s asapiay

e tenperature

heaterffad | 36[ |24, 1dw8, U3 andrkgealleapeeaturs tdwdions from

or off based onthe output fro h e rature sensors

ol niis) STt LA b Bats P e FeMRR A e Sensor
10 ceatratdmer2428 2idg,alipp.connected to the tenperature

sensor_26 so that it_can record the tenperature data

of theTROnEPREZ RI® 42 BRURtedinddrydesthauriifgioethel 7 on a
dad 2 f 6 DML LSPPEF AL 3 SSEAF Ohr2OndSe O AWt at faferial that has

graphi cal user interface in the form of display

i peet it BeloThéharspl agorAreEpace—36 difegiRdit Heinimise the

aveLAQe t MRl Upgrfeadi NS T Lo hEPPEL At Uf L 1SeAKOT and  the
set (22A, 22B; 22C, 22D) tenperature sensor set

15 (oantaumpn4Q-240he Jertaigmmai Heramd ¢l hwlinted walhi nl6 are

@fméﬁgﬁéﬁéa 1Zueﬂ QjﬁﬂgraOf éiﬁ%%ﬁéf&'sémﬂﬁhcrh egggdeexists

t
froma material that s relatively 'l ow therm

cotithieerantbe- g earimedebyurfiatiani s€ tthe tdertmindyr i dge and the

al ner

b 108 s o] g R BROLALTE e

dil hefest arisc Isuc Futidte raorrel, atheekyrsgapl batwegapthe external

20 gxﬁgﬁ%u$ﬁ%yw¥ﬂgtgg%éggﬂg}n%b %%Ef%%% %@l&ggrgggiaég é wall 16

should be minimised to reduce sluggish response times between

the temperature sensors (22A,22B,22C,22D) mounted to the

cylindrical wall 16 and the temperature SEensors

(24A,24B,24C,24D) mounted to the external wall of the

25 container 30. In this embodiment, the air gap is only as big

as to allow the container to-be removed from the chamber 17.

Fig. 3 is a picture of the housing 14 without the top

cover 18, the insulation layers (16A,16B,18A,18B,20A,20B),

the container 30. Fig. 2 does show one of the pair of

30 container supports 34, the cylindrical side wall 16, and the

position of the temperature sensors (22A,22B). Fig. 2 is a

picture of the housing 14 covered with cork insulation layers

(18A,222) and with the leads of the tTemperature sensors
(224,22B,22C,22D,24A,24B,24C, 24D 26) and the heater foils

35 {77A,7B,7C) protruding from the cork layer 18A. The leads of

16
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cylindrical side wall 16 to thereby m nimse any
tenperature differential. Furthernore, the air gap

whedsmsi129 he external surface of the contai nerPGDSGIES/000322

the cylindrical side wall 16 should be mninised to

r egliC ecBbUBSE SH: I 8SRONSS gwﬁswﬁtm@ﬂm@@em@gr ahdl 84D, 26)

sensors (22A, 22B, 22C, 22D) nounted to

c§¥ ¢ mernnedtafaltr tBeafentrel kasinddr-at ure sensors

(24A, 248, 245240 ypunt %ctt%rteh%fe)étqr Bah- E‘ﬁg e&@fnd er foil

container 30. In this enbodinment, the air IS on

ashadt giasusedalbowtihise heort diqidrs tb7Ebe7C1r emﬂﬂ@j fowrd heaters
h e g [ re qf Si

i Thouf Enattdeett tooh8 ol EUER o I IHEMGh pate

15B, A8A 48B, SZ@XLS Zoa)lqtume tolfeacocretcralangnl%—sm@etheater

d sh ong, of t ai cantain pport.s
ﬁeslcyl %\ﬂdrl daft E tF’ §nd stunr?acgsf%o 1hh%f Cﬂﬁendrlcal
tveaniple rled wfet&enhonsmazm 228) . Fig. 2 is a picture of

the houysing 14 covered with cork j, sul atlon I
(18A. 25%) i 5A P OPRGAT B8is BCY Br REuFBS Eotal power

sEfeod Stb22he 228512AC, 23D 24A70248B, iéﬁ %ﬁ@ui@) rdcéh@ucted,
heater, foils (7A,_ 7B, 7C{ rotruding fromthe cork .
| SRRHT A, SThETLERER of the tShpefitlur &eTBREBFErE9 o Aduring 2
2280t Bfoup? P r i, 4B, RA4howdDl 26)hed € £0ONREELd diagram
to the controller 28. F| 4 (A) shows a picture of a
rdundt$hapeatheat el guiit %Fhatlsfi‘@ uked F¥r (werpsapn of the

faidsrAcAB 10).. Xgeaﬁoéﬂgm]ggf@t@ﬂrsa ftﬂ'rr{e—fb'atseéd}cﬁg}?@&téf? firing
thetocg cover 18 and the bottomplate 20 (B)

Piletar & &klavwr dedargticar %@éérﬁea@éfﬁaﬁ@l |Llevels of

(7Iﬁilv1dﬁy10%e'l%%§ tf'%‘f{lgu Gh %W@Fe ﬁélé% Cyl 'i‘d%faaflk" run
16 of the housing or accurat e operati on,
cJaﬂllbha@liloﬁhsf qomattnpal 3@ovveer nepucheggefie whsht @rny sample.
B d r

e ored Bl e i B B P ORI e ST LB, Rongrs was
persod:had §..38Cshows a schematic control diagram of
the control algorithmused in the operation of the
apparatus 14. As an exanple of a tinme-based thyristor
firing
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nmet hod Table 1 bel ow i ndi cates exenpl ary vol t age
| evel s of individual heater foils (7A 7B, 7C) enpl oyed

WO p008/03d3RBNk"” run in which the contai ner 30 i sP¢E$G2005/000322
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charged with any sanple. The maxi mum t enperature

di fferences across all sensors was less than 0.3 0C

. Table 1 Paraneter settings for the heaters foils and
cont FePLer 1Fi g Pagametar gFiHngfoiory thRePpaEer s sFQfls, and
calibration test of the appaabdseef Fig. 1 show ng

e neasured core tenperature and cal cul ated
| heenede¢eed intdmper at ure overl appi ng each ot herj Adjusted
[ hr oughout the 1500 mi nutes. This shows that tr\golg]:%ge
mai nt ai ned adi abatic conditions during heating an

| Bapplhevalortgeolfoar h28taai M ai ns the tenperat Ur¥El Volts

M-thn—the—charper 3/ ——tHA-tse—the—econtroHer—28

rgg@l‘/%sv?ﬁntﬁﬁe #gﬁpgﬁﬁﬁfggi gnals formthe 35.5 Volts

| OPBL Al d B SRNFITS hed2Ar 22B, 22C, 22D, 24A, 24B, |23C, 24 t s
T

e coptroller 28 calculates an average tenp
Freppriotorde cyranflri AT si déSval | T FHAGHECHEL - 20
epperaiigL output fromthe sensors (22A, 22B,|22C, 22D)

d average tenperature (T ¢) of the container] 30 from
hetegnperbing €outthat Tenpara hers dwdirel(le24A, | 120 seconds
4B 24€C24D——The—controtter—28then—catcutatesthe
differential (E) between Tsw and Tc as follows: [E =
T8+~ ¥clsl B Breapb. BRowihe tbat rebhbrs 28fast cudiksathen test
P P tJFﬁ]){ri s,at1 or 2a tso L rnFEhe h at er v];ioril I S IeA, InIeBSulC% core
on- IFPE SSEY*Me Eontrofrert 2874t i vates "tREVPT
t bgmpstatuR29 t oahdr n tdwel hdatterd f oi thedvd B3 17C) obfiperature
Accordingly, the controller 28.operates heat e :
P PELRRR Y ooa%ey BhESy Sir bR Rerute [aMperaplres (T This
S¥hdwef dH¥e cyhendrd cakistdena@l ladi@bandct hemveirdges during
tengerature (T 0) of the container 30 .to nai ngc in
t ReRhhPd ed | PR T uMt Det e e & Mrdmitéarssi g@ wgpperature
16iandnt e codndgrern730 as the sanple concrete 12

under goes i i
In use, the controller 28 receives input temperature

signals form the temperature Sensors
(22A,22B,22C,22D, 244,248, 24C, 24D) . The controller 28
calculates an average temperature (Ts,) of the cylindrical
side wall 16 from the temperature output from the sensors
(22A,22B,22C, 22D) and averadge temperature (Te) of the
container 30 from the temperature output from the sensors
(24A,24B,24C, 24D) . The controller 28 then calculates the
differential (E) between T, and T. as follows:
[E = Tsw — Tcl

If E < 0.02, the controller 28 activates the PID thyristor 29
to turn the heater foils (7A,7B,7C) on. If E 2 0.2, the
controller 28 de-activates the PID thyristor 29 to turn the
heater foils (7A,7B,7C) off. Accordingly, the controller 28
operates the heater foils (7A,7B,7C) based on the average
temperature (Tsy) of the cylindrical side wall 16 and the
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hydration. Exanple The apparatus 10 was used to test a
sanpl e of concrete being used in an actual

W@2wsHsdaIet i on site. The concrete for use in thRCT/SG2005/000322

construction site was prepared according to the

COMRosid | eBmSEPNL D Tab) e 2 behowoT8blge2 30 to maintain
Constituent materials per cubic neter of concrete

stEpme Wesrid ppdun; Hetrdenakipe Peyiagel Genenitdeanthll 16 and
! FS A4S, 4 ne G anul d Bl Fu agi» A

st;gn%sl e%oo %%%d%oxt %r%e g?‘%TaEIagE%e, g??gfe%ei nlg2 wellufdergoes
myttiwes pl aced into the container 30 of the

apparatus 10. The contai nerE,%gnpvj%ﬁ pl aced into the

chanber 17 of the apparatus . e tenperature of the
concr ellee sapg = tnesildl ngpd msEehtta Nerst30h Wasnpiea saf etbnerete

the t t 30_and recorded by th
- et T 28 by =506 BogotHeat UL Jror T copfg ote for

atBeabat i chterpeasatruceiohSeinas waec@régdrbdy sidi®rding to the
controller 28 and is %ﬁrﬂ in Fig. 7, show ng that
t?ﬁ?&%ﬁﬁﬁ%qgtﬁpgwaif?ef T en the tenperature
sensors (24a, 24b, 24c, 24d) of the container 30, the
tenperature sensors (22a, 22b, 22c, 22d) and
téﬁﬁ%%%u%JreC§8ﬁ§éFuF§t6m§t?ﬁl%%ﬁaHﬁ&nGP@ﬂé Bpker of concrete
tenperature were all close tgpgaeh other. That is,
adi abatic conditions were pminfained duringthe curi
of the congrete.. The conta) ner WXE found tbB3he&k®H7.|3
at day 3 (pfter C’Fﬁ‘eﬁ&}urs), whitg gHze—actuad ;gxmgm
recorded tenperature of a bn1th|c concLete rgéi

f oundati on| Wi t h | Asekati bggeddatround concil€Pé keagur ed

i n-situ whiH-ebeirngecured—at %the conRstftets 1SS
was 66.90C . This GoRFI FREETHE Sccur acy | of {hekd
apparatus. It wll be akserved from Fig] 7iédhatgtHe

rapi d heat ggaep.ax_l_on_d;@_t_o_t_heﬁipau_on_peaa—l_gn of
the concr el e AFhFtarss (J1¢d crange obser vet: 1o

commence after 6 to 7Mira 99) litres

n

¢)
C

et AN ol e

Where “OPC” is Ordinary Portland Cement and “GGBFS” is Ground
Granulated Blast Furnace Slag.

A sample of the admixture of Table 2, after being well
mixed, was placed into the container 30 of the apparatus 10.
The container 30 was placed into the chamber 17 of the
apparatus 10. The temperature of the concrete sample
residing in container 30 was measured by the temperature
sensor 30 and recorded by the controller 28 over a 6 day
(8640 minute) period. The adiabatic temperature rise was
recorded by the controller 28 and is shown in Fig. 7, showing
that the temperature differential between the temperature
Sensors (24a,24b,24c,244d) of the container 30, the
temperature sensors {(22a,22b,22c,22d) and temperature sensor
{(26) of the concrete core temperature were all close to each

other. That is, adiabatic conditions were maintained during

19



hours and this is reflected by a steady rise in the
concrete core tenperature, initially at anbient

wo 20vpesaeur e of 300C to about 600C within the PERSGHB5/000322
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hours. The heat rel ease was observed to sl ow down

diid Nguieg NExt t24 RewesedBd | evRl iduhiefihedUnidig #ditd to be
third day (~4320 m nutes) to reach its adiabatic

neki frurk t&pddat dr é26kFeB773Chothe) surhhte Ebaparhugt enaximun

Oieé&?décﬁnpér@p&&[&?ﬂéﬂeéf 30 ¥@s th&éﬁk%én\éﬂréber @ﬁ@%ckohﬁdatlon
the tenperature of the cylindrical side wall

mehth o RAglaktor oal b olrozpsdt expncy efiet Wars+red GCJ-'}"ﬁltall | while
:%%E?ﬁ% h%&%dpaa?{ the PegksiATPer e bl WAS @hsesved onig

e concrete core dropped in tenperature at a
retef ofmd dde tAvamrac@2oC pee doparawer. t he subsequent

three.? 1&12 hourgger¥ @ %r ratU{eFHgkl&%% rapid heat

capabi |ty 'S a uni qué Cature o ppara
Apphe cait i@ns dAdv ant agbeusﬂgdramdmasrdaeeimcﬁenmﬁstiﬂm edoncrete

that th d f th tus 10
RAIP 6 B nidt TR 73 ERCEREr dtt TR R Spetene to 7

Frsdheramd eshideid afmereaiwde o @p swielzldiyn rtiBe éanehet eoncrete
core was | ess than IlEour or about 0.5C/day after

atREF Y P T i i BaPf caFRhpRT at gRRPTqUrSyafy 30°C to

bgoappr eot@t Rdhhat thBe rRpRar 8¢ UsoldPs. havieNtheat release was
relatively si nEI e design, provides a hi hI % conveni_ent i
deRF eV Whi BhOW ol Pim| TBF 1R Rt BRi BBAE| egryfand leveling

NBELr i flrideraal Nen ard eagdy) oN~439eh ASnGOHLY €& reach its
under goi ng hydration. The apparatus 10 is also highly

peiialR el G marHaun temgpiahsrenet ate XGeh that it is

abl e to,besthrANSPorLade f ok &y bt Ckﬁesggﬁpﬁé BoNPdi My 30 was
| i ght wei ght truck. O'her enbodi ments may be

di pepktdnedth o rseperangporiied bywrirrt-urFhecppheacyd indrical
10; &l s, flpeg nB "tﬁguknro %té@ gyt Sﬁﬁago%%‘l UQgét Itho within

envi ronnent a ntr ol ere y providing a Ssi
adiaﬂf@getouéﬁ thaepr|0ncarpast the peak temperature, 1t was

observed that the concrete core dropped in temperature at a
rate of less than 0.02° C per hour over the subsequent three
days (72 hours). This temperature holding capability is a

unique feature of apparatus 10.

Applications

Advantageously, it has been demonstrated that the unique
design of the apparatus 10 provides near zero heat loss from
the concrete reactant system. Furthermore, the temperature
drop within the concrete core was less than 0.02°C/hour or
about 0.5°C/day after attaining the maximum adiabatic
temperature.

It will be appreciated that the apparatus 10, having a
relatively simple design, provides a highly convenient device
by which to monitor the adiabatic rise of a material

undergoing a reaction, such as concrete undergoing hydration.
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Advant ageously, the apparatus 10 does not require a
recirculating fluid system for maintaining the

W0a312C conditions within the chanmber 17. TPEESG2005/000322
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significantly reduces the capital and operating costs

ofhd heydnnaraius 10Ad\_{§nt éQ@QUSIHJthJWe dAWRAVET ; hat tHQt its
of the apparatus 10, which may power ed si Iy

pBEIRebY Ieo o vREFe S%Wféeth%@chtaésaa@ﬁﬁr Feate tﬂaatrtwted in a
Upifh; A theqintegrily pfnt hSradM?H{dq&lc% d'gf&éﬁ. IS other

assured, the tenperature of reactant
c@mmcémennﬁj@rragfoﬂoﬁgdhydnaiq>mﬁ is blterangpbeted by hand.

accurgﬁ draCCQ{gStl%ang ”8? %C?Q rdHLRer 'L%B%F;F%%ﬁal oven

porta r sour ce protec e app Fat us
wyltmdefslrr abémvsrfcfrmtﬁtnt@ﬂ pomemtmﬂt,agethéhebyl s gwoviding a
Jgnl ff cant adyvan lications that require

%e appara dté'imm‘—i1 |t8vefhe )P(ﬁ’actl 55Tt concrete as

t he deydimtmgedmesltyakemeorap@lat:atusumh d8ea not require a re-
construction s ni tor_ t he adi gbatl c

CONERH LA ¢ e YR o T6F cBRCPLpeninfe the adiabatic

p@dsﬁ@ixildrts/ vafeHtine tappanhahisr 107 of friis i qlitreicaatiyereduces
to the need for site tenperature neasurenent of
chie reart tadr &89 RPeRTEPHCF 1R ek dPRpgatus.

Meas ur BRI Sa L1 KROWEHO D6 | BBRELOUS taRd &¢Penst Vapparatus
the apparatus 10 provides a substantial savings in

ob? ai Withgl t HeY alP aBavRECT eRiBPBY UPE 7i BETHAPAS opower source,

CONGH &1 £ Ploz8RAbIE pYstORerials. It will be
apparent that various other nodifications and

adapt ab$ oflse ofn e ity et £bh Witb%@%pﬁmdéﬁtloﬁl@ fifeassured,
p@ﬁéo'%eﬁt?b%%g Ln e art. afiter cgadi ng the, £ 00890 R8ergoing

drscl osufe w t hout departing fromthe spirit and scope
ofhydiwet igwvenits aplandoi bei scentremeled drvhtcaaldtagydly monitored.

”ﬁ?ﬁﬂé’ﬁ&d S %%d ﬁg‘?_%ﬁki‘& 8§3e§2£$;%e E%{E;te'%ecss%%ea%aratus

e appende
nt’b@n foomngnsysmemfsﬁnabh@nefﬁechgofhgotvemp@ruabgee ofTtels 1s a

ﬁffreaq;ant un ﬁ OIQ% a ge 1cé¥£ons %hat reguire the
te SR SRS g syStent®nprd siNG:

apparatus to monitor the hydration of concrete as the device
can be taken on-site, such as a construction site, to monitor
the adiabatic temperature rise of a sample of concrete.

The portability of the apparatus 10 offers an
alternative to the need for site temperature measurement of
concrete cores. As on-line site temperature measurements are
known to be laborious and expensive, the apparatus 10
provides a substantial savings in obtaining the adiabatic
temperature rise data of concrete or cementitious materials.

It will be apparent that various other modifications and
adaptations of the invention will be apparent to the person
skilled in the art after reading the foregoing disclosure
without departing from the spirit and scope of the invention
and it i1s intended that all such modifications and

adaptations come within the scope of the appended claims.
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a housing having at | east one inner wall defining an
encl osed chanber; at |east one first tenperature
W@ 2weO361zhapabl e of sensing the tenperature of BEI/8G2005/000322
inner wall of said housing:; a sanple container
provi ded within said chan%%ﬁ”?%r cont ai ni ng said
sanpl e reactant therein; at |east one second

tenperature sensor capabl e of sensing the tenperature
lof oh SABISFACUSEr fEYRLBITIY dSyahple ot AioRdtorang  the

o8 r BUMR caPabkamplict tagsf &L I IRR N0 a0k chEOMSAI Shid
chanber; and a controller capable of nmonitoring the
LeEPRIER AR EOHE LA BI sANPT N rEF R 8nd capabl e of

oper at {,8ds 834 dnB6ahg PYEP 1RaSEd AR the Qutpiils TEOMSA{ an
first and setond tenperature sensors to substantially
eped g rehambeal equi li briumtherebetween . 2 . A

system age i ied | §46Lal Mo CAMRI Si1g-aL | £355500¢ of
third tenperature sensor cap e of sensing the
s¢msipey dthe eeobesaicdrsaopl sa i@k dotrent wad li pfuaded goess g
reacti on_ within sai.d sanple container. 3 ..A syst as
el ot frod el sgn inek Pe Sl Sl S gasl BHEED Sror
cosiesi riihey eutiputsanplsardattamid Hepdmat ure sensor to
nmoni tor the tenperature of said s le reactant. 4 A
Syot®m Xt HB8 | FECI mEETPRABIBE n TP heSPPRRAE OF
séSsindeaher . tSmperthiiisd edrasa! aixrednan cdatfack , of said
wherein said heater is a heater foil.6 . A systemas
SRt PP YR 3% m 1 , wherein the control |l er deternines

the sempatatgu® didfanential cbehyeen: sad dnéhtstoansk from
second tenperature sensors and adjusts the
S F fehaG4l @Y turning the heater on or off to

subst apbhlby) &R BhhEN & NOF MRbn EGH 1 APT LN DEIYER I ure of
said inner wall of 'said chanber

said sample reactant and capable of operating said heat pump

based on the output from said first and second temperature

sensors to substantially maintain thermal equilibrium

therebetween.

2. A system as claimed in claim 1, comprising at least
one third temperature sensor capable of sensing the
temperature of said sample reactant as it undergoes a

reaction within said sample container.

3. A system as claimed in claim 2, wherein in use, said
controller uses the output of said third temperature sensor

to monitor the temperature of said sample reactant.

4. A system as claimed in claim 1, wherein said heat pump

is a heater.

5. A system as claimed in claim 4, wherein said heater is

a heater foil.
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and said external surface of said sanple container. 7
A systemas clainmed in claim2 , wherein the

W@ ovb0adiker is connected to a graphical user |PCESGZ08000322

for output of at |east one of said first, second and
third tenperature sensors . 8 . A systemas clained in
6l ai A Zysteherpei nlaimédash oheinoflt héheoritr dHeercontroller

first.te at yre _sensor econd te rature sensor, ..
AP P EApGrat (FUPEEREEF ® aRd ThEAT Binh AP 6" EXBaBracof LTSt
ahbel Bgcpadetetpbyatuporsadepoarer sijppts the Afferential
t enperature _noni toring apparatus for nonitori t he, .
o MErar 6T Bl % r BacPEnt tndRgerPRG LA 1Y Raintain
theathl 0Bgusaidr i@nestiddre S tighicRy wappaldt ¥$id chamber
conpri sing: a housing having at |east one inner wall
a@@fﬁﬁﬂﬂgegﬁe% 2CRafberaldt SPEYSE G FneLr
tenperature sensor provided on said inner wall of said

housi ng; a sanpl e_contai ner provided within said
TchanBerYE§FMc Bt Al ALRET shit d° |2 rdwdtedm Hecomfroller

;at dopRsktoner§ec0dabePer ald.e SRS, RN ¢¥kdedBltaBs at
external surface of said sanple container; a heat punp

leapabl enof af ansfidr r fhgsheatsaaener RROm Balwf cemperature
and accontrol l er capable of nonitoring the tenperature

of sald sanple reactant and capabl e of operating said
heat punp based on the output fromsaid first and

gsecond L AMRG! Al SGASOTS, L0y SYPst anthallye MRl NG AL one
thermal “equilibriumherebetween .10. appar at us - as
ofl aitthed | noctadIM&,, cHipst Si hgmaerdeasd omentbryd second

Jdenperature _sensor {lgvi dgd W thin saic,d saI[r_plrcle
CORtarnerf8rEdhsi gg FAe "EBRPE? ALF e TF5%ai ¢ ahpRE PUP
areachaablasof tbaindegoesed beastpontadlle pAiveappapgl ys
as claimed in claim9 , wherein said inner
9. A temperature monitoring apparatus for monitoring the
temperature of a sample reactant undergoing a reaction, said
temperature monitoring apparatus comprising:

a. housing having at least one inner wall defining an
enclosed chamber;

at least one first temperature sensor provided on said
inner wall of said housing;

a sample container provided within said chamber for
containing said sample reactant therein;

at least one second temperature sensor provided on an
external surface of said sample container;

a heat pump capable of transferring heat to or from
said chamber; and

a controller capable of monitoring the temperature of
said sample reactant and capable of operating said heat pump
based on the output from said first and second temperature
sensors to substantially maintain thermal equilibrium

therebetween.
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wall is cylindrical and extends between a top wall and
a bottomwall. 12. An apparatus as clainmed in claim9

WQ 200@8@2n the housing is covered with a pri maPgI/SG2005/000322
insulation layer. 13. An apparatus as clained in claim
12, wherein the primary insulation |ayer conprises
100r k 2nat eppatatust. aAn apphnad usirasctbanned igonglrdising at

wherei n.a secondary .insul ation | aye oVers,
e g A AL L b L MR
sbﬁp@éabmlﬁalnéd\bef@i rséﬁaﬂgeaihqompe%a&uheaber sal@. sAfple

paratus as clained in claim 12, wherein the heat
rﬁaﬁﬁaPE %Sh%%ﬂ%?d%ﬁﬁ?elsadF§ﬁS§%%nbetmeen the primary
insulation | ayer and the housing. 17. An apparatus as

claimed in claim10, wherein at |east one of the
1&0ntﬁ6lP@ParPFP§ta%eﬁ%ﬁ&@ﬁ i hriday 9rsé@@ﬁ§ln said inner

whEAPelAt € {FENRQAN, 4 HHré&EéﬂﬁﬁrB@EWééﬁeQSQB anfh1l and a
heat er ar’e capabl e of being powered by a porFab l e

bgshen ¥apbly. 18. A nethod for nonitoring the
tenperature of a sanple reactant undergoing a

reaction, the nethod conprising the steps of: providing

18 .sadpl earpacsbnt ias a Saipled cont atheim ccht aiviegein the

h‘é’%ﬂs@é? 48 c?é‘fézoesae% 'Plaﬁbghmng %&édfggclo‘?le erature

sanpl € reactant ergoes a reaction;
nonitoring the tenperature differential between an
%xte%pal surf o g Ie con;glner ?nd %fquerthe
el | 2ot g%?%r%ﬁ%?oséb S 3%% “dhd Sméifit ar i ng’
p&dhﬁk@hih@hl@%idﬁﬂﬂﬁyere@umbrbseﬂnm&mm\Mamenmmld
external surface of said sanple container and said
inner wall of said enclosed chanber. 19. A tenperature
1a0ni er | agpappanat uss f of14md orimg dik@m 12, wherein a

secondary insulation layer covers the primary insulation

layer.

15. An apparatus as claimed in claim 9, wherein the heat

pump is a heater.

16. An apparatus as claimed in claim 12, wherein the heat
pump is a heater and 1is disposed between the primary

insulation layer and the housing.

17. An apparatus as claimed in claim 10, wherein at least
one of the controller, first temperature sensor, second
temperature sensor, third temperature sensor and heater are

capable of being powered by a portable power supply.
18. A method for monitoring the temperature of a sample

reactant undergoing a reaction, the method comprising the

steps of:
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tenperature of a cenentations or concrete materi al
undergoi ng a reaction, the nonitoring apparatus
W@ 9p03deNg: a housi ng having at | east one i nnNRCT/$ELN05/000322

def i rgglamngeags O 3bSEANLL A Y Lheemally, | Mgk 8dner

chanber t on enpera Uré sensc
cpnbwuiided wmmhxn(hnlﬁnaiowaﬂlcbémbard housi ng; a sanpl e

Cont%b%%%o rOVIQEd %ﬂm era grd S anbe& el Eonggackagt as
in use, sala Cenent ations ToRcr 8F&“nafeP &l
ithenaengoas éeféacﬁmma,second t enperature sensor

provided,on an external surface of ,said sanple

contapﬁgﬁgoﬁfngeggFao%gm?ﬁf?au¥%nﬁ%&%%ﬁ?gggghs&Fﬁween an

eRtevhdedsurficd SAl sh 5N IO M@ hifhera afgaker inner wall
bl e of heating said chanber; and a controller

Oéagabﬁee%? ?ﬁﬁﬁzﬁWQQ?3§alénﬂeater based on the out put

fromusandaihisd andssarendii@mpacahtl e 5@R39hsidRdbetween
capabl e of monitoring the output of said third

SpéRpetEttine lsefidbfacanelei 11 §aBPleaiPrEaines| |18 said

10R8LaL8$1 S§F L ealslc1l@gubakapttal Iy maintain thernmal
equi li brium between said inner wall of said chanber

and said external surface of said sanple container

1901 | ¢ Mni0ni gt gr\%ngggptﬁﬁg;gg?a%téé" goﬁe%ﬁﬁi’%?ﬂ% the
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a sample container provided within said chamber for

containing, in use, said cementations or concrete material
therein;

at least one second temperature sensor provided on an
external surface of said sample container;

at least one third temperature sensor provided within
said sample container;

a heater capable of heating said chamber; and

a controller capable of operating said heater based on
the output from said first and second temperature sensors
and capable of monitoring the output of said third
temperature sensor,

wherein in use, said controller operates said heater
to substantially maintain thermal equilibrium between said
inner wall of said chamber and said external surface of said
sample container while monitoring the temperature of said
cementations or concrete material as it undergoes a

reaction.
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a sanpl e container disposed within said chanber for
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concrete or cenentitious material undergoing said
cpahaindpg sald concrete or cementitious material undergoing
sald reaction therein;

at least one second temperature sensor capable of
sensing the temperature of an external surface of said
sample container;

at least one third temperature sensor provided within
said sample container capable of sensing the temperature of
said concrete or cementitious material undergoing said
reaction;

at least one heater foil capable of heating said
chamber; and

a controller capable of 'operating said heater foil
based on the output from said first and second temperature
sensors and capable of monitoring the output of said third
temperature sensor,

wherein in use, said controller operates said heater
foil to substantially maintain thermal equilibrium between
said inner wall of said chamber and said external surface of
said sample container while monitoring the temperature of
said concrete or cementitious material undergoing said

reaction.
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