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Bbl BCce npaBUNbHO YCTaHOBUNN?

3aueM MbI Ny6nukyem pe3ynsrathl MCCriefoBaHuUsi npovssoauTensHocTu Unistat®?

MbI nybnvkyem pesynsraTbl UCCEAOBaHUS A5 TOro, YTOBbl NOKa3aTb, HACKOMBKO Ka4eCTBO YCTAHOBKM KaXK40ro KOMMOHEHTa
BNusieT Ha 3(PEKTUBHOCTb PaboTbl CUCTEMbI B LIENIOM. YXe mnepBble NMpumepbl COOpHUKA AakT 4eTkoe npencTaBreHune
O MpevMyLLecTBax NPaBWUMbHOM YCTAHOBKM BHELLUHEW cucTeMbl. BHeceHne psiga Heaopormx, HO BbICOKO 3(EKTUBHBIX
N3MEHEHWI, NO3BONUT MOBLICUTb NPON3BOAMTENBHOCTbL Ballei cuctemsl B 1,5 pasa.

Cne,u,yﬂ NPOCTbIM peKoMeHOauuaMm, Bbl MOXeTe ynydllnTb TepMOOMHaMWUYeCKMe Mnokasatesim CUCTEMBbI. OT0 NO3BOMUTL
BEpPHYTb MHBECTULINN B oGopynosaHme ropasgo 6bICTpee, YeM Bbl OKXnaaerte.

Ham xotenocb Obl, 4TOObI Bbl U3BMEKNM BbIFOAY W3 HALMX 3HAHUMM B 0ONacT SKOHOMWUYHOTO WM BbICOKOI(M(EKTUBHOIO
TEPMOPErYNUPOBaHNS U NOMYyYUnn NpeacTaBneHne o TOM, KakuM [OSKeH ObiTb pesynbraT, CpaBHMB NMPOU3BOAMTENBHOCTb
Ballle cuctembl ¢ nNpou3BoguTenbHocThio Unistat® B codeTaHny ¢ pasnuyHbiMU peaktopamMu. OTO NMOMOXET BaM MPUHSTH
peLleHne, OCHOBAHHOE He TOMNbKO Ha TEOPETUHECKMNX BbIMUCIIEHUSIX, HO 1 HA MPOBEPEHHBIX pe3yrnbTaTtax. Ecnv Bbl ucnonb3yete
ONTUMU3MPOBAHHYIO YCTAHOBKY, 3TO TaKKe MOMOXET BaM CIKOHOMUTb BPEMS M COKPATUTb MNOTPEOeHne SHepPrm ¢ NOMOLLLbIO
HUBER Unistat®.

HwxecnegyoLmne Bonpockl TpebyoT NONOXMTENbHbBIX OTBETOB. B NpOTUBHOM Criyyae 3KOHOMUSA BalLMX (PMHAHCOB HaMNpsIMYyHo
3aBUCUT OT TOrO, KAKOE KOMMYECTBO OTPULIATENBbHBIX OTBETOB Bbl CMOXETE 3aMEHWUTb MOMNOXUTENBHBIMMU.

MpoBeaunTe HeGOMbLLONV NPeABaPUTENbHbIA aHanma:

B BHyTpeHHWUII guameTp KOHHEKTOpa XMAKOCTHOTO Hacoca paBeH BHYTPEHHeMY OMaMEeTPy LUMAHTOB, MOAKITHOYEHHbIX K

BHELLHeln cucteme?

l LWnaHri n KOHHEKTOPbI XOPOLLO U30NMPOBaHbI?

I Bce wnaHrv nmetoT AnuHy He 6onee 3m B 060oux HanpasneHusix. Ecnu HET, To Bbl MICNOMb3yeTe BMECTO HUX M30NUPOBaHHbIE

XecTkune Tpybbl N3 HepXxaBetoLen cranu?

I KoHHeKTOpbI Ballel BHELLHEN CMCTEMBI (Kak MPaBuIo, peakTopa) MMEKT TakoW e BHYTPEHHWI AMaMeTp, Kak LnaHrm?

B [nsa BHewHelN cucTembl Bbl UCMOSb30Bany onumio «oeHTudmkaums napameTpoB» B MeHto 6roka ynpaeneHus Unistat®
Pilot?

I YcraHoBneHo ontTuMarnbHoe 3HaYeHUe CKOPOCTU Hacoca? (B TepMocTaTax ¢ Takow dpyHKLMei)

OTBeTbl MOpPOXAAOT APYroii, HE MEHEE MHTEPECHbBIN BOMPOC:

Mo4yemy HeoGxogumo ncnonb3oBatb Unistat®, a He 6onee AelweBbIN TPAAULMOHHBLIN TEPMOCTAT C OTKPLITOW BAHHOW?
Yem 31O BbIrogHee ansi Bac?

| [uanasoH pabouei TemnepaTtypbl UCMOMb3yeTCs B NOTHOM 06beMe, 0COBEHHO TEMMEPAaTYPbl HKHEN rpaHULbl AManasoHa.
KpvBas oxnaxaeHus He CTaHOBUTCH aCUMMTOTOM [0 TeX Mop, Nnoka He AOCTUTHYTO 3aaHHoe 3HayeHue (KMnveBoe CroBo:
yAenbHas MOLLHOCTb OXNaXAeHWs).

I B cpaBHeHun ¢ Apyrumu LMpKynsitopamu, npu ucrnons3oBaHumn Unistat® notpebnexune oxnaxgatoLeri Bogbl CoOKpallaeTcst
Ha 2/3.

I MuHumanbHbIi 06beM 3anonHeHus Unistat® o3HadaeT, YTo Ansa 3anonHeHus camoro npubopa Bbl ByaeTe Mcnonb3oBaTh
ropasgo MeHblUe TEMNSOHOCUTENS, NPY 3TOM MAOTHOCTb MOLLHOCTU OXnaxaeHust OyaeT noBbllaTbcsl aBTomatmyecku.the
cooling power density rises automatically.

I VicnonbsoBaHue xuakoctn Dw-Therm no3sonset pa6oratb B AnanasoHe ot -90°C ao +200°C 6e3 cMeHbl TEeNNOHOCUTENS.
Tenepb Bbl MOXeTe NpuobpeTaTtb TONBbKO OAMH TEMOHOCUTENb.

| Hawwu HoBble ynyullEHHbIE M30MMPOBaHHbLIE LUMAHIM NMOMOrYT MPeaoTBPaTUTL HeXenaTeribHOe MOHWKEHWE OaBNeHus B
cucteme. B pesynbrate CKOPOCTb MOTOKa BO BHELLHIOK CUCTEMY YBEMNUYUTCH, HECMOTPS Ha OTCYTCTBME OFPOMHBIX HACOCOB,
BblpabaTbIBaloLLMX TEMNMO, KOTOPOE B CBOK OYEPELb CHUXKAET MOLLYHOCTb OXNaXAeHus. OTO MMEET OCOBEHHO BaXHOe
3HayeHne nMpu paboTe Ha HWU3KMX Temnepatypax pabodvero avanasdoHa. Pesynbrar: 3KOHOMMUS SHepruu, 3aBeplueHune
npouecca 3a bonee KOpOTKMI MPOMEXYTOK BPEMEHU, YEM 3TO ObINIO BO3MOXXHO paHee.

B Mpeumywectea Unistat®: oTcyTcTBME MCMApPEHWn C MOBEPXHOCTM BaHHbI M OKUCHEHWUS TennoHocuTens. MNpu pabote
npubopa Ha HU3KUX TemnepaTypax Oaxe B Te4YeHMe MNPOLOSPKUTENbHOMO BPEMEHW He mpoucxoaut abcopbumm Bnarv
TennoHocuTeneM. SKOHOMWUSI OrPOMHOIO KOMMYeCTBa AeHer U BpeMeHu obycrnaBnuBaeTcs OTCYyCTBUEM HeoBXoaAMMOCTU
YTUNN3MPOBaThL UCMONb30BaHHBIN TEMMOHOCUTENMb.

B Wcnonbaysa npucopsl HUBER c HaTypanbHbIMM XJlafaareHTamu, Bbl HE OCTaBIIsieTe LLaHCOB NapHukoBomy addpekty. C 1993
roga, 3a 6 net go ocduumnansHoro 3anpeta, komnaHna HUBER gobpoBonbHo npekpatuna ucnons3oBaHne CFC n H-CFC
(PpEOHOB 1 CTana NepBoW KoOMMNaHWEN, MPOU3BOAsLLEN NPUOOPbI C 030HOCOEpEerarLLIMMK XnagareHTamu (xnagareHtamm
«MpoCTON 3ameHbl»). CerogHs, B NnpeaaBepumn HOBOro 06CyXAEHUs OrpaHNYeHnn B Lensax 3awmuTbl 030HoBoro cros, HU-
BER, kak 1 npexae, Ha 6 neT paHbLue, npeanaraeT akonornyecku 6esonacHoe peLueHne Ans BallnX BIOXEHUN.

l TocnegHee n camoe BaxkHoe: Balla paboTa ByaeT npoTekaTb 3HaYUTENBHO ObicTpee!
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Bbl BCe npaBUNbHO YCTaHOBUNN?

Takum 06pa3omM, OTBETOM Ha pa3MbILLIIEHNS O NpeuMyLLecTBax ucnonb3oBaHus Unistat® 6yaeT SKOHOMUYHOCTb M 3Konornyeckas
©e3onacHoCTb.

MpoBeanTe cpaBHeHWE pe3ynbTaToB UCCNEA0BaHNUIA 1 Bbl OOHapPYXXUTE CYLLECTBEHHbIE pasnuuus mexay Unistat® n gpyrvumm
TepMocTaTaMy C TakoW ke MOLLHOCTbIO OXNaXaeHUs.

OTKyAa 3TN pasnuumna?... [aBauTe CHoBa oGpa‘mmcﬂ K npumMmepam npakTu4eckoro npuMeHeHus:

B nepBon ycTaHOBKE Mbl WCMOMb30BanyM W30NUpOBaHHble wWnaHrm M16x1 (#6084). Btopas ycTaHOBKa BbIMOMHEHA C
ncnone3oBaHmem wnaHroB M24x1,5 (#9325). B oboux cnydasx Mbl MCMONb30BanyM OAWMH U TOT Xe CTEKMNSAHHbIN peakTop.
MoxanyncTa, cpaBHUTE rpadvikn, 1 Bbl YBUAUTE pasHULy BO BPEMEHM, 3aTPayeHHOM Ha BbIMOMHEHWE paboTbl Kaxaon 13
cucTem.

YT06bI NOATBEPANTE NOMYYEHHbIV PE3YNbTaT, Mbl U3MEHWITM KOMMNIEKTaLMI0 CUCTEM U MCMOb30Banu peakTop ropasgo oonbluero
obbema. D10 namMeHeHne NoaTBEPANIIO 3hEKTUBHOCTL BO3AENCTBUSA BbICOKOW YAEMNbHOM MOLLHOCTM oxnaxaeHns Unistat®.

Kakoe 3Ha4yeHue aTo MMeeT Ans Bac, kak Ansa nonb3osatena? [lasavite paccMOTPUM AaHHbIA npuMep noapobHee...

YTo Takoe yaenbHaA MOLHOCTb OXNaXaeHus?

Lintata: «3TO OTHOLUEHME MOLLHOCTM OXNaXaeHusi K obbemy 3arnofiHeHVUs1 MpWU 3adaHHOM Temrepatype U yKasaHHOM
obbeme 3anonHeHus, rae o6bem 3anonHeHus — 3T0 00beM TennoHOCUTENS, HEODXOANUMOro Ans 0ObI4HOro UCMONb30BaHUS
nabopaTopHoro LMpkynsitopa, 6e3 yuyeta oGbema TENNOHOCUTESNS BO BHELLHUX KOHTYpax».

[ocTynHaa MOLLHOCTb OXIaXOeHUsi BCerga ykasblBaeTCsl C pacyeToM Ha MakCMMarbHYH CKOPOCTb Hacoca. Ecnn Obl Mbl
yKasblBanu 3Ha4YeHWe MOLLHOCTU OXMaXOEHWUS, CKaXem, Mpu cpedHen CKOpOCTW, TO 3TU AaHHble faBanu Gbl HEBEpHOe
npegcTaBneHne o 4OCTYMNHOW MOLLHOCTY OXNaxaeHus. Yem Gonblue MOLHOCTb Hacoca, TEM MEHbLUE MOLLHOCTb OXMaXaeHUs,
[ocTynHas ans aeKTUBHOIO UCMONb30BaHMS.

Kakyio Bbirogy s Mory U3Briedb U3 BbICOKOW yaenbHOW MOLHOCTU OXNaXaeHus?

Mpu ucnonb3oBaHun Unistat® ¢ BbICOKOW yAEnbHOW MOLLHOCTBIO OXMaXAeHUsi, BaM He MPUAETCA oxnaxaaTb U HarpesBaTb
M3WLLHIO Maccy Ans OOCTUMXKEeHUs 3ajaHHOro 3Ha4YeHus!, brnarogaps MuHUMansHoMy o6beMy 3anonHeHns npucopa, pyoatuku
1 LUNAHroB.

O6paTtnTe BHMMaHME HACKONbKO MUHMManeH obbem 3anonHeHus npubopos Unistat®. C nogpobHon uHdopmaumen u
TEXHUYECKUMU XapaKTepPUCTUKaMU Bbl MOXXETE 03HAKOMUTLCS Ha HalleM cainTe. Cpeau Nnpodmx NpUMepoB Ha caliTe npeacTaBneH
Unistat® Tango ¢ BHyTpeHHMM 06bemMoM 3anonHeHus Becero 1,5 n; gaxe obbem 3anonHeHus cpeaHero Unistat® He npeBbiwaeT
5n.

Mpumep AnA BblYMCNEHUs:

O6bem 3anonHeHns Unistat® 910w 4,3 n, MoLLHOCTb oxnaxaeHus 5,3 kBT npu temneparype -20°C. 3HauuT, yaenbHas MOLHOCTb
oxnaxpgeHusa Unistat® 910w coctaenset 1210 Bt/n. MNMpounsseas aHanornyHble pacyetsl Ana Unistat® 680w, onpegensiem, 4to
npv MoLHocTy oxnaxaenus 130 kBT npu temnepatype 0°C n MuHMmMansHoM oobeme 3anonHeHus 40, yaenbHas MOLHOCTb
oxnaxaeHus npubopa coctasnset 3250 B1/n.

[ns Toro, 4tobbl y6eanTbcs B 3 HEKTUBHOCTN (DUHAHCOBbLIX BIOXEHWIN, BaM HEOGX0AMMO PacCMOTPETb HECKOIBKO MapaMeTpoB,
0OfHaKo, B Ka4eCTBe OCHOBHOIO hakTopa Bcerga paccMatpuBanTe yaenbHy MOLHOCTL oxnaxaeHns (BT/n). 3To eqUHCTBEHHbIN
rnokasarenb, ABMSOLWMNCA JOCTOBEPHLIM OCHOBAHWEM Afsi CPABHEHUSA OXMOAEMbIX MOKa3aTernen cucTeMsl.

*DIN 12876-1

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions. www.huber-online.com
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Bbl BCe npaBUNbHO YCTaHOBUNN?

He6onblioe TexHu4Yeckoe OTCTynreHne, NnosicHAKLWee, No4YeMy Mbl AenaemM 1o, 4YTO Aenaem...

OpHoWM 13 camblX pacnpOCTPaHEHHbIX MPUYMH HU3KOW Tennonepeaayn 1 HeyCTOMYMBOro TEMNEPATYPHOro KOHTPONS SBNSAETCA
Mcnonb3oBaHne HeaPEKTUBHBIX HACOCOB, Y3KMUX UITN OrPaHNYMBAIOLLNX BHYTPEHHUN OANAMETP COEAMHUTESbHbIX LUMAHIoB, a
Takke KOHUrypaums BHELLHEro kpyroobopoTta TenoHOCUTENS.

IMOHSITHO, YTO yXXe CO3[aHHble HACOCbl M BHELLUHUA KPYrooGopoT TEnnOHOCUTENs HEBO3MOXHO W3MEHWUTb C JIErKOCTbHO,
0ocobeHHO B crny4ae, korga pedb UOET O KOHCTPYKLUM CaMOW BHELLUHEW CUCTEMbI, OLHAKO, MOUCK BO3MOXHbLIX U3MEHEHUI C
Lienbio YBENUYEHUS CKOPOCTU MOTOKa TEMMOHOCUTENS MOXET NMPYBECTU K 3aMETHOMY MOBbLILUEHUIO MPOW3BOAUTENBHOCTM
cucTeMbl. Halwm Hacockl cneumnarnbHO OCHaLLEHbl COEAMHEHUSIMU C TaKUM AMAaMETPOM, KOTOPbI rapaHTUpYeT MUHUMAaIbHOe
COMpPOTMBIEHME MOTOKA MPU €ro MakCcMMarnbHOW CKOpocTu. BeicTpas n npocTas npoBepka no3sonsieT yoeauTtecs B TOM, YTO
OnameTp coeamHUTENbHbIX LUMAHrOB TOYHO COBMadaeT C AMaMeTpoM coeduHeHur Hacoca Unistat® n Bamu mcnonb3yrotcst
[EeNCTBUTENbHO NOAXOAALLME LLNaHIN.

OpfHo M3 pacnpocTpaHeHHbIX 3abnyKaeHne 3akniodaeTcs B TOM, YTO BaKHOE 3Ha4YeHUe UMeeT TOMbKO BbICOKOE AaBneHue
Hacoca. OpgHako, 310 He BepHO! Mbl cTpeMMMCS K TOMY, YTOObl MOLLHOCTb OXJaXAEHWST KOHLEHTPUPOBanack MMEHHO TaMm,
roe 910 HeobxoauMMo, a UMEHHO B npouecce. Mbl cTpeMumcst o6ecnedmTb MakCUMarnbHO BbICOKYHD CKOPOCTb MOTOKa Mpu
MWHMManNbHO BO3MOXHOM AaeneHuun. (Q=m*cp*DeltaT).

BO3MOXHOCTb MCMOMb30BaHNA CTEKNSHHOrO 060pyAoBaHWA € MakcuMalnbHbiM pabounm gasneHnem 0,5 Gap Takke
XapaKTepu3ayeT ypoBeHb HaLlelr TeXxHonoruu. Vicnonb3ysi AONONHUTENbHbIV BHeLLHWI 6annac (VPC), Mbl MOXeM KOHTponunposaTb
AaBreHne HenoCcpeaCcTBEHHO B YyBCTBUTENBHOW BHELLHEN CUCTEME M NOAAEPXKMBATL XN3HEHHO BaXXHYIO CKOPOCTb NoToka. Mel
pagbl, 4TO MOXem obecrnednTb BbICOKY CKOPOCTb MOTOKa B BalLEW BHELLHEN cucteme. AT OCHOBHbIE TepMOAMHAMUYECcKne
XapakTepucTvku npucyLm Bcem npubopam HUBER.

B npegctaBneHHbIX HWXe npuMepax Mbl NOMbITANUCb AOCTWYb ONTUMANbHBIX COYETaHWM C YY4ETOM pearnbHbIX YCIOBUNM,
BCTPEYaloLLMXCH Ha NpaKTuKe. 3TO NO3BOMUT BaM YBMAETb, YEro MOXHO AOCTNYb NPY MOMOLLM Pa3fMYHbIX COYETaHNI peakTopa
1 npubopa. MIaMeHeHns yCTaHOBKM HEN3OEXHO BIEKYT 32 COOOW M3MEHEHNSI NPOM3BOAUTENBHOCTU CUCTEMBI. Mbl HE MOXEM
rapaHTMpoBaTb aHanorMyHON MNPOU3BOAMTENBHOCTM Ballen CUCTEMbI, €Cnv Bbl McMonb3yeTe Apyroe obopyaosaHue. Mol
coxpaHsieM 3a coboi NpaBo BHOCUTb U3MEHEHNSA B CneLudmKaLiMm BCrie4cTBUE NOCTOSHHOTO TEXHUYECKOro COBEPLUEHCTBOBaHMS
obopynosaHus. Mbl npunaraem Bce ycunus, 4Tobbl o6ecneynTe JOCTOBEPHOCTb M TOYHOCTb MHADOPMALIMK, CoAepXaLlencs B
AaHHOM COOpPHYMKe, OAHaKO Mbl HE HECEM OTBETCTBEHHOCTU 33 BO3MOXHbIE OLLUMGKMN.

Mbl 6yaem pagpbl, ecrniu Bbl 3ax0TUTe MPeAcTaBUTb HaM MHAOPMALMIO O MPaKTUYECKOM MPUMEHEHUN BHELLHWX CUCTEM,
nofo6HbIX Tem, KOTOpble Bbl YBUAMTE B AaHHOM cbopHuke... It takes two to Tango!

www.huber-online.com Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.
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Unistat®
petite fleur

Headline???

Requirement

This case study examines the lowest achievable
process temperature that the Petite Fleur can take
the contents of a 0.3-litre un-insulated reactor.

Method

The Petite Fleur (Baby Tango) was connected to the
reactor via two 1-metre insulated metal hose. The
reactor was filled with 0.2 litre Ethanol. A set-point
of -40 was entered and the system left to run to its
lowest achievable temperature.

Results
The Baby Tango shows that it is very efficient at
transferring thermal energy and cools the process
to -31 °C. The heat-up curve also demonstrates the
power-transfer capabilities and results tight process
control.

Setup details

Petite Fleur & Picoclave

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:

Reactor:

Reactor content:
Stirrer speed:
Control:

-40...200 °C

0.48 kW @ 200...0 °C
0.27 kW @ -20 °C

1.5 kW

2x1 m; M16x1 (#9608)
DW-Therm (#6479)
0.3 litre un-insulated
glass pressure reactor
200 ml Ethanol

900 rpm

process

= Jacket temperature

=== Process temperature

m— Setpoint

(=)

fa

Temperatur in [°C]

--Jacket-ramp rate >1.8

iK{miﬂ

12:00:00 12:10:00 12:20:00

1Z£4Iﬂ:llil

'IZ:EIﬂ:ﬂﬂ 13:0-h:t_li]

Zeit in [hh:mm:ss]

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.
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Case Study CS 1027

Setup details

Petite Fleur & Blichi Ecoclave

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:

Reactor:

Reactor content:
Stirrer speed:
Control:

-40...200 °C

0.48 kW @ 200...0 °C
0.27 kW @ -20 °C
1.5 kW

2x1 m; M16x1
Ethanol (#9608)

300 ml un-insulated
glass pressure reactor
0.25 litre

~ 600 rpm

process

Unistat®
petite fleur

Controlling a Biichi Ecoclave

Requirement

This case study looks at the ability of the Uni-
stat® Petite Fleur to control the process tem-
perature in a 1-litre “Blchi Ecoclave” between
20 °C and -20 °C

Method

The Blichi Ecoclave and Unistat® Petite Fleur
are connected with two 1-metre insulated
metal hoses. The Bulchi Ecoclave is filled with
0.5 litre of Ethanol and Ethanol is used as the
HTF.

Results

The graphic shows the outstanding perform-
ance of the Petite Fleur cooling the contents
of a 0.3 litre jacketed glass Blichi Glas Ecoclave
through 40 K from 20 °C to -20 °C and back
again. The “Baby Tango” is truly a powerful
performer. All data is recorded with the pump
on MAXIMUM speed.

Jacket temperature
Process temperature

Setpoint

Temperatur in [*C]

e e e e

15:00:00

www.huber-online.com

15:05:00

—=
15:10:00

19.11'::00 ;
Feit in [hh:mm:ss]

T T
15:20:00 15:25:00

-
15:30:00

- T
15:35:00  15:40:00 15:45:00 15:50:00

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.
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Case Study CS 1028
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Unistat®
petite fleur

Headline???

Requirement

This case study looks at the repeatability of
control as the Unistat® Petite Fleur cycles the
process temperature of a 2-litre un-insulated
glass reactor.

Setup details

Method

The Unistat® Petite Fleur is connected to the
reactor with two insulated metal 1-metre
hoses. The Petite Fleur is then programmed to

Cooling power:

Heating power:

cycle between low and high temperatures. Hoses:
HTF:
Results Reactor:

The repeatability of precise control can be seen
as well as the minimum achievable process
temperature. Each cycle is identical giving the
operator the confidence of predictable per-
formance.

Stirrer speed:
Control:

Petite Fleur & Schlee GmbH

Temperature range:

Reactor content:

-40...200 °C

0.48 kW @ 200...0 °C
0.27 kW @ -20 °C

1.5 kW

2x1 m; M16x1 (#9608)
Ethanol

0.5 litre un-insulated
glass reactor

375 ml M90.055.03
(#6259)

160 rpm

process

m—— |3cket temperature

== Process temperature

m— Setpoint

Temperatur in [*C]

14:30:00 14:35:00 14:40:00 14:45:00° 14:50:00 14:55:00

15:00:00 15:05:00 15:10:00 15:15:00 15:20:00 15:25:00

Zeit in [hh:mm:ss]

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.
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Case Study CS 1029

Setup details
Petite Fleur & Buchi Picoclave

-40...200 °C
0.48 kW @ 200...0 °C
0.27 kW @ -20 °C

Temperature range:
Cooling power:

Heating power: 1.5 kW

Hoses: 2xTm; M16x1 (#9325)

HTF: Ethanol

Reactor: 0.3 litre un-insulated
jacketed glass pressure
reactor

Reactor content: 0.2 litre Ethanol

Stirrer speed: 900 rpm

Control: process

Unistat®
petite fleur

Controlling a Biichi Picoclave

Requirement

This case study looks at the repeatability of
control as the Unistat® Petite Fleur cycles the
process temperature of a Blichi Picoclave.

Method

The Unistat® Petite Fleur is connected to the
reactor with two insulated metal 1-metre
hoses. The Petite Fleur is then programmed to
cycle between low and high temperatures.

Results

The new Unistat® “Petite Fleur” brings the
Tango Technology at a lower cost to smaller
reactors. The graphic shows the performance
of the Petite Fleur when connected to a 0.3-li-
tre Blchi Glas Picoclave demonstrating the
lowest achievable process temperature and the
rapid ramping rate over a temperature change
of 30 K from 20 °C to -10 °C. All data is re-
corded with the pump on MAXIMUM speed.

e S S N X TS R 3 0%
O OR R Mmoo DR E D DO R E@D

Temperatur in [°C]
G M kRO E @D

Py
B O

A6

I
'
e o
'
!

'
¥

= Jacket temperature
Process temperature

Setpoint

12:00:00  12:15:00  12:30:00

www.huber-online.com

12:45:00

13:00:00

Zeit in [hh:mm:ss]
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Case Study CS 20

Version: 9/2009

Unistat®
Tango Nuevo

Power vs. Power Transfer

Requirement

This study is to demonstrate that thermal trans-
fer is THE key component in temperature con-
trol. In this case study we compare a Unistat®
Tango Nuevo to a more powerful machine.
Both systems were tested under identical am-
bient conditions and using the same peripher-
als (insulated reactor, HTF etc.).

The technical data is taken from published ma-
terials in the public domain and is in accord-
ance with DIN 12876.

Method

The units were fitted to a 1-litre un-insulated
glass pressure reactor with M24x1.5 hoses.
The HTF system (thermostat, tubing & reactor
jacket) was filled with DW-Therm and the reac-
tor contained 0.75 litre of “M90.055.03" sili-
con oil (Specific heat capacity of 0.36 kcal / kg
°C) to act as a thermal load/process simula-
tion.

Results

The results clearly demonstrate that the
power transfer from the (pseudo) “dynami-
cally sealed” system is inefficient resulting in
slower ramp rates despite having nearly twice
the (published) cooling power of the Tango
Nuevo.

However, we were surprised at the gap in per-
formance and investigated further.

The causes for such large losses can partially be
seen in the pump specification in having high
pressure yet low flow rate. Moisture absorption
into the HTF during the operation of the “dy-
namically sealed” system via “breather” and
“venting” valves may have caused ice build-up
on the evaporator impairing performance. We
were unable to confirm the published cooling
power of the “dynamically sealed” system in
tests carried out by certified refrigeration spe-
cialists.

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.
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Case Study CS 20

Unistat® Tango Nuevo:

Temperature range: -45...250 °C

Cooling power: 0.7 kW @ 250 °C...0 °C
0.4 kW @ -20 °C

Pump: 0,9 bar max., max. 55 I/min

(Pseudo) Dynamically Sealed unit:

Temperature range: -45...250 °C

Cooling power: 1.2 kW @ 250 °C...0 °C
0.5kw @ -20°C

Pump: 1.6 bar max., max. 33 I/min |:




Case Study CS 1 huber

Version: 9/2009

1 ® Setup details
U n IStat Unistat® Tango Nuevo & DDPS reactor

[ | o =
Ta n g o N u evo Temperature range: -45...250 °C . ==
Cooling power: 0.7 kW @ 250...0 °C
Exothermic reaction at 20 °C in a 2-litre re- ) 0.4kw@-20°C k
actor Heating power: 1.5 kW /3 kw H
Hoses: 2x1 m; M24x1.5 < 1
Requirement ) (#9325)
This case study looks at the response capability HTF: ) DW'Them? (#6479) 1'
of the Unistat® Tango Nuevo and the resulting Reactor: 2|I|tre un-insulated T o
impact on process temperature control. 9 asg pressure reactor : JH
Reactor content: 1.5 litre M90.055.03
Method . (#6259)
Stirrer speed: 200 rpm

The Unistat® Tango Nuevo was connected to
a 2-litre un-insulated glass reactor using two
1-metre insulated metal hoses. The reaction
was simulated using an electric heater placed
inside the ractor contents.

Control: process

Results

An exothermic reaction of 50 W (43 kcal / hr)
is simulated with an immersion heater at 20 °C
in an un-insulated 2-litre glass reactor. The
process curve shows how fast the Unistat®
Tango Nuevo compensates for a sudden rise
in process temperature. The rapid generation
of a wide AT to induce heat flow to bring the
simulated reaction under control can be seen
in the response curves.
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Case Study CS 19

Unistat®
Tango Nuevo

Heating and Cooling Ramps with a 1-litre
Biichi reactor

Requirement

This case study looks at the speed at which the
Unistat® Tango Neuvo can heat and cool the
process in a 1-litre un-insulated glass pressure
reactor.

Method
Using two large diametre (M24x1,5 DN12) in-
Setup details sulated metal hoses, the reactor was connect-
Unistat® Tango Nuevo & Bichi reactor ed to the Unistat® Tango Nuevo. The reactor
(buchiglasuster) was filled with 0.75-litre of “M90.055.03", a
Huber supplied silicon based HTF.
Temperature range: -45...250 °C
Cooling power: 0.7 kW @ 250...0 °C Results
0.4 kW @ -20°C Efficient thermal transfer made possible by
Heating power: 1.5 kW the low flow resistance of the wide bore tu-
Hoses: 2x1 m; M24x1.5 bing coupled with the highly efficient thermal
(#9325) transfer capabilities of the Unistat® Tango
HTF: DW-Therm (#6479) Technology results in a rapid ramping rate
Reactor: 1 litre un-insulated glass  and extremely stable control. The diagram illu-
pressure reactor strates a heating curve from 20 °C to 180 °C
glass pressure reactor in a time of 37 minutes and back to 20 °C in
Reactor content: 0.75 litre M90.055.03 38 minutes. The process temperature reached
(#6259) both set-points without any overshoot demon-
? " i Stirrer speed: 500 rpm strating the capability of the controller to ramp
Control: process temperatures with speed and accuracy.
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Case Study CS 22

Version: 9/2009

Unistat®
Tango Nuevo

Heating and Cooling ramp, 1-litre Glas-
Keller reactor

Requirement

This case study looks at how well the Tango
Nuevo controls the process temperature inside
a 1-litre reactor.

Method

Using two large diametre (M24x1,5 DN12) in-
sulated metal hoses, the reactor was connect-
ed to the Unistat® Tango Nuevo. The reactor
was filled with 0.75-litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

Efficient thermal transfer made possible by
the low flow resistance of the wide bore tub-
ing coupled with the highly efficient thermal
transfer capabilities of the Unistat® Tango
Technology results in a rapid ramping rate and
extremely stable control.

Setup details
Unistat® Tango Nuevo & Glas Keller reactor

Temperature range: -45...250 °C
Cooling power: 0.7 kW @ 250...0 °C

0.4 kW @ -20 °C
Heating power: 1.5 kW /3 kW
Hoses: 2x1 m; M24x1.5 (#9325)
HTF: DW-Therm (#6479)
Reactor: 1 litre vacuum insulated

jacketed glass pressure

reactor

Reactor content: 1.5 litre M90.055.03
(#6259)

Stirrer speed: 200 rpm

Control: process
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Case Study CS 5

Setup details
Unistat® 405w & HWS reactor

Temperature range: -45...250 °C

Cooling power: 1.3kWw @0 °C
0.7 kW @ -20 °C
Heating power: 1.5 kW /3 kW
Pump speed: 3300 rpm
Hoses: 2x1 m; M24x1.5
(#9325)
HTF: DW-Therm (#6479)
Reactor: 5 litre glass reactor
Reactor contents: 3.75 litre M90.055.03
(#6259)
Reactor stirrer speed: 200 rpm
Control: process

Unistat® 405w

Periodic and Aperiodic difference

Requirement

A standard feature of the “Unistat® Pilot” is
to choose “fast, small overshoot” or “without
overshoot” when reaching a setpoint.

This case study looks at the ability of the Uni-
stat® 405w to control the process tempera-
ture in a 5-litre HWS un-insulated glass reactor
underthese two different control dynamics,
“Fast-with overshoot” or “No overshoot”.

Method

The reactor and Unistat® 405w are con-
nected using two 1-metre insulated metal
hoses and the reactor is filled with 3.75 litre of
“M90.055.03", a silicon based HTF. The Uni-
stat® controls the temperature at 20 °C and
then a new set-point of 0 °C is entered.

Results

The graphic shows the differences in perform-
ance between these settings. In this test the
Unistat® 405w is programmed to alternate
between 20 °C and 60 °C. The first process
curve (fast, small overshoot) reaches 60 °C in
just 25 minutes with the second process curve
(without overshoot) takes 31 minutes to reach
the setpoint. It can be seen that the overshoot
is very minimal in the “fast, small overshoot”
mode.
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Case Study CS 4

huber

Version: 9/2009

Setup details
Unistat® 405w & HWS reactor

Unistat® 405w

5-litre HWS glass reactor Temperature range: -45...250 °C

Cooling power: 1.3kW @0 °C
Requirement 0.7 kW @ -20 °C
This case study looks at the ability of the Uni- Heating power: 1.5 kW /3 kW
stat® 405w to control the process temperature Pump speed: 3300 rpm
in a 5-litre HWS un-insulated glass reactor. Hoses: 2x1 m; M24x1.5

(#9325)

Method . HTF: DW-Therm (#6479)
The reactor and Unistat® 405w are con- Reactor: 5 litre glass reactor

nected using two 1-metre insulated metal
hoses and the reactor is filled with 3.75 litre of

Reactor contents:

S i (#6259)
“M90.055.03", a silicon based HTF. The Uni- Reactor stirrer speed: 200 rpm
stat® controls the temperature at 20 °C and Control: process

then a new set-point of 0 °C is entered.

Results

The process reaches 0 °C from 20 °C in just 17
minutes with no under or overshoots of the
process set-point temperature. It is clearly seen
how the jacket temperature rapidly ramps the
jacket first down to pull the process towards
target temperature then back up so the pro-
cess temperature meets exactly the set-point.

3.75 litre M90.055.03

Temperature in [*C]

m—— |3cket temperature

Time in [hh:mm:ss]

ATk s
== Process temperature
I m— Setpoint
e oo
-
06:30:00 06:35:00 06:40:00

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.
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Case Study CS 1005

Setup details
Unistat® 405w & Glas-Keller reactor

Temperature range: -45...250 °C
Cooling power: 1.3 kW @ 250...0 °C

0.7 kW @ -20 °C

Heating power: 1.5 kW /3 kW

Pump speed: 3300 rpm

Hoses: 2x1 m; M24x1.5
(#9325)

HTF: DW-Therm (#6479)

Reactor: 1 litre jacketed glass
reactor

Reactor contents: 0.75 litre M90.055.03
(#6259)

Reactor stirrer speed: 200 rpm

Control: process

Unistat® 405w

Heating and cooling a Glas-Keller 1-litre
glass reactor

Requirement

This case study examines the fast response of
a Unistat® 405w controlling the process tem-
perature inside a 1-litre un-insulated glass re-
actor from the company “Glas-Keller” under
two different control dynamics, “Fast-with
overshoot” or “No overshoot”.

Method

The Unistat® 405w is connected to the Glas-
Keller 1-litre reactor with two 1-metre insulat-
ed metal hoses. The reactor is filled with 0.75
litre of “M90.055.03", a silicon based HTF.

Results

The first curve allow a small overshoot while
the second two are “without overshoot”. It
can be seen that even allowing for an over-
shoot, the control is so tight the overshoot in
the first curve is negligible.

Temperature in [°C]
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=== Process temperature S

m— Setpoint
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Case Study CS 1006

huber

Version: 9/2009

Setup details
Unistat® 405w & Glas-Keller reactor

Unistat® 405w

Cooling a Glas-Keller 1-litre reactor from

”

»
B

Temperature range: -45...250 °C
20°Cto-20°C Cooling Power: 1.3 kW @ 250...0 °C
. 0.7 kW @ -20 °C
Requirement Heating Power: 1.5 kW /3 kW
This case study examines the fast response of Pump speed: 3300 rpm
a Unistat® 405w controlling the process tem- Hoses: 2x1 m: M24x1.5
perature inside a 1-litre un-insulated glass re- (#9325)
actor from the company “Glas-Keller”. HTF: DW-Therm (#6479)
Reactor: 1 litre jacketed glass
Method reactor
The Unistat® 405w is connected to the Glas- Reactor contents:  0.75 litre M90.055.03
Keller 1-litre reactor with two 1-metre insula- (#6259)
ted metal hoses. The reactor is filled with 0.75 Reactor stirrer speed: 200 rpm
litre of “M90.055.03", a silicon based HTF and Control: process

controlled from a process sensor located inside
the reactor.

Results

It can be seen that the Unistat® 405w quickly
cools the jacket temperature to to rapidly
cool the process to -20 °C from 20 °C. The
process reaches the new set-point rapidly with
negligible overshoot before being controlled
precisely at -20 °C The ramp rate over the tem-
perature change is almost linear at an average
speed > 2.8 K/ min taking 14 minutes to reach
-20 °C.
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Case Study CS 1007

Setup details
Unistat® 405w & Glas-Keller reactor

-45...250 °C
1.3 kW @ 250...0 °C
0.7 kW @ -20 °C

Temperature range:
Cooling power:

Heating power: 1.5 kW /3 kW

Pump speed: 3300 rpm

Hoses: 2x1 m; M24x1.5
(#9325)

HTF: DW-Therm (#6479)

Reactor: 1 litre vacuum jacketed

glass reactor

Reactor contents: 0.75 litre M90.055.03

Unistat® 405w

Cooling a 1-litre reactor to Tmin

Requirement

This case study determines the minimum pro-
cess temperature that can be achived in a 1-li-
tre Glas-Keller jacketed reactor with a Unistat®
405w under “process” control.

Method

The Unistat® 405w is connected to the Glas-
Keller 1-litre reactor with two 1-metre insulated
metal hoses. The reactor is filled with 0.75 litre

(#6259) 5 R
Reactor stirrer speed: 200 rpm of "M90.055.03", a silicon based HTF.
Control: process
Results
At first the Unistat® 405w rapidly cools the
jacket temperature before the ramp rate slows
and finally asymptoting at -41 °C cooling
the process to its minimum temperature of
-39 °C.
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Case Study CS 1009

huber

Version: 9/2009

Unistat® 405w

Heating & cooling a Glas-Keller 1-litre
jacketed glass reactor between 20 °C and
180 °C

Requirement

This case study looks at the response to a wide
set-point change in the process contained
within a 1-litre Glas-Keller reactor.

Method

The Unistat® 405w is connected to the Glas-
Keller 1-litre reactor with two 1-metre insulated
metal hoses. The reactor is filled with 0.75 litre
of “M90.055.03", a silicon based HTF.

Results

The process is ramped through 160 K (20 °C
to 180 °C within 40 minutes, ramp rate
> 4 K/ min). The cooling curve ramps at a rate
of 5.3 K/ min changing from 180 °C to 20 °C
(160 K) in approximately 30 minutes.

Setup details

Unistat® 405w & Glas-Keller reactor

Temperature range:
Cooling power:

Heating power:
Pump speed:
Hoses:

HTF:
Reactor:

Reactor contents:

Reactor stirrer speed:
Control:

-45...250 °C
1.3 kW @ 250...0 °C
0.7 kW @ -20 °C

1.5 kW /3 kW

3300 rpm

2x1 m; M24x1.5
(#9325)

DW-Therm (#6479)

1 litre jacketed glass
pressure reactor

0.75 litre M90.055.03
(#6259)
200 rpm
process

200 4
190 4

180
170
160
150
140
130

Ll

[*C

104
100 4

a0 4

Termperature in

(o | ey e

e e

Lo b s Fileras R e o ey e T Ly i g o s e e e gt oy e s o e

sl

L

e B L e s P B PR (e e, £ e PR PR Rt

Wl Ef e e R SPIOteSsTampate s
s 4K mip st P

Rl O

4| e | m— Setpoint

m—— |acket temperature

20 e fese—rae e Process temperature

B Bt e

o [ A vy

e ,

| On the paint contro

s L=t SR

R R W

o e

R R R e

o anm ol

e el e o
S T R o

T PR ST
e e

= SR R—_—

07:50:00 08:00:00
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Case Study CS 1002

Setup details
Unistat® 405w & DDPS reactor

-45...250 °C
1.3 kW @ 250...0 °C
0.7 kW @ -20 °C

Temperature range:
Cooling power:

Heating power: 1.5 kW /3 kW

Pump speed: 3300 rpm

Hoses: 2x1 m; M24x1.5
(#9325)

HTF:
Reactor:

DW-Therm (#6479)
2 litre jacketed glass

Unistat® 405w

Cooling a DDPS 2-litre glass reactor to Ty,

Requirement

This case looks at the minimum temperature
that a Unistat® 405w can take the process in a
2-litre DDPS jacketed reactor under “process”
control.

Method
The Unistat® 405w was connected to the

reactor
Reactor contents: 1.5 litre M90.055.03 reactor using two 1-metre insulated metal
(#6259) hoses. The reactor was filled with 1.5 litre of
Reactor stirrer speed: 115 rpm “M90.055.03", a silicon based HTF.
Control: process
Results
Process temperature reaches -20 °C from
20 °C (40 K) within 23 minutes (1.7 K / min)
and asymptotes at -34 °C after 1 hour.
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Case Study CS 1003 Illllll!l'

Version: 9/2009

[ ] ® 0 .
U n IStat 4 5W fJitisl,jtgt%eZ?)ISI?/v & DDPS reactor

Cooling a DDPS 2-litre jacketed glass reac-
tor to -20 °C.

Temperature range: -45...250 °C

Cooling power: 1.3 kW @ 250...0 °C
. 0.7 kW @ -20 °C
Requirement Heating power: 1.5 kW /3 kW
This case study looks at the performance of a Pump speed: 3300 rpm
Unistat® 405w cooling a 2-litre glass reactor Hoses: 2x1 m; M24x1.5
from 20 °C to -20 °C (40 K) under “process” (#9325)
control. HTF: DW-Therm (#6479)
Reactor: 2 litre jacketed glass
Method reactor
The Unistat® 405w was connected to the Reactor contents: 1.5 litre M90.055.03
reactor using two 1-metre insulated metal (#6259)
hoses. The reactor was filled with 1.5 litre of Reactor stirrer speed: 115 rpm
“M90.055.03", a silicon based HTF. Control: process
Results
The ramp rate over the temperature change is

almost linear at an average speed > 1.7 K/ min
taking 23 minutes to reach -20 °C.

= Jacket temperature
== Process temperature

m— Setpoint

Termperature in [°C]

Ll s pul the process {0 s set-point

as fast as possible
R D D D D D D D D D D D D D o e DS S e Do DD
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Time in [hh:mm:ss]

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions. www.huber-online.com 129



— huber

30 |

Case Study CS 18

e o

»

Setup details

Unistat® 405w & 1-litre vacuum insulated

Asahi reactor

Temperature range:
Cooling power:

Heating power:
Pump speed:

Hoses:

HTF:
Reactor:

Reactor contents:

Reactor stirrer speed:
Control:

- i“:'-;._*#

4+

=

-45...250 °C

1.3 kW @ 250...0 °C
0.7 kW @ -20 °C

1.5 kW/3 kW

3300 rpm

2x1 m; M24x1.5
(#9325)

DW-Therm (#6479)

1 litre jacketed glass
reactor

0.75 litre M90.055.03
(#6259)

200 rpm

process

Unistat® 405w

1-litre vacuum insulated Asahi reactor

Requirement
This case study looks at the performance of a
Unistat® 405w when connected to an Asahi
1-litre vacuum insulated glass reactor and
compares the performance to a reactor with
no insulation.

Method

The Unistat® 405w is connected to the re-
actor using two 1-metre insulated metal
hoses. The reactor is filled with 0.75 litre of
“M?90.055.03", a silicon based HTF. The Uni-
stat® 405w was connected in its 3-phase op-
tion increasing the available heating power
from 1.5 kW to 3 kW.

Results

The set-point is changed from 20 °C to 180 °C.
The jacket temperature rapidly ramps bringing
the process temperature exactly to 180 °C in
29 minutes.

Unistat® 405w - Asahi reactor insulated:
This graphic shows the performace of Unistat® 405w working with an insulated 1-litre
glass reactor. It takes 29 minutes to reach 180 °C from 20 °C.
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Case Study CS 18 huber

Version: 9/2009

1 ® Setup details
U n IStat Unistat® Tango Nuevo wl & Radleys reactor
Ta n g O N u evo WI Temperature range: -45...250 °C

Cooling power: 0.7 kW @ 250...0 °C
1-litre Radleys reactor ' 0.4 kw @ -20 °C
Heating power: 1.5 kW /3 kW
Requirement Pump speed 3300 rpm =
This case study compares the heat up ramp of Hoses: 2x1 m; M24x1.5
an un-insulated reactor over the same range as (#9325)
the previous case study which used a vacuum HTF: DW-Therm (#6479)
insulated 1-litre reactor. Reactor: 1 litre jacketed glass
reactor
Method Reactor contents: 0.75 litre M90.055.03
The Unistat® 405w is connected to the reactor (#6259) ]
using two 1-litre insulated metal hoses. The re- Specific heat cgpauty of
actor is filled with 0.75 litre of “M90.055.03", , 0.36 keal / kg °C
a silicon based HTF. The Unistat® 405w was Reactor stirrer speed: 200 rpm

connected in its 3-phase option increasing
the available heating power from 1.5 kW to
3 kW.

Results

This graphic shows the performance of a Uni-
stat® Tango Nuevo. In this case the tempera-
ture range is the same but the glass reactor is
not insulated.

Insulated, the reactor heats to 180 °C from
20 °C in only 29 minutes to reach the required
temperature as compared to 32 minutes when
the reactor is un-insulated.

Unistat® Tango Nuevo - Radleys reactor un-insulated:
This graphic shows the performance of Unistat® Tango Nuevo working with an un-insulated
1-litre glass reactor. It takes 35 minutes to reach 180 °C from 20 °C.
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Case Study CS 101

Unistat® 425

Controlling a simulated 100 W (86 kcal / hr)
exothermic reaction

Requirement
This case study looks at the performance of a
Unistat® 425 as it controls a simulated 100 W
(86 kcal / hr) exothermic reaction in a 2-litre
DDPS reactor.

Method

The Unistat® 425 is connected to the 2-litre
DDPS glass reactor using two insulated metal
1-metre hoses. The reactor is filled with 1.5 li-
tre of “M90.055.03", a silicon based HTF. An
electric heater is immersed in the “process”
and controlled to give a pre-determined power
value.

Results

As soon as the “reaction” starts and raises
the temperature of the process the Unistat®
cools the jacket to generate a wide AT rapidly
to remove the heat and bring the process tem-
perature back to its set-point. The reaction is
caught and controlled within 7 minutes. The
heater is then turned off and the Unistat® re-
sponds again by ramping the jacket to return
and hold the process at its set-point

Setup details
Unistat® 425 & DDPS 2-litre reactor

Temperature range: -40...250 °C

Cooling power: 25kw@0-°C
1.8 kW @ -20 °C

Heating power: 2.0 kW

Hoses: 2x1 m; M24x1.5
(#9325)

HTF: DW-Therm (#6479)

Reactor: 2 litre jacketed glass
reactor

Reactor content: 1.5 litre M90.055.03
(#6259)

Stirrer speed: 150 rpm

Control: process

= Jacket temperature
= Process temperature

= Setpoint




Setup details

Unistat® 425 & DDPS reactor

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:
Reactor:

Reactor contents:

Reactor stirrer speed:
Control:

-40...250 °C
25kw @0 °C

1.8 kW @ -20 °C
2.0 kW

2x1 m; M24x1.5
(#9325)

DW-Therm (#6479)
2 litre jacketed glass
reactor

1.5 litre M90.055.03
(#6259)

150 rpm

internal

Case Study CS 100

Unistat® 425

Cooling a DDPS 2-litre jacketed glass reac-
tor to Tmin

Requirement

This case study is to find out the minimum
temperature that a Unistat® 425 can cool the
jacket of a 2-litre jacketed glass reactor and the
resultant process temperature.

Method

The Unistat® 425 is connected to the 2-litre
DDPS glass reactor using two insulated metal
1-metre hoses. The reactor is filled with 1.5 li-
tre of “M90.055.03", a silicon based HTF

Results

The jacket is cooled to -40 °C in around 33
minutes. The process temperature ramp rate
slows as the AT narrows and has reached
-39 °C when the test is stopped.

|3 cket temperature
m—— Process temperature
m— Setpoint




Case Study CS 102

Unistat® 425

Cooling a DDPS 2-litre jacketed glass reac-
tor from 20 °C to -20 °C

Requirement

This case study looks at the performance of a
Unistat® 425 as it cools a jacketed glass reac-
tor from 20 °C to -20 °C.

Method

The Unistat® 425 is connected to the 2-litre
DDPS glass reactor using two insulated metal
1-metre hoses. The reactor is filled with 1.5 li-
tre of “M90.055.03", a silicon based HTF.

Results

It can be seen that the process is ramped
through 40 K (20 °C to -20 °C) within 20 mi-
nutes.

Setup details
Unistat® 425 & DDPS reactor

Temperature range: -40...250 °C

Cooling power: 25kw@0-°C
1.8 kW @ -20 °C

Heating power: 2.0 kW

Hoses: 2x1 m; M24x1.5
(#9325)

HTF: DW-Therm (#6479)

Reactor: 2 litre jacketed glass
reactor

Reactor content: 1.5 litre M90.055.03
(#6259)

Stirrer speed: 150 rpm

Control: process

e J3cket temperature
m—— Process temperature
m— Setpoint
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Case Study CS 103

Setup details
Unistat® 425 & DDPS reactor

Temperature range: -40...250 °C

Unistat® 425

Heating and cooling a 2-litre jacketed glass
pressure reactor under differing control

Cooling power: 25kW@0°C i
1.8 KW @ -20 °C dynamics
Heating power: 2.0 kw .
Hoses: 2x1 m; M24x1.5 Requirement , A
= (#9325) A standard feature of the “Pilot Controller” is
HTF: DW-Therm (#6479) to choose “fast, small overshoot” or “without
i Reactor: 2 litre jacketed glass overshoot” when reaching a set-point.
reactor The graphic shows the differences in perform-
Reactor content: 1.5 litre M90.055.03 ance between these settings. In this test the
(#6259) Unistat® 425 is programmed to alternate be-
Stirrer speed: 150 rpm tween 20 °C and 60 °C.
Control: process
Method
The Unistat® 425 is connected to the 2-litre
DDPS glass reactor using two insulated metal
1-metre hoses. The reactor is filled with 1.5 li-
tre of “M90.055.03", a silicon based HTF.
Results
The first process curve (fast, small overshoot)
reaches 60 °C in just 14 minutes with the sec-
ond process curve (without overshoot) takes
24 minutes to reach the set-point.
It can be seen that the overshoot is minimal in
] the “fast, small overshoot” mode.
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Case Study CS 104

Unistat® 425

Heating and cooling a 2-litre glass reactor
between 20 °C & 100 °C

Requirement

This case study looks at the performance of a
Unistat® 425 as it heats and cools a jacketed
glass reactor between 20 °C and 100 °C.

Method

The Unistat® 425 is connected to the 2-litre
DDPS glass reactor using two insulated metal
1-metre hoses. The reactor is filled with 1.5 li-
tre of “M90.055.03", a silicon based HTF.

Results

It can be seen that the process is ramped
through 80 K (20 °C to 100 °C) within 20 min-
utes. To cool the process back to 20 °C takes
approximately 23 minutes.

Setup details
Unistat® 425 & DDPS reactor

Temperature range: -40...250 °C

Cooling power: 25kw@0-°C
1.8 kW @ -20 °C

Heating power: 2.0 kW

Hoses: 2x1 m; M24x1.5
(#9325)

HTF: DW-Therm (#6479)

Reactor: 2 litre jacketed glass
reactor

Reactor content: 1.5 litre M90.055.03
(#6259)

Stirrer speed: 150 rpm

Control: process

e |3cket temperature
m— Process temperature
= Setpoint
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Case Study CS 10

Setup details
Unistat® 425w & HWS reactor

Temperature range: -40...250 °C

Cooling power: Heating power:

2.0 kW

Hoses: 2x1 m M38x1.5
(#6656)

HTF: DW-Therm (#6479)

Reactor: 5 litre jacketed glass
reactor

Reactor contents: 3.75 litre M90.055.03
(#6259)

Reactor stirrer speed: 200 rpm

Control: process

Unistat® 425w

Heating and cooling a HWS 5-litre glass
reactor between 20 °C & 180 °C

Requirement

This case study looks at the speed of response
when a set-point change is made from 20 °C
to 180 °C when a Unistat® 425w is connected
with a HWS 5-litre jacketed glass reactor.

Method

The Unistat® 425w is connected to the 5-litre
HWS glass reactor using two insulated metal
1-metre hoses. The reactor is filled with 3.75 li-
tre of “M90.055.03", a silicon based HTF.

Results

It takes 22 minutes to heat from 20 °C
to 180 °C achieving heating ramp rate of
approx. 7.2 K/ min. The process temperature
experiences no overshoot above the set-point
(180 °C).

In this test the ,internal” (jacket) temperature
is limited so as not to exceed the max. set-
point which is set at 200 °C.

The cool-down time of the process is 33 mi-
nutes from 180 °C to 20 °C giving a ramp rate
of 5.3 K/ min.
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Case Study CS 9 huber

Version: 9/2009

1 ® 2 Setup details
U n IStat 4 5W Unistat® 425w & HWS 5-litre reactor

HWS 5-litre reactor Temperature range: -40...250 °C

Cooling power: 2.8 kW @ 250...100 °C
Requirement 25kw @0 °C
This case study looks at the speed of response 1.9 kW @ -20 °C
when a set-point change from 20 °C to -20 °C 0.2 kW @ -40 °C
when a Unistat® 425w is connected to a HWS Heating power: 2.0 kW
5-litre reactor. Hoses: 2x1.5 m; M38x1.5

(#6656)

Method HTF: DW-Therm (#6479)
The Unistat® 425w is connected to the 5-litre Reactor: 5 litre jacketed glass
HWS glass reactor using two insulated metal reactor
1-metre hoses. The reactor is filled with 3.75 Reactor contents:  3.75 litre M90.055.03
litre of “M90.055.03", a silicon based HTF. (#6259)

Reactor stirrer speed: 200 rpm
Results Control: process

It takes 19 minutes for the process tempera-
ture to reach its set-of -20 °C, i.e. a cooling
rate of 2.1 K/ min.

[t can be seen how the internal temperature
ramps rapidly to almost -34 °C, thus the pro-
cess temperature can reach the set-point as
soon as possible.
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Case Study CS 7

Setup details

Unistat® 425w & HWS reactor

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:
Reactor:

Reactor content:

Stirrer:
Control:

-40...250 °C

2.8 kW @ 250...100 °C
25kw@0-°C

1.9 kW @ -20 °C

0.2 kW @ -40 °C

2.0 kW

2x1.5 m; M38x1.5
(#6656)

DW-Therm (#6479)

5 litre jacketed glass
reactor

3.75 litre M90.055.03
(#6259)

200 rpm

process

Unistat® 425w

Periodic and Aperiodic control on a 5-litre
HWS reactor

Requirement

The “Unistat® Pilot” offers the possibility of
using either periodic or aperiodic control set-
tings. That means the set-point temperature
can be achieved with or without an over-
shoot.

The graphic shows the performance curve of
a Unistat® 425w working with a HWS 5-li-
tre glass reactor as it heat and cools between
20 °C and 60 °C under different control dy-
namics.

Method

The Unistat® 425w is connected to the 5-litre
HWS glass reactor using two insulated metal
1-metre hoses. The reactor is filled with 3.75 li-
tre of “M90.055.03", a silicon based HTF.

Results
The first process curve (with overshoot) goes
from 20 °C to 60 °C in just 10 minutes and
the second curve (without overshoot) work-
ing with the same temperature range takes 15
minutes.
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Case Study CS 1011

Unistat® 425w

Cooling a 5-litre HWS reactor

Setup details
Unistat® 425w & 5-I

itre HWS reactor

huber

Version: 9/2009

Temperature range: -40...250 °C
. Cooling power: 2.8 kW @ 250...100 °C
Requirement 25kW @0 °C
This case study looks at the performance of a 1.9 kW @ -20 °C
Unistat® 425w cooling a 5-litre glass reactor 0.2 kW @ -40 °C
from 20 °C to -20 °C and then to Tmi under Heating power: 2.0 kW
“process” control. Hoses: 2x1.5 m; M38x1.5
(#6656)
Method A A HTF: DW-Therm (#6479)
The Unistat® 425w is connected to the 5-litre Reactor: 5 litre jacketed glass
HWS glass reactor using two insulated metal reactor
1-metre hoses. The reactor is filled with 3.75 li- Reactor contents: 3.75 litre M90.055.03
tre of “M90.055.03", a silicon based HTF. (#6259)
Reactor stirrer speed: 200 rpm
Results ) Control: process
The jacket cools quickly to -33 °C to pull the
process to its new set-point from 20 °C to
-20 °C (40 K) within 15 minutes (ramp rate
> 2.6 K/ min).
Once temperatures are stable a set-point
of -40 °C is entered. After approximately
22 minutes the jacket temperature asymptotes
at -40 °C with a corresponding end-process
temperature of -39 °C.
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Case Study CS 1013

huber

Version: 9/2009

Unistat® 425w

Heating a HWS 5-litre jacketed glass reac-
tor from 20 °C to 100 °C

Requirement

This case study looks at the performance of a
Unistat® 425w heating a 5-litre glass reactor
from 20 °C to 100 °C under “process” con-
trol.

Method

The Unistat® 425w is connected to the 5-li-
tre HWS glass reactor using two insulated
metal 1-metre hoses. The reactor is filled with
3.75 litre of “M90.055.03", a silicon based
HTF".

Results

The jacket heats from 20 °C to 135 °C within
10 minutes (ramp rate > 8.8 K / min) pulling
the process temperature to its 100 °C set-point
within 12 minutes (ramp rate > 6.6 K/ min).

Setup details
Unistat® 425w & HWS reactor

Temperature range: -40...250 °C

Cooling power: 2.8 kW @ 250...100 °C
25kw@0-°C
1.9 kW @ -20 °C
0.2 kW @ -40 °C

Heating power: 2.0 kw

Hoses: 2x1.5 m; M38x1.5
(#6656)

HTF: DW-Therm (#6479)

Reactor: 5 litre jacketed glass
reactor

Reactor contents: 3.75 litre M90.055.03
(#6259)

Reactor stirrer speed: 200 rpm

Control: process
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Case Study CS 1015

Setup details
Unistat® 425w & Bichi reactor
(buchiglasuster)

Temperature range: -40...250 °C
Cooling power: 2.8 kW @ 250...100 °C

25kw@0°C
1.9 kW @ -20 °C
0.2 kW @ -40 °C

Heating power: 2.0 kw

Hoses: 2x1 m; M38x1.5
(#6656)

HTF: DW-Therm (#6479)

Reactor: 20 litre jacketed glass
reactor

Reactor content: 15 litre M90.055.03
(#6259)

Stirrer: 150 rpm

Control: process

Unistat® 425w

Heating a Biichi 20 litre jacketed glass
reactor to 60 °C

Requirement

This case study looks at the performance of a
Unistat® 425w heating a 20-litre glass reactor
from 20 °C to 60 °C under “process” control.

Method

The Unistat® 425w is connected to the 20-litre
Buchi glass reactor using two insulated metal
1-metre hoses. The reactor is filled with 15 litre
of “M90.055.03", a silicon based HTF.

Results

The jacket heats quickly to 102 °C creating a
wide AT to pull the process temperature to its
new set-point. As the process approaches the
set-point the jacket cools rapidly to guide the
process precisely to target temperature.

e J3cket temperature
= Process temperature
= Setpoint




Case Study CS 1016 Illllll!l'

Version: 9/2009

[ ] ® 2 .
U n IStat 4 5W fJiti:tgtd®eZ;ng & Bichi reactor

(buchiglasuster)
Cooling a Biichi 20 litre jacketed glass re-

actor Temperature range: -40...250 °C
Cooling power: 2.8 kW @ 250...100 °C

Requirement 25kW @0 °C
This case study looks at the performance of a 1.9 kW @ -20 °C
Unistat® 425w cooling a Buchi 20-litre glass 0.2 kW @ -40 °C
reactor from 100 °C to 20 °C under “process” Heating power: 2.0 kW
control. Hoses: 2x1 m; M38x1.5

(#6656)
Method HTF: DW-Therm (#6479)
The Unistat® 425w is connected to the 20-litre Reactor: 20 litre un-insulated

Buchi glass reactor using two insulated metal

wo : - glass reactor
1-metre hoses. The reactor is filled with 15 litre

Reactor contents: 15 litre M90.055.03

of “M90.055.03", a silicon based HTF. (#6259)
Reactor stirrer speed: 150 rpm
Results Control: process

The jacket temperature ramps through 115 K
(100 °C to -15 °C) within 28 minutes (ramp
rate > 4.1 K/ min) to pull the process to its
new set-point. As the process approaches tar-
get temperature the jacket heats to guide the
process precisely to its target temperature.

e Jacket temperature

m—— Process temperature

= Setpoint

Temparatur in [*C]
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Case Study CS 1017

www.huber-online.com

Setup details
Unistat® 425w & Biichi reactor
(buchiglasuster)

Temperature range: -40...250 °C
Cooling power: 2.8 kW @ 250...100 °C

25kw@0°C
1.9 kW @ -20 °C
0.2 kW @ -40 °C

Heating power: 2.0 kw

Hoses: 2x1 m; M38x1.5
(#6656)

HTF: DW-Therm (#6479)

Reactor: 20 litre jacketed glass
reactor

Reactor content: 15 litre M90.055.03
(#6259)

Stirrer: 150 rpm

Control: process

Unistat® 425w

Heating & cooling a 20 litre Biichi jacketed
glass reactor

Requirement

This case study looks at the performance of a
Unistat® 425w heating and cooling a 20-litre
Buchi glass reactor from 20 °C to 180 °C and
back to 20 °C under “process” control.

Method

The Unistat® 425w is connected to the 20-litre
Buchi glass reactor using two insulated metal
1-metre hoses. The reactor is filled with 15 litre
of “M90.055.03", a silicon based HTF.

Results

The jacket temperature ramps through 180 K
(20 °C to 200 °C) within 30 minutes (ramp rate
6 K/ min) to pull the process to its new set-
point. As the process approaches target tem-
perature the jacket cools to guide the process
precisely to its target temperature.

The cooling cycle shows a similar performance
with the jacket cooling rapidly to -13 °C from
182 °C (195 K) within 50 minutes (ramp rate
3.9 K/ min) to pull the process back to 20 °C
as quickly as possible.

|3 cket temperature
m—— Process temperature
m— Setpoint
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Case Study CS 12

Setup details

Unistat® 510w & DDPS reactor

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:

Reactor:

Reactor content:

Stirrer speed:
Control:

-50...250 °C

5.3 kW @ 250...0 °C
2.8 kW @ -20 °C

0.9 kW @ -40 °C

6.0 kW

2x1.5 m; M38x1.5
(#6656)

DW-Therm (#6479)
25 litre vacuum insu-
lated jacketed glass
reactor

18.75 litre M90.055.03
(#6259)

80 rpm

internal

Unistat® 510w

Heating a 25 litre DDPS reactor

Requirement

The graphic shows the performance of a Uni-
stat® 510w working with a 25-litre glass reac-
tor connected together with M38x1.5 hoses.

Method

The DDPS 25-litre reactor and Unistat® 425w
were connected together with insulated
“M38x1.5” hoses. The HTF circuit (reactor,
Unistat® & hoses) was filled with DW-Therm
and the reactor was filled with 18.75 litre of
“M90.055.03", a silicon based Huber supplied
HTF.

Results

The “internal” (jacket) temperature increases
at a rate > 11 K per minute and reaches the
set-point of 180 °C from -50 °C without any
overshoot or undershoot within 21 minutes.

e J3cket temperature
= Process temperature
m— Setpoint



Case Study CS 111

Version: 9/2009

Unistat® 510w

Controlling a simulated 300 W (258 kcal / hr)
exothermic reaction in a 15 litre Biichi
reactor

Requirement

This case study shows the temperature profile
of a specific test while undergoing a simulated
exothermic reaction.

Method

A Unistat® 510w has been selected to control
the process temperature inside a 5 litre glass-
lined (enameled) steel reactor which is 2/3 filled
with M20.235.20.

Results

The 300 W exothermic reaction increases the
process temperature by approx. 1.7 K and the
Unistat® compensates the temperature differ-
ence in 9 minutes. After a while the heater is
removed out of the reactor and the process
temperature goes down to approx. 18.3 °C.
The Unistat® takes 12 minutes to bring back
the process temperature to its set-point.

Setup details
Unistat® 510w & Bichi reactor
(buchiglasuster)

-50...250 °C

53 kW @ 0...250 °C
2.8kW @ -20°C

0.9 kW @ -40 °C

Temperature range:
Cooling power:

Heating power: 6.0 kW

Hoses: 2x1.5 m; M30x1.5
(#6386)

HTF: DW-Therm (#6479)

Reactor: 15 litre glass-lined

(enameled) steel reactor

Reactor content: 10 litre M20.235.20
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Case Study CS 1001

Setup details

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:
Reactor:

Reactor content:

Stirrer speed:
Control:

Unistat® 510w & DDPS reactor

-50...250 °C

5.3 kW @ 250...0 °C
2.8 kW @ -20 °C

0.9 kW @ -40 °C

6.0 kW

2x1.5 m; M38x1.5
(#6656)

DW-Therm (#6479)
DDPS 25 litre vacuum
insulated glass reactor
18.75 litre M90.055.03
(#6259)

80 rpm

process

Unistat® 510w

Cooling a 25 litre DDPS reactor to “Tmin"”

Requirement

This case study examines the minimum tem-
perature that a Unistat® 510w can take the
process temperature contained in a 25-litre
vacuum-insulated glass reactor.

Method
The DDPS reactor was connected to the Uni-
stat® 510w using two 1.5 m insulated metal
hoses. The reactor was filled with 18.75 litre
of “M90.055.03", a silicon based Huber sup-
plied HTF.

Results

The initial ramp rate is very rapid but as the
cooling begins to asymptote at around -25 °C
(jacket temperature) the ramp rate begins to
slow.

The final temperature is -49 °C in the jacket
and approximately -47 °C in the process.
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Case Study CS 1101

Setup details
Unistat® 510w & Chemglass 50-litre reactor

-50...250 °C
53kW@250°C..0°C
2.8 kW @ -20°C

Temperature range:
Cooling power:

Unistat® 510w

Cooling a Chemglass 50 litre jacketed glass
reactor from 20 °C to 0 °C

0.9 kW @ -40 °C Requirement
Heating power: 6.0 kW This case study examines the response time
Hoses: 2x1.5 m: M38x1.5 when the process set-point is changed from
(#6659) 20 °C to 0 °C in a Chemglass 50-litre jacketed
HTF: DW-Therm (#6479) glass reactor.
Reactor: 50 litre Chemjacketed
glass reactor (un-insulat- Method
ed) The Unistat® and reactor were connected us-
Reactor content: 37 litre M90.055.02 ing two 1.5 minsulated metal hoses. The reac-
(#6259) tor was filled with 37 litre of “M90.055.03", a
Stirrer speed: 80 rpm Huber supplied silicon based HTF.
Control: process
Results
It can be seen that the jacket temperature
ramps at an average rate of 2.4 K / min to
reach -29 °C within 20 minutes before ramp-
ing back up to guide the process temperature
exactly to its new set-point with negligible
under-shoot within 25 minutes.
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Case Study CS 1102
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Unistat® 510w

Cooling a Chemglass 50 litre jacketed glass
reactor from 20 °C to “T "

Requirement

This case study examines the minimum achiev-
able process temperature within a Chemglass
50-litre jacketed glass reactor when connected
to a Huber Unistat® 510w.

Method

The Unistat® and reactor were connected
using two 1.5 m insulated metal hoses. The re-
actor was filled with 37 litre of “M90.055.03",
a Huber supplied silicon based HTF.

Results

As can be seen in the graphic, the jacket
achieves a temperature of approximately
-50 °C and the process temperature asymp-
totes just above this at approximately -49 °C.

Setup details
Unistat® 510w & Chemglass 50-litre reactor

Temperature range: -50...250 °C

Cooling power: 5.3 kW @ 250...0 °C
2.8 kW @ -20 °C
0.9 kW @ -40 °C

Heating power: 6.0 kW

Hoses: 2x1.5 m; M38x1.5
(#6659)

HTF: DW-Therm (#6479)

Reactor: 50 litre Chemglass

jacketed reactor
(un-insulated)

37 litre M90.055.02
80 rpm

process

Reactor content:
Stirrer speed:
Control:

Temperaturin °C

= Jacket temperature
m—— Process temperature

= Setpoint
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Case Study CS 1103

Setup details
Unistat® 510w & Chemglass 50-litre reactor

Temperature range: -50...250 °C

Cooling power: 5.3 kW @ 250...0 °C
2.8 kW @ -20 °C
0.9 kW @ -40 °C

Heating power: 6.0 kW

Hoses: 2x1.5 m; M38x1.5
(#6659)

HTF: DW-Therm (#6479)

Reactor: 50-litre Chemjacketed
glass reactor (un-insulat-
ed)

Reactor content: 37 litre M90.055.02
(#6259)

Stirrer speed: 80 rpm

Control: process

Unistat® 510w

Cooling a Chemglass 50-litre jacketed glass
reactor from 120 °C to -30 °C

Requirement

This case study looks at the speed of response
to cool a Chemglass 50-litre jacketed glass re-
actor to -30 °C from 120 °C (150 K).

Method

The Unistat® and reactor were connected us-
ing two 1.5 minsulated metal hoses. The reac-
tor was filled with 37 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

[t can be seen that the jacket rapidly cools to
-42 °C pulling the process temperature to-
wards its new set-point before heating slightly
to guide the process to -30 °C with negligible
under-shoot.

Temperaturin °C

e |3cket temperature

=== Process temperature

m— Setpoint

13:50:00  14:00:00  14:10:00

14:20:00

14:30:00

14:50:00  15:00:00  15:10:00
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1 ® 5 o Setup details
U n IStat 1 W Unistat® 510w & Chemglass 50-litre reactor

Heating a Chemglass 50-litre jacketed glass Temperature range: -50...250 °C

reactor from -50 to 20 °C Cooling power: 5.3 kW @ 250...0 °C
2.8 kW @ -20 °C

Requirement 0.9 kW @ -40 °C

This case study looks at the speed of response Heating power: 6.0 kW

when the process temperature set-point is Hoses: 2x1.5 m: M38x1.5

changed from -50 °C to 20 °C in a Chemglass (#6659)

50-litre jacketed glass reactor. HTE: DW-Therm (#6479)
Reactor: 50-litre Chemjacketed

Method glass reactor (un-insulat-

The Unistat® and reactor were connected us- ed)

ing two 1.5 m insulated metal hoses. The reac- Reactor content: 37 litre M90.055.02

tor was filled with 37 litre of “M90.055.03", a Stirrer speed: 80 rpm

Huber supplied silicon based HTF. Control: process

Results

[t can be seen that the jacket temperature
ramps rapidly from -50 °C to 20 °C in around
27 minutes (average ramp rate of 4.8 K/ min)
and as the process approaches its set-point
ramping back to guide the process exactly to
its new set-point within 32 minutes (average
ramp rate of 2 K/ min) with a negligible over- ‘
shoot.

N S T R S within-27 minigtes -
. to B3 °C within 27}minutes -

before rapidly coolihg to

________ 1 EoEALR R R

B’y point as fast as pussible.

m—— Jacket temperature |
mm— Process temperature |
m— Setpoint [
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Case Study CS 1105

Setup details
Unistat® 510w & Chemglass 50-litre reactor

-50...250 °C
53 kW @ 250...0 °C
2.8 kW @ -20°C

Temperature range:
Cooling power:

Unistat® 510w

Controlling simulated exothermic reactions
within a Chemglass 50-litre glass-reactor

0.9 kW @ -40 °C Requirement
Heating power: 6.0 kW This case study shows the effectiveness of a Un-
Hoses: 2x1.5 m; M38x1.5 istat® 510w connected to a 50-litre reactor in
(#6659) the control of a three simulated exothermic re-
HTF: DW-Therm (#6479) actions of differing strengths at 0 °C and 20 °C
Reactor: 50-litre Chemjacketed generated by an electric immersion heater.
glass reactor (un-insulat-
ed) Method
Reactor content: 37 litre M90.055.02 The Unistat® and reactor were connected us-
(#6259) ing two 1.5 m insulated metal hoses. The reac-
Stirrer speed: 80 rpm tor was filled with 37 litre of “M90.055.03", a
Control: process Huber supplied silicon based HTF.
Results
Once the “reaction” was under steady control
the heater was turned "Off".
It can be seen how rapidly the AT between the
process and jacket is increased to “suck” the
thermal energy from the process to restore and
‘ maintain the process temperature set-point.
-y -".t:f The results can be viewed in the following
@ graphics.
1. Simulated exothermic of 600 W @ 0 °C
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2. Simulated exothermic of 600 W @ 20 °C
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3. Simulated exothermic of 900 W @20 °C
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Case Study CS 108
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Setup details

Unistat® 610w & Radleys reactor

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:
Reactor:

Reactor content:

Stirrer speed:
Control:

-60...200 °C

7.0 kW @ 200...0 °C
6.4 kW @ -20 °C

3.3 kW @ -40 °C

0.8 kW @ -60 °C

6.0 kW

2x1.5 m; M30x1.5
(#6386)

DW-Therm (#6479)
10 litre jacketed glass
reactor

7.5 litre M90.055.03
(#6259)

200 rpm

process

Unistat® 610w

Controlling simulated exothermic reactions
at -40 °C in a Radleys 10-litre reactor

Requirement

This case study looks at the response of a Uni-
stat® 610w working to control exothermic re-
actions in a 10-litre glass reactor at -40 °C.

Method

M30x1.5 hoses are used to connect the setup
and the working fluid is DW Therm. The exo-
thermic reactions are conducted with a hea-
ting power of 50 W and 100 W.

Results

The 50 W heat results in approximately 1 K
of temperature rise. With a cooling power
of 3.3 kW the unit takes 9 minutes to bring
the process temperature back to its set-point.
Meanwhile the process temperature rises up
to approximately 2 K with the 100 W of heat
addition. The internal temperature cools to ap-
proximately -57.5 °C in order to pull the proc-
ess temperature back to -40 °C.

When the heater is switched off, the tempera-
ture of the process falls and the thermostat
starts heating the jacket in order to return the
process temperature to the set point.
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Case Study CS 108 huber

Figure 2: Exothermic reaction of 100 W

= Jacket temperature

= Process temperature
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Case Study CS 43

Setup details
Unistat® 610w & Biichi reactor
(buchiglasuster)

Temperature range: -60...200 °C

Cooling power: 7.0 kW @ 200...0 °C
6.4 kW @ -20 °C
3.3kW @ -40 °C
0.8 kW @ -60 °C

Heating power: 6.0 kW

Hoses: 2x1.5 m; M38x1.5
(#6656)

HTF: DW-Therm (#6479)

Reactor: 20 litre jacketed glass
reactor

Reactor content: 15 litre DW-Therm
(#6479)

Stirrer speed: 70 rpm

Control: process

Unistat® 610w

Heating and cooling a Biichi 20-litre glass
reactor

Requirement

The graphic shows the performance of Uni-
stat® 610w responding to set-point changes
in process temperature of a 20-litre glass reac-
tor from 20 °C to 180 °C and back to 20 °C.

Method

M30x1.5 hoses are used to connect the setup
and the working fluid is DW Therm. The reac-
tor is filled with 15 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The machine needs approximately 60 minutes
to reach 180 °C from 20 °C and 41 minutes to
cool back to 20 °C. The heating and cooling
rates for the processes are 2.67 K / min and
3.9 K/ min respectively.
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Unistat® 610w

Cooling a Biichi 20-litre jacketed glass
reactor to Trmin

Requirement

This case study shows the performance of a
Unistat® 610w with cooling a Buchi 20-litre
reactor from 20 °C to -60 °C. M38x1.5 hos-
es are used in order to get a higher HTF flow
rate to the reactor jacket to achieve more
efficient heat transfer characteristics.

Method
M30x1.5 hoses are used to connect the set-
up and the working fluid is DW Therm.

Results

The "internal” (jacket) temperature takes
29 minutes to reach the minimum possible
temperature of -59.5 °C. It pulls down the
process temperature at a rate of 1.1 K/ min.
After 65 minutes there is a temperature dif-
ference of 6 K between the jacket and proc-
ess temperatures.

For a machine of 0.8 kW of cooling power at
-60 °C, the ramp rate is very fast considering
the size of the reactor.

Iu

Setup details

Unistat® 610w & Buchi reactor

(btichiglasuster)

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:
Reactor:

Reactor content:

Stirrer speed:
Control:

-60...200 °C

7.0 kW @ 200...0 °C
6.4 kW @ -20 °C

3.3 kW @ -40 °C

0.8 kW @ -60 °C

6.0 kW

2x1.5 m; M38x1.5
(#6656)

DW-Therm (#6479)
20 litre jacketed glass
reactor

15 litre DW-Therm
(#6479)

70 rpm

internal

|3 cket temperature
e Process temperature
= Setpoint
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Case Study CS 33

Setup details
Unistat® 610w & Blchi «miniPilot» 10 reactor

Temperature range: -60...200 °C
Cooling power: 7.0 kW @ 200...0 °C
6.4 kW @ -20 °C
3.3 kW @ -40 °C
0.8 kW @ -60 °C
Heating power: 6.0 kW
Hoses: 2x1.5 m; M30x1.5
(#6386)
HTF: DW-Therm (#6479)
Reactor: 10 litre jacketed glass

pressure reactor

Reactor content: 7.5 litre M90.055.03

(#6259)
Stirrer speed: 80 rpm
Control: internal

Unistat® 610w

Tmin With “internal” or “jacket” control on a
10-litre glass reactor

Requirement

The test is conducted to investigate the per-
formance of a Unistat® 610w working un-
der ,internal” (jacket) temperature control.
M30x1.5 hoses are used to connect the ma-
chine with a 10-litre glass reactor. DW-Therm
is used as the HTF.

Method

The reactor and Unistat® are connected using
two 1.5 metre insulated hoses. The reactor is
filled with 7.5 litre of “M90.055.03", a Huber
supplied silicon based HTF.

Results

The graphic illustrates that the Unistat® needs
only 21 minutes to reach the minimum jacket
set-point temperature of -60 °C. With only
0.8 kW of cooling power at -60 °C the process
temperature is pulled down to -56 °C in 60
minutes. Then, at the end of the 105-minute-
segment a AT of 2 K exists between the proc-
ess and jacket.
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Version: 9/2009

1 ® 6 0 Setup details *
U n IStat 1 W Unistat® 610w & Radleys reactor i

200 W (172 kcal / min) & 300 W (258 kcal / hr) Temperature range:  -60...200 °C

exothermic reactions @ 0 °C in a Radleys Cooling power: 7.0 kW @ 200...0 °C
10-litre jacketed glass reactor 6.4 kW @ -20 °C
3.3 kW @ -40 °C
Requirement 0.8 kW @ -60 °C
A Unistat® 610w is used to control process Heating power: 6.0 kW £
temperature during simulated exothermic re- Hoses: 2x1.5 m; M30x1.5 f
actions is a Radleys 10-litre glass reactor. (#6386) -:.|4
HTF: DW-Therm (#6479)

Method Reactor: 10 litre jacketed glass = 0
The reactor and Unistat® are connected with- reactor
two M30x1.5 insulated metal hoses. The reac- Reactor content: 7.5 litre M90.055.03
tor is filled with 7.5 litre of “M90.055.03", a (#6259) i
Huber supplied silicon based HTF. Stirrer speed: 80 rpm =
Result Control: process ¢

esults X
The heat generated by the 200 W simulated E a
exothermic reaction results in a temperature k- ﬂ
rise of 2 °C. The Unistat® 610w cools the jack- ]
et at a rate of 8.5 K/ min to -25.7 °C in order EEEE—

to bring the process temperature back to the
set-point of 0 °C within 6 minutes. The second 4
test with a simulated exothermic reaction of A
300 W results in a process temperature rise of

3.5 °C. The jacket temperature rapidly cools to

-37 °C in just 4 minutes and pulls the process

temperature back to 0 °C in 8 minutes.
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Case Study CS 36

Setup details
Unistat® 610w & Radleys reactor
Temperature range: -60...200 °C
Cooling power: 7.0 kW @ 200...0 °C
6.4 kW @ -20 °C
3.3 kW @ -40 °C
0.8 kW @ -60 °C
Heating power: 6.0 kW
i . Hoses: 2x1.5 m; M30x1.5
[! , (#6386)
: HTF: DW-Therm (#6479)
2 Reactor: 10 litre jacketed glass
reactor
== 9 Reactor content: 7.5 litre M90.055.03
(#6259)
Stirrer speed: 80 rpm
R Control: process
/
las
&
Al
o IF E ey

Unistat® 610w

Heating and cooling a Radleys 10-litre jack-
eted glass reactor

Requirement

This case study shows the temperature profile
of a Unistat® 610w heating and cooling a Ra-
dleys 10-litre glass reactor between 20 °C and
100 °C.

Method

The reactor and Unistat® are connected with-
two M30x1.5 insulated metal hoses. The reac-
tor is filled with 7.5 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The Unistat® 610w takes 28 minutes to heat
the 10-litre glass reactor from 20 °C to 100 °C.
This is an average heating rate of 2.9 K/ min
as can be seen on the process temperature
curve. Cooling the process between the same
temperature range occurs at a average rate of
3.5 K/ min.
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huber

Version: 9/2009

Unistat® 610w

Control dynamics on a Biichi 20-litre re-
actor

Requirement

Every Unistat® can be set to ramp “Fast
with small over shoot” or “No overshoot”.
This case study looks at the response under
different “control dynamics” of a Unistat®
610w when cooling and heating a Buichi
20-litre reactor between 20 °C and -60 °C.

Method

The Unistat® and reactor were connected
using two 1.5 m insulated metal hoses.
The reactor was filled with 15 litre of
“M90.055.03", a Huber supplied silicon
based HTF.

Results

The first & second curves (20 °C to 60 °C
and back to 20 °C) show the function of
“Periodic - fast, small overshoot” control
dynamic. The first curve illustrates a heating
process in a time of 16 minutes. It can be
clearly seen that the internal temperature
heats to 103 °C, thus the process tempera-
ture reaches 60 °C very quickly. The Uni-
stat® 610w cools the 20-litre reactor back

to 20 °C in approximately 17 minutes through
a AT of 40 K.

The third curve (20 °C to 60 °C) shows the
same temperature profile but with “Aperiodic
- no overshoot” control. The Unistat® takes
slightly longer (30 minutes) to heat to avoid
any over or undershoot of the set-point.

Setup details
Unistat® 610w & Bichi reactor
(buchiglasuster)
Temperature range: -60...200 °C
Cooling power: 7.0 kW @ 200...0 °C
6.4 kW @ -20 °C
3.3 kW @ -40 °C
0.8 kW @ -60 °C f
Heating power: 6.0 kW i=
Hoses: 2x1.5 m; M38x1.5
(#6656)
HTF: DW-Therm (#6479)
Reactor: 20 litre jacketed glass
reactor
Reactor content: 15 litre DW-Therm 4
(#6479) D
Stirrer speed: 70 rpm W e
Control: process
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Case Study CS 45

= Jacket temperature

m— Process temperature

= Setpoint

Setup details

Unistat® 610w & Bichi reactor

(buchiglasuster)

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:
Reactor:

Reactor content:

Stirrer speed:
Control:

-60...200 °C

7.0 kW @ 200...0 °C
6.4 kW @ -20 °C
3.3kW @ -40 °C

0.8 kW @ -60 °C

6.0 kW

2x1.5 m; M38x1.5
(#6656)

DW-Therm (#6479)
20 litre jacketed glass
pressure reactor

15 litre DW-Therm
(#6479)

70 rpm

process

Unistat® 610w

Cooling a Biichi 20-litre reactor from 100 °C
to 20 °C

Requirement

This case study shows the temperature profile
of a Unistat® 610w working to cool a 20-litre
reactor from 100 °C to 20 °C.

Method

The Unistat® and reactor were connected us-
ing two 1.5 m insulated metal hoses. The reac-
tor was filled with 15 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The jacket temperature cools to approx. -43 °C
to bring the process temperature rapidly to its
set point in 40 minutes.




Case Study CS 37

Unistat® 610w

Heating a Radleys 10-litre glass reactor
from 20 °C to 180 °C.

Requirement

This case study illustrates the performance of a
Unistat® 610w heating a Radleys 10-litre glass
reactor from 20 °C to 180 °C.

Method

The reactor and Unistat® are connected using
two 1.5 metre insulated metal hoses. The reac-
tor is filled with 7.5 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The heating curve shows that the Unistat®
610w takes 45 minutes to reach a set-point of
180 °C. The ,internal” (jacket) temperature is
limited to 200 °C because of the upper tem-
perature limit of the HTF (DW-Therm).

Setup details

Unistat® 610w & Radleys 10-litre reactor

Temperature range:

Cooling power:

Heating power:
Hoses:

HTF:
Reactor:

Reactor content:

Stirrer speed:
Control:

-60...200 °C

7.0 kW @ 200...0 °C
6.4 kW @ -20 °C
3.3kw@-40°C

0.8 kW @ -60 °C

6.0 kW

2x1.5 m; M30x1.5
(#6386)

DW-Therm (#6479)
10 litre jacketed glass
reactor

7.5 litre M90.055.03
(#6259)

80 rpm

process

e |3cket temperature

= Process temperature

== Setpoint
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|3 cket temperature

== Process temperature
m— Setpoint

Setup details

Unistat® 610w & Radleys reactor

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:
Reactor:

Reactor content:

Stirrer speed:
Control:

-60...200 °C

7.0 kW @ 200...0 °C
6.4 kW @ -20 °C
3.3kW @ -40 °C

0.8 kW @ -60 °C

6.0 kW

2x1.5 m; M30x1.5
(#6386)

DW-Therm (#6479)
10 litre jacketed glass
reactor

7.5 litre M90.055.03
(#6259)

200 rpm

process

Unistat® 610w

Linear Ramping a Radleys 10-litre jacketed
glass reactor

Requirement

This case study demonstrates the ramp rate set
to cool then heat the process from 20 °C to
-20 °C in 60 minutes (1.5 K/ min) then back to
20 °C over the same time period.

Method

The reactor and Unistat® are connected using
two 1.5 metre insulated metal hoses. The reac-
tor is filled with 7.5 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The process ramp is uniform. The control is
point-perfect to the setpoints with no over-
shoot.




Case Study CS 38

Unistat® 610w

Simple setpoint change

In this case study, the Unistat® 610w responds
to a change in set point and cools and heats
the process as fast as possible.

Method

The reactor and Unistat® are connected using
two 1.5 metre insulated metal hoses. The reac-
tor is filled with 7.5 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

This graphic demonstrates the capability of a
Unistat® 610w when connected to a 10-litre
jacketed glass reactor. The speed of response
of the jacket temperature can be seen in the
rapid ramping rate from 20 °C to -60 °C within
12 minutes.

Setup details
Unistat® 610w & Radleys reactor

Temperature range: -60...200 °C
Cooling power: 7.0 kW @ 200...0 °C

6.4 kW @ -20 °C
3.3kW @-40 °C
0.8 kW @ -60 °C
Heating power: 6.0 kW
Hoses: M30x1.5 (#6386)
HTF: DW-Therm (#6479)
Reactor: 10 litre jacketed glass
reactor
Reactor content: 7.5 litre M90.055.03
(#6259)

specific heat capacity of
0.36 kcal / kg K

Stirrer speed: 200 rpm

Control: process

e Jacket temperature
== Process temperature

= Setpoint
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Case Study CS g

Setup details

Temperature range: -60...200 °C
Cooling power: 9.5 kW @ 200...0 °C

8.0 kW @ -20 °C
4.8 kW @ -40 °C
1.2 kW @ -60 °C
Heating power: 12 kW
Hoses: M38x1,5; 2x2 m
HTF: DW-Therm
Reactor: Blichi CR252

250-litre glass-lined
(enameled) steel reactor

Reactor content: 200-litre Ethanol
Reactor stirrer speed: 90 rpm
Control: process

www.huber-online.com

Unistat® 615w

Heating and cooling a 250-litre GLSS
Biichi reactor

Requirement

This case study shows the remarkable power
transfer capabilities of the Unistat® range in
using a Unistat® 615w to heat and cool a
250-litre Buchi GLSS reactor.

Method

The Unistat® was connected to the reactor
using two 2-metre insulated metal hoses. The
reactor was filled with 200 litre of Ethanol.

Results

Cooling from 20 °C to -20 °C takes approxi-
mately 60 minutes and heating back to 20 °C
taking approximately 40 minutes. The third
curve shows a cool down time from 20 °C
to -30 °C (50 K) taking approximately 110
minutes.

|3 cket temperature
m— Process temperature
= Setpoint
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Case Study CS S

Setup details

Temperature range: —60...200 °C
Cooling power: 9.5 kW @ 200...0 °C

8.0 kW @ -20 °C
4.8 kW @ -40 °C
1.2 kW @ -60 °C
Heating power: 12 kW
Hoses: M38x1,5; 2x2 m
HTF: DW-Therm
Reactor: Bichi CR252

250-litre glass-lined

(enameled) steel reactor
Reactor content: 200-litre Ethanol
Reactor stirrer speed: 90 rpm
Control: process

Unistat® 615w

Heating & cooling a 250-litre GLSS reactor
through 60 K

Requirement

This case study shows the remarkable power
transfer capabilities of the Unistat® range in
using a Unistat® 615w to heat and cool a
250-litre Buchi GLSS reactor.

Method

The Unistat® was connected to the reactor
using two 2-metre insulated metal hoses. The
reactor was filled with 200 litre of Ethanol.

Results

The Unistat® cools the process from 20 °C to
-40 °C (60 K) in approximately 150 minutes. It
can be seen from the jacket temperature that
the system is “comfortable” with this load.
The heat up time back to 20 °C takes approxi-
mately 60 minutes.
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Version: 9/2009

Unistat® 615w

Ramping a 250-litre Biichi GLSS reactor

Requirement

This case study shows the remarkable power
transfer capabilities of the Unistat® range in
using a Unistat® 615w to heat and cool a
250-litre Buichi GLSS reactor.

Method

The Unistat® was connected to the reactor
using two 2-metre insulated metal hoses. The
reactor was filled with 200 litre of Ethanol.

Results

The closeness of control can be seen as the
Unistat® ramps the process temperature be-
tween 20 °C to 0 °C and back at differing pre-
programmed ramp rates.

Setup details
Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:

Reactor:

Reactor content:
Reactor stirrer speed:
Control:

—-60...200 °C

9.5 kW @ 200...0 °C
8.0 kW @ -20 °C

4.8 kW @ -40 °C

1.2 kW @ -60 °C

12 kW

M38x1,5; 2x2 m
DW-Therm

Blichi CR252

250-litre glass-lined
(enameled) steel reactor
200-litre Ethanol
90 rpm
process
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Case Study CSy

Setup details

Temperature range: —60...200 °C
Cooling power: 9.5 kW @ 200...0 °C
8.0 kW @ -20 °C
4.8 kW @ -40 °C

1.2 kW @ -60 °C
Heating power: 12 kW
Hoses: M38x1,5; 2x2 m
HTF: DW-Therm
Reactor: Bichi CR252

250-litre glass-lined

(enameled) steel reactor

Reactor content: 200-litre Ethanol
Reactor stirrer speed: 90 rpm
Control: process

Unistat® 615w

Heating & cooling a 250-litre GLSS reactor

Requirement

This case study shows the remarkable power
transfer capabilities of the Unistat® range in
using a Unistat® 615w to heat and cool a
250-litre Buchi GLSS reactor.

Method

The Unistat® was connected to the reactor
using two 2-metre insulated metal hoses. The
reactor was filled with 200 litre of Ethanol.

Results

The graph shows the close control and rapid
response of the jacket to change the process
temperature from 20 °C to -10 °C and back
again. It takes approximately 60 minutes to
cool the process through 30 K from 20 °C to
-10 °C.
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Case Study CS 24

Unistat® 620w

Heating and cooling Biichi CR101 100-litre
reactor

Requirement

This case study illustrates the performance
curve of a Unistat® 620w connected to a
Buchi 100-litre reactor with 2x1.5 m M38x1.5
hoses.

Method

The Unistat® and reactor were connected us-
ing two 1.5-metre hoses. The reactor was filled
with 75-litre of “M90.055.03", a Huber sup-
plied silicon based HTF.

Results

The “internal” (jacket) temperature ramps the
process temperature to the set-points. The
rapidly induced AT between jacket and process
pulls the process temperature until it reaches
the target temperature with negligible over/
under shoot.

Once at target, the set-point is maintained in a
highly stable manner.

Setup details
Unistat® 620w & Buchi 100-litre GLSS reactor

Temperature range: -60...200 °C
Cooling power: 12.0 kW @ 200...-20 °C

6.5 kW @ -40 °C

Heating power: 12 kW

Hoses: 2x1.5 m; M38x1.5
(#6656)

HTF: DW-Therm (#6479)

Reactor: 100 litre jacketed glass
reactor

Reactor content: 75 litre M90.055.03
(#6259)

Stirrer speed: 80 rpm

Control: process

e Jacket temperature
= Process temperature
= Setpoint
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Case Study CS ??

MeCour-Huber ultra-low sample management systems will provide you
with a powerful new tool minimizing adverse sample impact while in-
creasing throughput. Whether you require a single or a hundred sys-
tems to provide temperature control to a few or dozens of samples,
MeCour-Huber will work closely with you to provide the perfect solution(s)
to meet your requirements.

Unistat® 705w

Constantly cryogenic sample management

Mecour & Huber have coupled their expertise to offer a new
product designed specifically to hold and thermally manage
samples at cryogenic temperatures to -100 °C with the ability
to freeze and thaw the samples at a user specified strictly con-
trolled rate.

The MeCour-Huber ultra-low temperature sample management
systems are perfectly suited to laboratory benchtop or classi-
fied environments with a variety of accessories to integrate to
existing automated platforms.

MeCour-Huber -60 °C benchtop sample management system.

Setup details

Unistat® 705w & MeCour ultra-low temperature
sample management system

Temperature range: -75...250 °C

Cooling power: 0.6 kW @ 250...100 °C
0.65 kW @ 0 °C
0.6 kW @ -20...-40 °C
0.3 kW @ -60 °C

Heating power: 1.5 kW /3 kW

Hoses: 2x1 m; M24x1.5 (#9325)

HTF: DW-Therm (#6479)

Application: MeCour ultra-low tempe-
rature sample management
system

Vials content: 24x1 ml Ethanol

Control: process

MeCour-Huber has designed systems with tolerances as tight as
+ 0.1 °C. The MeCour-Huber ultra-low temperature cryostats
are specifically designed to eliminate “edge-effect” and hot/
cold spots ensuring precise and accurate temperature distribu-
tion across the working areas of the system. The superior per-
formance of these thermal systems has been validated through
a number of thermal mapping studies. Results of this testing
under both static and ramping conditions are presented in the
following figures.

www.huber-online.com Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.
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The following thermal mapping data demonstrates the superior precision and stability of the MeCour-Huber ultra-low thermal management systems.
More data is available on request.

m—— |3cket temperature
= Process temperature
m— Setpoint

Thermal mapping study on MeCour-Huber ultra-low sample management system with a specified tolerance of + 1 °C under controlled ramping condi-
tions, ambient to -65 °C
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== Process temperature
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Setup details

Unistat® 705w & Blichi reactor Ecoclave
(btichiglasuster)

Temperature range: -75...250 °C
Cooling power: 0.6 kW @ 250...100 °C
0.65 kW @ 0 °C
0.6 kW @ -20...-40 °C
0.3 kW @ -60 °C
Heating power: 1.5 kW/3 kW
Hoses: 2x1 m; M24x1.5 (#9325)
HTF: DW-Therm (#6479)
Reactor: 1 litre jacketed glass
pressure reactor
0.75 litre M90.055.03
(#6259)
Stirrer speed: 200 rpm
Control: process

Reactor content:

Case Study CS 30

Unistat® 705w

1-litre Biichi reactor from 20 °C to “Tmin"

Requirement
The purpose of this test is to demon-
strate the minimum achievable proc-
ess temperature in a 1-litre jacketed glass
pressure reactor when connected to a Uni-
stat® 705w.

Method

The Unistat® and reactor are connected using
two 1-metre insulated metal hoses. The reac-
tor is filled with 0.75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The graphic shows the process temperature
beginning to asymptote at -50 °C. The jacket
temperature reaches a minimum of -67 °C
with a minium process temperature of -66 °C.

m—— |acket temperature
= Process temperature
m— Setpoint




Case Study CS 17

Unistat® 705w

Heating and cooling a DDPS 2-litre jack-
eted reactor

Requirement

The purpose of this case study is to demon-
strate the performance of a Unistat® 705w in
heating and cooling a 2-litre glass reactor.

Setup details

Unistat® 705w & 2-litre DDPS reactor

Temperature range:

Cooling power:

Heating power:

-75...250 °C

0.6 kW @ 250...100 °C
0.65 kw @ 0 °C

0.6 kW @ -20...-40 °C
0.3 kW @ -60 °C

1.5 kW/3 kW (in this test
limited to 1.0 kW)

huber

Version: 9/2009

Pump speed: 3300 rpm
Method _ Hoses: 2x1 m; M24x1.5 (#9325)
The Unistat® and reactor are connected using HTE: DW-Therm (#6479)
two 1-metre insulated metal hoses. The reac- Reactor: 2 litre un-insulated

tor is filled with 1.5 litre of “M90.055.03", a
Huber supplied silicon based HTF.

jacketed glass reactor

Reactor content: 1.5 litre M90.055.03

(#6259) p
Result ) . Stirrer speed: 200 rpm I
The resulting curve shows it takes 33 minutes Control: process

to heat from 20 °C to 100 °C giving a heating
ramp-rate of 2.4 K/ min.
In cooling, the curve shows the process takes
35 minutes to reach 20 °C giving a cooling
ramp-rate of 2.3 K/ min.
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Case Study CS 75

Setup details
Unistat® 705w & Bichi reactor (blchiglasuster)

Temperature range: -75...250 °C
Cooling power: 0.6 kW @ 250...100 °C

0.65 kW @ 0 °C

0.6 kW @ -20...-40 °C

0.3 kW @ -60 °C
Heating power: 1.5 kW/3 kW
Hoses: 2x1 m; M24x1.5 (#9325)
HTF: DW-Therm (#6479)
Reactor: 3 litre un-insulated metal

pressure reactor

Reactor content: 2.25 litre M90.055.03

(#6259)
Stirrer speed: 200 rpm
Control: process

Unistat® 705w

Cooling a Biichi 3-litre reactor to -60 °C

Requirement

The graphic illustrates the performance of a
Unistat® 705w cooling a 3-litre un-insulated
metal pressure reactor from 20 °C to -60 °C.

Method

The Unistat® and reactor are connected using
two 1-metre insulated metal hoses. The reac-
tor is filled with 2.25 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The “internal” (jacket) temperature cools at an
average ramp rate of 1.8 K/ min. The process
temperature ramps down at > 1.8 K/ min. This
process cools through 80 K (20 °C to -60 °C)
in 74 minutes.

www.huber-online.com
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Case Study CS 76 huber

Version: 9/2009

1 ® Setup details
U n IStat 70 5W Unistat® 705w & Bichi reactor (bichiglasuster)

Effects of differing control dynamics when Temperature range: -75...250 °C
heating and cooling a Biichi 3-litre metal Cooling Power: 0.6 kW @ 250...100 °C
jacketed reactor 0.65 kw @ 0 °C
0.6 kW @ -20...-40 °C

Requirement 0.3 kW @ -60 °C
Every Unistat® can be set to ramp “Fast with Heating power: 1.5 kW/3 kW
small over shoot” or “No overshoot”.This Pump speed 3500 rpm
case study looks at the response of a Unistat® Hoses: 2x1 m; M24x1.5 (#9325)
705w under different “control dynamics” HTF: DW-Therm (#6479)

Reactor: 3 litre un-insulated metal
Method pressure reactor
The Unistat® and reactor are connected using Reactor contents: 2.25 litre M90.055.03
two 1-metre insulated metal hoses. The reac- (#6259)
tor is filled with 2.25 litre of “M90.055.03", a Reactor stirrer speed 200 rpm
Huber supplied silicon based HTF. Control: process
Results

The first curve is under “Fast with small over
shoot” , even so it can be seen that after ramp-
ing rapidly through 40 K (20 °C to 60 °C) in ap-
proximately 15 minutes, the process tempera-
ture hits exactly the set-point with NO over
shoot. The second curve is carried out under
the “No overshoot dynamic setting.

= Jacket temperature

== Process temperature
m— Setpoint
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Unistat 705w

in combination with a Heidolph Synthesis 1

Requirement

What you see is what you get:

The goal of this case study is to show if a tem-
perature of -50 °C inside the test tubes can be
reached and how much time will be needed.
The second part of this case study shall show
the performance including the Heidolph
Synthesis 1 temperature control.

There is a built-in heater with four temperature
probes inside the Heidloph Synthesis 1.

Method

The Unistat® 705w (a hydraulically sealed
sytem) was used for thermoregulation.

The Unistat® 705w has a temperature range
of -75 °C until 250 °C and a cooling power of
650 W at 0 °C.

As can be seen on the first graph below, the
red ,process” temperature measured inside a
test tube with a Pt 100 reached -50 °C in about
40 min, the lowest temperature of -58 °C was
reached within a total of 92 min.

Heating back up to 20 °C will take about
23 min.
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Unistat® 705w

The next test was conducted with the built-in
heater of the Heidolph Synthesis 1 being
switched on at 20 °C. The setpoints of all four
temperature zones of the Synthesis 1 were set
at -30 °C and then reduced to -50 °C.

The setpoint of -30 °C was reached after about
32 min. The setpoint of -50 °C was reached
after additional 23 min. At both setpoints the
process temperature offset was due to the
postion of the Pt 100.

Results

In comparsion to previously published case
study with the Heidolph Synthesis 1 it is pos-
sible to achieve lower temperature with less
cooling power and in a much faster time.

The initial cost of the complete
system with an Unistat® 705w and the
Heidolph Synthesis 1 are about 30 % lower
than the setup mentioned in the previously
published case study.

Setup details
Unistat® 705w with optional bypass installed

Temperature range: -75...250 °C
Cooling power: 0.6 kW @ 250...100 °C

0.65 kw @ 0 °C

0.6 kW @ -20...-40 °C

0.3 kW @ -60 °C
Heating power: 1.5 kW (3 kW @ 400 V)
Pump speed: 3500 rpm
Hoses: 2 x1 mM24 x 1,5 #9325
HTF: Ethanol
Reactor: Heidolph Synthesis 1
Control: process (inside test tube)

Control of the
Heidolph Synthesis 1: off

Setup details: Heidolph Synthesis 1
Each of the 24 test tubes of the Synthesis 1 were
filled with 5 ml Sil Oil Huber M90.055.03 #6259

Control of the

Heidolph Synthesis 1:Zone temperatures
via internal sensors.

Setpoint 1: -30 °C

Setpoint 2: -50 °C

e |acket temperature
= Process temperature
m— Setpoint
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Case Study CS 14

Setup details

Unistat® 705w & Radley reactor

Cooling power:

Heating power:
Pump speed:
Hoses:

HTF:

Reactor:

Stirrer speed:
Control:

Temperature range:

Reactor content:

-75...250 °C

0.6 kW @ 250 °C...100 °C
0.65 kW @ 0 °C

0.6 kW @ -20...-40 °C
0.3 kW @ -60 °C

1.5 kW /3 kW

3300 rpm

2x1 m; M24x1.5 (#9325)
DW-Therm (#6479)

1 litre un-insulated jack-
eted glass reactor

0.75 litre M90.055.03
(#6259)

200 rpm

process

Unistat® 705w

50 W (43 kcal / hr) exothermic reaction in a
Radleys 1-litre glass reactor

Requirement

The diagram illustrates the performance of a
Unistat® 705w working with a Radleys 1-litre
un-insulated jacketed glass reactor. An exo-
thermic reaction of 50 W (43 kcal / hr) is simu-
lated at a temperature of 0 °C.

Method

The Unistat® and reactor are connected using
two 1-metre insulated metal hoses. The reac-
tor is filled with 0.75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The process temperature rises 5.5 °C above
the set-point from the heat of the simulated
exothermic reaction. The Unistat® 705w reacts
to this change of temperature by cooling the
jacket rapidly to approximately -14.5 °C pulling
the process temperature back to 0 °C.

When the exothermic reaction stops the proc-
ess temperature undershoots to -6 °C before
the jacket temperature is rapidly ramped up-
wards to return the process to its set-point.
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huber

Version: 9/2009

Unistat® 705w

Heating a Radleys 1-litre jacketed glass re-
actor from 20 °C to 100 °C

Requirement

This case study looks at the performance of a
Unistat® 705w heating a Radleys 1-litre glass
reactor from 20 °C to 100 °C under “process”
control.

Method

The Unistat® and reactor are connected using
two 1-metre insulated metal hoses. The reac-
tor is filled with 0.75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The control dynamic is set to “no overshoot”
so the final approach to the set-point is slower
to ensure that the process does not overshoot
its target temperature.

Even with this dynamic set it can be seen in
the graphic the speed of the ramp to the set-
point.

Setup details

Unistat® 705w & Radleys reactor

Temperature range:
Cooling Power:

Heating power:
Pump speed
Hoses:

HTF:

Reactor:

Reactor contents:

Reactor stirrer speed:
Control:

-75...250 °C
0.6 kW @ 250...100 °C
0.65 kW @0 °C

0.6 kW @ -20...-40 °C
0.3 kW @ -60 °C

1.5 kW /3 kW

3300 rpm

2x1 m; M24x1.5 (#9325)
DW-Therm (#6479)

1 litre un-insulated
jacketed glass reactor
0.75 litre M90.055.03
(#6259)
200 rpm
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Case Study CS 1019

Setup details
Unistat® 705w & Radleys reactor

Temperature range: -75...250 °C
Cooling power: 0.6 kW @ 250...100 °C
0.65 kW @ 0 °C

0.6 kW @ -20...-40 °C
0.3 kW @ -60 °C

Unistat® 705w

Heating & cooling a 1-litre jacketed glass
reactor from 20 °C to 180 °C and back to
20 °C

Requirement

This case study looks at the perform-
ance of a Unistat® 705w heating and
cooling a Radleys 1-litre un-insulated
jacketed glass pressure reactor from 20 °C to
180 °C and back to 20 °C under “process”
control.

Method

The Unistat® and reactor are connected using
two 1-metre insulated metal hoses. The reac-
tor is filled with 0.75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

On the heating curve the process ramps
through 160 K (20 °C to 180 °C) within 40 min-
utes (ramp rate of 4 K/ min). The process also
ramps back through 160 K (180 °C to 20 °C)
within 40 minutes (ramp rate 4 K/ min).

Heating power: 1.5 kW /3 kW
Pump speed: 3300 rpm
Hoses: 2x1 m; M24x1.5 (#9325)
HTF: DW-Therm (#6479)
Reactor: 1 litre un-insulated
jacketed glass pressure
reactor
Reactor content: 0.75 litre M90.055.03
(#6259)
Stirrer speed: 200 rpm
Control: process
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Case Study CS 16 huber

Version: 9/2009

1 ® 0 Setup details
U n IStat 7 5W Unistat® 705w & Biichi reactor (buchiglasuster)

Heating a Biichi 1-litre reactor from 20 °C

Temperature range: -75...250 °C
to 180 °C

Cooling Power: 0.6 kW @ 250...100 °C
. 0.65 kW @ 0 °C
Requirement 0.6 kW @ -20...-40 °C
The heating curve shows the performance of a 0.3 kW @ -60 °C
Unistat® 705w heating a 1-litre reactor from Heating power: 1.5 kW /3 kW
20 °Cto 180 °C. Pump speed 3300 rpm
Hoses: 2x1 m; M24x1.5 (#9325) =y
Method HTF: DW-Therm (#6479) el LLLLL
The Unistat® and reactor are connected using Reactor: 1 litre un-insulated I8 E E : g : EEE
two 1-metre insulated metal hoses. The reac- jacketed glass pressure ;,‘;i 1

tor is filled with 0.75 litre of “M90.055.03", a

reactor

Huber supplied silicon based HTF. Reactor contents:  0.75 litre M90.055.03
(#6259)
Results _ Reactor stirrer speed: 500 rpm
The process temperature rapidly ramps through Control: process
180 °C in 50 minutes to reach the required
temperature. It represents a heating ramp rate
of 3.2 K/ min.
It can be clearly seen how the process curve
reaches 180 °C without over shooting the set-
point.
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Case Study CS 1020

Setup details
Unistat® 705w & Bichi reactor (bichiglasuster)

Temperature range: -75...250 °C
Cooling power: 0.6 kW @ 250...100 °C
0.65 kW @ 0 °C
0.6 kW @ -20...-40 °C
0.3 kW @ -60 °C
Heating power: 1.5 kW/3 kW
Pump speed: 3300 rpm
Hoses: 2x1 m; M24x1.5 (#9325)
HTF: DW-Therm (#6479)
Reactor: 1 litre un-insulated

jacketed glass pressure

Unistat® 705w

Cooling a Biichi 1-litre reactor to Tmin

Requirement

This case study looks at the performance of aUn-
istat® 705w cooling a Biichi 1-litre un-insulated
jacketed glass pressure reactor to Tmin under
“process” control.

Method

The Unistat® and reactor are connected using
two 1-metre insulated metal hoses. The reac-
tor is filled with 0.75 litre of “M90.055.03", a

reactor
Reactor content: 0.75 litre M90.055.03 Huber supplied silicon based HTF.
(#6259)
Stirrer speed: 500 rpm Results ) ) )
Control: process The jacket cooling curve is almost linear to
-50 °C where it begins to asymptote before
reaching its lowest temperature of -66 °C
with a corresponding process temperature of
-65 °C.
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Case Study CS 1024 Illllll!l'

Version: 9/2009

L} ® 0 .
U n IStat 7 5W fJiti:tgtd®e;?)ng & DDPS reactor

Heating & cooling a DDPS 2-litre glass re- Temperature range: -75...250 °C
actor Cooling Power: 0.6 kW @ 250...100 °C

0.65 kW @0 °C
Requirement 0.6 kW @ -20...-40 °C
This case study looks at the performance of a 0.3 kW @ -60 °C
Unistat® 705w heating and cooling a DDPS Heating power: 1.5 kW /3 kW
2-litre jacketed glass reactor from 20 °C to Pump speed 3300 rpm
100 °C and back under “process” control. Hoses: 2x1 m; M24x1.5 (#9325)
HTF: DW-Therm (#6479)
Method Reactor: 2 litre jacketed glass
The Unistat® and reactor are connected using reactor
two 1-metre insulated metal hoses. The reac- Reactor contents: 1.5 litre M90.055.03
tor is filled with 1.5 litre of “M90.055.03", a (#6259)
Huber supplied silicon based HTF. Reactor stirrer speed: 200 rpm
Control: process
Results
The process is ramped from 20 °C to 100 °C
(80 K) within 20 minutes (ramp rate > 4 K/ min)
and cooled at a ramp rate > 2.1 K/ min.
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Case Study CS 1025

Setup details
Unistat® 705w & DDPS reactor

Temperature range: -75...250 °C
Cooling power: 0.6 kW @ 250...100 °C

0.65 kW @ 0 °C
0.6 kW @ -20...-40 °C
0.3 kW @ -60 °C
Heating power: 1.5 kW /3 kW
Pump speed: 3300 rpm
Hoses: 2x1 m; M24x1.5 (#9325)
HTF: DW-Therm (#6479)
Reactor: DDPS 2 litre un-insulated

jacketed glass reactor

Reactor content: 1.5 litre M90.055.03

(#6259)
Stirrer speed: 200 rpm
Control: process

Unistat® 705w

Cooling a 2-litre jacketed glass reactor to
20 °C from 180 °C

Requirement

This case study looks at the performance of a
Unistat® 705w cooling a 2-litre glass reactor
from 180 °C to 20 °C under “process” con-
trol.

Method

The Unistat® and reactor are connected using
two 1-metre insulated metal hoses. The reac-
tor is filled with 1.5 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The process is ramped from 180 °C to
20 °C (160 K) within 60 minutes (ramp rate
> 2.6 K/ min).

e J3cket temperature
m—— Process temperature
m— Setpoint

SI9A




Case Study CS 73

huber

Version: 9/2009

Unistat® 705w

Cooling a Biichi 3-litre metal reactor to Tmin

Requirement

This study looks at the minimum achievable
temperature of a Unistat® 705w connected
to a Buchi 3-litre un-insulated metal pressure
reactor under “internal” control.

Method

The Unistat® and reactor are connected using
two 1-metre insulated metal hoses. The reac-
tor is filled with 2.25 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

After 2 hours the cooling power asymptotes at
an internal temperature of -65 °C with a cor-
responding process temperature of -63 °C.

Setup details

Unistat® 705w & Bichi reactor (bichiglasuster)

Temperature range:
Cooling Power:

Heating Power:
Pump speed
Hoses:

HTF:

Reactor:

Reactor contents:

Reactor stirrer speed:
Control:

-75...250 °C
0.6 kW @ 250...-40 °C
0.3 kW @ -60 °C

1.5 kW /3 kw

3500 rpm

2x1 m; M24x1.5 (#9325)
DW-Therm (#6479)

3 litre un-insulated metal
pressure reactor

2.25 litre M90.055.03
(#6259)
200 rpm
internal

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.
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Case Study CS 77

Setup details
Unistat® 705w & Bichi reactor (blchiglasuster)

Temperature range: -75...250 °C
Cooling power: 0.6 kW @ 250...100 °C

0.65 kW @ 0 °C
0.6 kW @ -20...-40 °C
0.3 kW @ -60 °C
Heating power: 1.5 kW /3 kW
Pump speed: 3500 rpm
Hoses: 2x1 m; M24x1.5 (#9325)
HTF: DW-Therm (#6479)
Reactor: 3 litre un-insulated metal

pressure reactor

Reactor content: 2.25 litre M90.055.03

(#6259)
Stirrer speed: 200 rpm
Control: process

Unistat® 705w

Heating a Biichi 3-litre metal reactor from
20 °C to 100 °C

Requirement

The graphic shows the performance of a Uni-
stat® 705w heating a Blichi 3-litre un-insulated
metal pressure reactor from 20 °C to 100 °C.

Method

The Unistat® and reactor are connected using
two 1-metre insulated metal hoses. The reac-
tor is filled with 2.25 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

With a heating power of 1.5 kW the machine
needs 25 minutes to heat the process through
80 K (average ramp rate of 3.2 K/min).

e J3cket temperature

= Process temperature
m— Setpoint




Case Study CS 78 huber

Version: 9/2009

1 ® Setup details
U n IStat 70 5W Unistat® 705w & Bichi reactor (bichiglasuster)

Cooling a Biichi 3-litre metal reactor from Temperature range:  -75...250 °C
180 °Cto 20 °C Cooling Power: 0.6 kw @ 250...100 °C
) 0.65 kW @ 0 °C
Requirement 0.6 kW @ -20...-40 °C
This case study shows the performance of a 0.3 kW @ -60 °C
Unistat® 705w cooling a Blchi 3-litre un-in- Heating Power: 1.5 kW /3 kW
sulated metal pressure reactor from 180 °C to Pump speed 3500 rpm
20 °C under “process” control. Hoses: 2x1 m; M24x1.5 (#9325)
HTF: DW-Therm (#6479)
Method } Reactor: 3 litre un-insulated metal
The Unistat® and reactor are connected using pressure reactor
two 1-metre insulated metal hoses. The reac- Reactor contents:  2.25 litre M90.055.03
tor is filled with 2.25 litre of “M90.055.03", a (#6259)
Huber supplied silicon based HTF. Reactor stirrer speed: 200 rpm
Control: process
Results

It can be seen from the narrow AT between
"internal” (jacket) and the process tempera-
tures that thermal transfer in this reactor is very
good. Total time to ramp the process through
160 K (180 °C to 20 °C) is approximately 65
minutes.

e Jacket temperature

= Process temperature

= Setpoint
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Case Study CS 109

Setup details
Unistat® 705w & Bichi reactor (blchiglasuster)

Temperature range: -75...250 °C
Cooling power: 0.6 kW @ 250...100 °C

0.65 kW @ 0 °C
0.6 kW @ -20...-40 °C
0.3 kW @ -60 °C
Heating power: 1.5 kW /3 kW
Pump speed: 3500 rpm
Hoses: 2x1 m; M24x1.5 (#9325)
HTF: DW-Therm (#6479)
Reactor: 3 litre un-insulated metal

pressure reactor

Reactor content 2.25 litre M90.055.03

(#6259)
Stirrer speed 200 rpm
Control process

Unistat® 705w

Heating & cooling a Biichi 3-litre metal re-
actor

Requirement

The graphic illustrates the heating and cooling
performances of Unistat® 705w working with
a Buichi 3-litre un-insulated metal pressure re-
actor. As metal has a good conductor the heat
transfer is executed in an efficient manner that
the AT is always below 20 K.

Method

The Unistat® and reactor are connected using
two 1-metre insulated metal hoses. The reac-
tor is filled with 2.25 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The machine needs approx. 49 minutes to
reach 180 °C. On the other hand it requires
64 minutes to get back to 20 °C. The heating
and cooling rates for the heating and cooling
processes are 4.4 K/ min and 2.7 K/ min.

|3 cket temperature
e Process temperature
== Setpoint
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Case Study CS 80 huber

Version: 9/2009

Unistat® 825w Setup detail
Unistat® 825w & Buichi «miniPilot» 10 reactor
(buchiglasuster)
Controlling a 300 W (258 kcal/hr) simulated

exothermic reaction in a Biichi 10-litre jack- Temperature range:  -85...250 °C
eted glass reactor Cooling power: 2.4kW @ 0...-40 °C
) 1.5 kW @ -60 °C

Requirement Heating power: 3.0 kW
An exothermic reaction is simulated inside Hoses: 2x1.5 m; M30x1.5
a Buchi 10-litre glass reactor with an electric (#6386)
heater. A sudden heat input of 300 W (258 cal/ HTF: DW-Therm (#6479)
hr) is introduced to demonstrate the response Reactor: 10 litre jacketed glass
of the Unistat® 825w. reactor

Reactor contents: 7.5 litre M90.055.03
Method (#6259)
The Unistat® and reactor are connected using Reactor stirrer speed: 400 rpm
two 1.5-metre insulated metal hoses. The reac- Control: process

tor is filled with 7.5 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The process temperature increases by 3.2 K
and is controlled back to 0 °C within 11 mi-
nutes.

The heater is then turned “Off”. The process
temperature falls by 3.5 K but is recovered to
its set-point within 10 minutes.
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Case Study CS 81

Setup details
Unistat® 825w & Buchi «miniPilot» 10 reactor
(buchiglasuster)

Temperature range: -85...250 °C
Cooling power: 24kW @0...-40 °C

1.5 kW @ -60 °C

Heating power: 3.0 kW

Hoses: 2x1.5 m; M30x1.5 (#6386)

HTF: DW-Therm (#6479)

Reactor: 10 litre jacketed glass
reactor

Reactor contents: 7.5 litre M90.055.03
(#6259)

Reactor stirrer speed: 400 rpm

Control: process

Unistat® 825w

Cooling a Biichi 10-litre reactor from 20 °C
to -60 °C

Requirement

The graphic shows the cooling performance of
a Unistat® 825w when cooling a Biichi 10-litre
reactor under process control from 20 °C to
-60 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 7.5 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The internal temperature cools to approxi-
mately -78 °C to remove the heat from the
reactor to pull the process temperature to its
set-point.

= Jacket temperature
= Process temperature

= Setpoint




Case Study CS 79 huber

Version: 9/2009

Unistat® 825w Setup et
Unistat® 825w & Buchi «miniPilot» 10 reactor
(buchiglasuster)
Cooling a Biichi 10-litre jacketed glass

reactor from 20 °C to Tmin Temperature range: -85...250 °C
Cooling power: 2.4 kW @0...-40 °C
Requirement 1.5 kW @ -60 °C
The graphic shows the performance of a Uni- Heating power: 3.0 kW
stat® 825w cooling a Biichi 10-litre reactor Pump speed: 3.500 rpm
from 20 °C to -85 °C under “process” con- Hoses: 2x1.5 m; M30x1.5
trol. (#6386)
HTF: DW-Therm (#6479)
Method Reactor: 10 litre jacketed
The Unistat® and reactor are connected using glass reactor
two 1.5-metre insulated metal hoses. The reac- Reactor contents: 7.5 litre M90.055.03
tor is filled with 7.5 litre of “M90.055.03", a (#6259)
Huber supplied silicon based HTF. Reactor stirrer speed: 400 rpm
Control: internal
Results

The internal temperature reaches -80 °C within
1:13 hr. Over the remainder of the 2 hour case
study the internal (jacket) temperature reaches
-84 °C with a corresponding process tempera-
ture of -77 °C.
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Case Study CS 82

= Jacket temperature

== Process temperature
m— Setpoint

Setup details
Unistat® 825w & Buchi «miniPilot» 10 reactor
(buchiglasuster)

Temperature range: -85...250 °C
Cooling power: 24kW @0...-40 °C

1.5 kW @ -60 °C
Heating power: 3.0 kW
Pump speed: 3500 rpm
Hoses: 2x1.5 m; M30x1.5 (#6386)
HTF: DW-Therm (#6479)
Reactor: 10 litre jacketed glass
reactor
Reactor contents: 7.5 litre M90.055.03
(#6259)
Reactor stirrer speed: 400 rpm
Control: process

Unistat® 825w

Heating and cooling a Biichi 10-litre reactor

Requirement

The graphic illustrates the performance tem-
perature of a Unistat® 825w heating and cool-
ing a Buichi 10-litre reactor between 20 °C and
60 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The re-
actor is filled with 7.5 litre of “M90.055.03",
a Huber supplied silicon based HTF.

Results

The process temperature heats at a ramp rate
of 3.8 K/ min taking 30 minutes to reach the
set-point. The cooling ramp rate is at a rate
of 5.7 K/min and takes 27 minutes to cool
through 40 K (60 °C to 20 °C).




Case Study CS 83

Unistat® 825w

Heating and cooling a Biichi 10-litre
jacketed reactor

Setup details

Unistat® 825w & Buichi «miniPilot» 10 reactor

(buchiglasuster)

Temperature range: -85...250 °C

Cooling power: 2.4 kW @0...-40 °C
Requirement 1.5 kW @ -60 °C
This case study intended to investigate the Heating power: 3.0 kW
performance of a Unistat® 825w heating and Pump speed: 3500 rpm
cooling a Buichi 10-litre reactor between 20 °C Hoses: 2x1.5 m: M30x1.5
to 100 °C and then from 20 °C to 180 °C. (#6386)

HTF: DW-Therm (#6479)
Method Reactor: 10 litre jacketed glass

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-

Reactor contents:

reactor
7.5 litre M90.055.03

huber

Version: 9/2009

tor is filled with 7.5 litre of “M90.055.03", a (#6259)

Huber supplied silicon based HTF. Reactor stirrer speed: 400 rpm

Control: process
Results

In the first segment (20 °C to 100 °C) the heat-
ing ramp rate of 2.94 K/ min heats the process
temperature to 100 °C in 47 minutes.

In the second segment (20 °C to 180 °C) the
average heating ramp rate of 1.9 K/ min brings
the process temperature to the set-point with-
in 1:47 hour.
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Setup details
Unistat® 830 & DDPS reactor

Temperature range:

Cooling power:

Heating power:
Hoses:

HTF:

Reactor:

Reactor contents:

-85...200 °C

3.6 kW@ 0 -°C

2.2 kW @ -60 °C
3.6@0°C
3.5@-20...-40 °C

2.2 @-60 °C

0.7 @ -80 °C

3 kW

2x1.5 m; M38x1.5 (#6656)
DW-Therm (#6479)

25 litre vacuum insulated
jacketed glass reactor
18.75 litre M90.055.03
(#6259)

Reactor stirrer speed: 70 rpm

Unistat® 830

Cooling a DDPS 25-litre glass reactor to
-60 °C

Requirement

The test is conducted to investigate the cool-
ing performance of a Unistat® 830 cooling the
process temperature to -60 °C in a DDPS 25-li-
tre glass reactor.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 18.75 litre of “M90.055.03",
a Huber supplied silicon based HTF.

Control: process Results
With a cooling power of 2.2 kW at -60 °C the
Unistat® provides a cooling rate of approx.
0.88 K/ min to the process. In 90 minutes the
process temperature reaches the required set-
point.
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Case Study CS 60 huber

Version: 9/2009

1 ® 83 o Setup details
U n IStat Unistat® 830 & DDPS reactor

300 W (258 kcal/hr) & 600 W (516 kcal/hr) Temperature range: -85...200 °C
exothermic reactions in a DDPS 25-litre Cooling power: 36 kW@ 0 °C
glass reactor 2.2 kW @ -60 °C
3.6@0°C

Requirement 3.5@-20...-40 °C
A Unistat® 830 is used to compensate the 22 @ -60°C
sudden temperature rise due to an exothermic 07 @ -80°C
reaction of 300 W and 600 W. The simulated Heating power: 3 kW
heat input is introduced on a DDPS 25-litre Hoses: 2x1.5 m; M38x1.5
glass reactor. (#6656)

HTF: DW-Therm (#6479)
Method Reactor: 25 litre vacuum insulated
The Unistat® and reactor are connected using jacketed glass reactor
two 1.5-metre insulated metal hoses. The reac- Reactor contents: 18.75 litre M90.055.03
tor is filled with 18.75 litre of “M90.055.03", (#6259)
a Huber supplied silicon based HTF. Reactor stirrer speed: 70 rpm

Control: process
Results

With the 300 W heat input the temperature
rises by approx. 1.6 K and the Unistat® needs
approx. 9 minutes to bring back the process
temperature down to the set-point. Mean-
while the 600 W heat addition results in ap-
prox. 4.3 K of temperature rises and within
18 minutes it is back under control at the set-

point.
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-
Setup details ® 830
Unistat® 830 & Blichi reactor (buchiglasuster) U n I Stat

Temperature range: -85...200 °C Cooling a Biichi 20-litre metal pressure
Cooling power: 3.6kw @0 °C reactor to -60 °C
2.2kw @ -60 °C
36@0°C Requirement
35@ -20...-40 °C This case study is to look at the performance
2.2@ -60°C of a Unistat® 830 as it cools a Buichi 20-litre
0.7 @ -80 °C jacketed metal reactor to -60 °C from 20 °C
Heating power: 3 kw (80 K).
Hoses: 2x1.5 m; M30x1.5 (#6386)
HTF: DW-Therm (#6479) Method
Reactor: 20 litre un-insulated The Unistat® and reactor are connected using

two 1.5-metre insulated metal hoses. The reac-

jacketed metal pressure 2 - )

reactor tor is filled with 15 litre of “M90.055.03", a
Reactor contents: 15 litre M90.055.03 Huber supplied silicon based HTF.

(#6259)
Reactor stirrer speed: 400 rpm Results . o
Control: process The jacket cools with an initial ramp rate of

4 K/ min and the process follows at a ramp
rate of 2 K/ min.

The process cools smoothly through 80 K to its
set-point of -60 °C in under 90 minutes.
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Case Study CS 68

huber

Setup details
Unistat® 830 & HWS reactor

Unistat® 830

Version: 9/2009

Cooling a HWS 5-litre jacketed reactorto T Temperature range: -85...200 °C
. Cooling power: 3.6kw@0-°C
Requirement 2.2 kW @ -60 °C
The graphic shows the performance of a Uni- 36@0°C
stat® 830 working with a HWS 5-litre glass 35@ -20..-40 °C
reactor. This test is conducted with internal 22 @ -60°C
control mode in order to measure the lowest 07 @ -80 °C
possible temperature that can be reached by Heating power: 3 kW
the machine. Hoses: 2x1.5 m; M30x1.5
(#6386)
Method . HTF: DW-Therm (#6479)
The Unistat® and reactor are connected using Reactor: 5 litre jacketed glass
two 1.5-metre insulated metal hoses. The reac- reactor
tor is filled with 3.75 litre of “M90.055.03", a Reactor contents: 3.75 litre M90.055.03
Huber supplied silicon based HTF. (#6259)
Reactor stirrer speed: 200 rpm
Results . o Control: process
The machine reaches a minimum temperature
of -85 °C in 60 minutes pulling the process
temperature down to -75 °C.
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Case Study CS 69

Setup details
Unistat® 830 & HWS reactor

Temperature range: -85...200 °C

Cooling power: 3.6kWw@0-°C
2.2 kW @ -60 °C
3.6@0°C
3.5@-20...-40 °C
2.2 @-60°C
0.7 @ -80 °C

Heating power: 3 kW

Hoses: 2x1.5 m; M30x1.5 (#6386)

HTF: DW-Therm (#6479)

Reactor: 5 litre jacketed glass
reactor

Reactor contents: 3.75 litre M90.055.03
(#6259)

Reactor stirrer speed: 200 rpm

Control: process

Unistat® 830

Controlling a simulated exothermic reac-
tion of 200 W (172 kcal/hr) in a HWS 5-litre
jacketed glass reactor

Requirement

This case study shows the ability of the Uni-
stat® 830 to control exothermic reactions in a
HWS 5-litre glass reactor.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 3.75 litre of “M90.055.03", a
Huber supplied silicon based HTF. The exother-
mic reactions are simulated using a controlled
electric immersion heater.

Results

An exothermic reaction of 200 W (172 kcal / hr)
is simulated at 0 °C. The process curve shows
how fast the Unistat® 830 compensates a sud-
den rise in process temperature.

When the process temperature increases due
to the heat from the simulated exothermic
reaction the “internal” (jacket) temperature
reacts immediately. The “exothermic” energy
results in an increase in process temperature
of 4.2 K before the reaction is brought under
control and the process temperature is cooled
back to the set-point of 0 °C in 13 minutes.

Temperatur in [°C]

---- m—— |acket temperature ---

www.huber-online.com

Time in hh:mm;ss

——————————— e e e = Process temperature e
——————————————————————————————————— PERRS AR R R AR R R —— Scipoint iz
____________________________________ e e

1 T 1 )
| I 1 |

___________ A (1 e 1 S

| | 1 |
1 1 1 1
01:55:00 02:00:00 02:05:00 02:10:00

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.

6007/6 ‘UOISIIA
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huber

Version: 9/2009

Unistat® 830

Cooling a HWS 5-litre reactor from 20 °C to
-60 °C

Requirement

The diagram illustrates the cooling curve of a
Unistat® 830 cooling a HWS 5-litre reactor to
-60 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 3.75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

Setup details

Unistat® 830 & HWS reactor

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:
Reactor:

Reactor contents:

-85...200 °C

3.6 kw@0°C

2.2 kW @ -60 °C
3.6@0°C
3.5@-20...-40 °C
2.2 @ -60 °C

0.7 @-80 °C

3 kw

2x1.5 m; M30x1.5
(#6386)

DW-Therm (#6479)
5 litre jacketed glass
reactor

3.75 litre M90.055.03

(#6259)
The result shows that the process temperature Reactor stirrer speed: 200 rpm
ramps through 80 K (20 °C to -60 °C) and Control: process
reaches the required set-point in 43 minutes
and remains stable at the new set-point.
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Setup details
Unistat® 830 & HWS reactor

Temperature range:

Cooling power:

Heating power:
Hoses:

HTF:

Reactor:

Reactor contents:

-85...200 °C
3.6kw@0-°C

2.2 kW @ -60 °C
3.6@0°C
3.5@-20...-40 °C
2.2 @-60°C

0.7 @-80 °C

3 kw

2x1.5 m; M30x1.5 (#6386)
DW-Therm (#6479)

5 litre jacketed glass
reactor

3.75 litre M90.055.03
(#6259)

Reactor stirrer speed: 200 rpm

Unistat® 830

Consistent and reproducible results with a
5-litre reactor

Requirement

The graphic illustrates two identical segments
which are designed to test the capability of the
machine to produce consistent result.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 3.75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The heating and cooling curves are identi-
cal demonstrating the consistency of control.
For heating processes the machine needs 28
minutes to reach 60 °C from 20 °C. The cool-
ing process takes 25 minutes to cool back to
20 °C.
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Version: 9/2009

Unistat® 830

Heating and cooling a HWS 5-litre reactor

Requirement

The graphic shows the heating and cooling
performance of a Unistat® 830 alternating
between temperature set-points of 20 °C and
100 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 3.75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

For the heating process the internal tem-
perature jumps to approximately 115 °C in
23 minutes. This is heating ramp rate average
of 4.13 K/ min to the process. As a result the
process temperature reaches 100 °C in 40 min-
utes.

For the cooling curve, the internal temperature
cools to -17 °C in 12 minutes. This represents
an average cooling ramp rate of 3.1 K/ min.
The set-point of 20 °C is reached within 28
minutes.

Setup details

Unistat® 830 & HWS reactor

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:
Reactor:

Reactor contents:

Reactor stirrer speed:

Control:

-85...200 °C
3.6kW@0-°C

2.2 kW @ -60 °C
3.6@0°C
3.5@-20...-40 °C
2.2 @-60°C

0.7 @-80 °C

3 kW

2x1.5 m; M30x1.5
(#6386)

DW-Therm (#6479)
5 litre jacketed glass
reactor

3.75 litre M90.055.03
(#6259)

200 rpm

process
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Setup details

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:

Reactor:

Reactor contents:

Reactor stirrer speed:
Control:

Unistat® 830 & Blichi reactor (buchiglasuster)

-85...200 °C

3.6 kW@ 0 °C

2.2 kW @ -60 °C
3.6@0°C
3.5@-20...-40 °C
2.2 @-60°C

0.7 @ -80 °C

3 kW

2x1.5 m; M38x1.5 (#6656)
DW-Therm (#6479)
20 litre jacketed glass
reactor

15 litre M90.055.03
(#6259)

70 rpm

process

Unistat® 830

Controlling a simulated 150 W (129 kcal /
hr) exothermic reaction in a Biichi 20-litre
jacketed glass reactor @ -40 °C

Requirement

This case study looks at the performance
of a Unistat® 830 as it controls a 150 W
(129 kcal / hr) in a Buichi 20-litre jacketed glass
reactor. The reaction is carried out at -40 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 15 litre of “M90.055.03", a
Huber supplied silicon based HTF. The exother-
mic reactions are simulated using a controlled
electric immersion heater.

Results

The “exotherm” is started by turning on the
heater and causes a rise in process tempera-
ture peaking at approximately -38.2 °C. The
jacket temperature rapidly cools through 17 K
to -59 °C and quickly returns the process to
and controls it at the set-point of -40 °C. Once
the heater is turned “Off”, the process cools
but again, the swift response of the jacket
minimises the under-shoot and the process is
returned to its set-point.
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Version: 9/2009

Unistat® 830

Cooling a Biichi 20-litre jacketed glass
reactor to Tmin

Requirement
This test is designed to determine the mini-
mum achievable temperature that the Uni-
stat® 830 can cool a Bichi 20 litre reactor
within 2 hours.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 15 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The ,internal” (jacket) temperature cools to
-57 °C in the first 20 minutes before the cool-
ing power begins to asymptote. The final tem-
peratures of jacket and process are -77 °C and
-66 °C respectively.

Setup details
Unistat® 830 & Bichi reactor (blchiglasuster)

Temperature range: -85...200 °C

Cooling power: 3.6kw@0-°C
2.2 kW @ -60 °C
3.6@0°C
3.5@-20...-40 °C
2.2 @-60°C
0.7 @-80 °C
Heating power: 3 kW
Hoses: 2x1.5 m; M38x1.5
(#6656) (
HTF: DW-Therm (#6479) |
Reactor: 20 litre jacketed glass |
reactor
Reactor contents: 15 litre M90.055.03
(#6259)
Reactor stirrer speed: 70 rpm
Control: process
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Setup details

Unistat® 830 & Blichi reactor (buchiglasuster)

Unistat® 830

Temperature range: -85...200 °C Controlling simulated exothermic reac-
Cooling power: 36kW @0 °C tions in a Biichi 20-litre glass reactor
2.2kW @ -60 °C @-40°c
36@0°C _
3.5@-20...-40 °C Requirement
22@-60°C This case study is to see the response of a
0.7 @ -80 °C Unistat® 830 controlling simulated exothermic
Pump speed: 3500 rpm reactions in a Bichi 20-litre reactor at -40 °C:
Heating power: 3 kW 1.) 50 Watt ( 43 kcal/hr)
Hoses: 2x1.5 m; M38x1.5 (#9616) 2.) 100 Watt ( 86 kcal/hr)
Reactor: 20 litre jacketed glass
reactor Method _
Reactor contents: 15 litre M90.055.03 The Unistat® and reactor are connected using
(#6259) two 1.5-metre insulated metal hoses. The reac-
ReacosliTERspEeA0lRT tor is filled with 15 litre of “M90.055.03", a
Control: process Huber supplied silicon based HTF. The exother-
mic reactions are simulated using a controlled
electric immersion heater.
Results
In each case the jacket temperature responds
immediately to return the process temperature
to its set-point and maintain exactly the set-
point during the “exotherm”.
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2.) 100 W (86 kcal/hr)

s |3cket temperature
m— Process temperature

== Setpoint

3. 150 W (129 kcal / hr)

s -

= Jacket temperature
== Process temperature

m— Setpoint




Case Study CS 63

Setup details

Unistat® 830 & Radleys reactor

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:

Reactor:

Reactor contents:

Reactor stirrer speed:
Control:

-85...200 °C

3.6 kw@0-°C

2.2 kW @ -60 °C
3.6@0°C
3.5@-20...-40 °C
2.2@-60°C

0.7 @ -80 °C

3 kw

2x1.5 m; M38x1.5 (#6656)
DW-Therm (#6479)
10 litre jacketed glass
reactor

7.5 litre M90.055.03
(#6259)

80 rom

internal

Unistat® 830

Cooling the jacket of a Radleys 10-litre
reactor to -76 °C

Requirement

The graphic shows a cooling curve from 20 °C
to -85 °C connected to a Radleys 10-litre glass
reactor.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 7.5 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results
This 2-hour test shows that the Unistat® 830
can cool the “internal” (jacket) temperature to
-76 °C with a resultant process temperature of
-66 °C.

e J3cket temperature
m—— Process temperature
m— Setpoint
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huber

U n istat® 830 Setup details | =
Unistat® 830 & Radleys reactor LI » @
Controlling a 200 W (172 kcal / hr) exother- Temperature range:  -85...200 °C o e
mic reaction in a Radleys 10-litre jacketed Cooling power: 3.8 kW @ 100 °C < = |
reactor 3.6 kW @0 °C % 3
] Heating power: 3 kw P iy
Requirement . . Hoses: 2x1.5 m; M30x1.5 (#6386) I__
The graphic illustrates the dynamic of a Uni- HTF: DW-Therm (#6479) ;
stat® 830 working with a Radleys 10-litre glass Reactor: 10 litre jacketed glass g
reactor. An exothermic reaction is simulated at reactor
0 °C with a power of 200 W (172 kcal / hr). Reactor contents: 7.5 litre M90.055.03
(#6259)
Method Reactor stirrer speed: 80 rpm
The Unistat® and reactor are connected using Control: process

two 1.5-metre insulated metal hoses. The reac-
tor is filled with 7.5 litre of “M90.055.03", a
Huber supplied silicon based HTF. The exother-
mic reactions are simulated using a controlled
electric immersion heater.

Results

The heat input results in a temperature rise of
approx. 3 K. The internal temperature jumps to
approx. -26.3 °C to pull the process tempera-
ture back to its initial conditions. In 22 minutes
the process temperature recovers to 0 °C.

The heating is then removed from the reactor
(at 02:55:00) and the sudden heat loss is com-
pensated in 17 minutes.

Version: 9/2009
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Setup details

Hoses:
HTF:
Reactor:

Control:

Temperature range:
Cooling power:

Heating power:

Reactor contents:

Unistat® 830 & Radleys 10-litre glass reactor

-85...200 °C

3.8 kW @ 100 °C
3.6kw@0-°C

3 kw

2x1.5 m; M30x1.5 (#6386)
DW-Therm (#6479)

10 litre jacketed glass
reactor

7.5 litre M90.055.03
(#6259)

Reactor stirrer speed: 80 rpm

process

Unistat® 830

CHeating a Radleys 10-litre glass reactor
from 20 °C to 60 °C

Requirement

This short test measures the heating time of
Unistat® 830 from 20 °C to 60 °C in a Radleys
10-litre glass reactor.

Method

The Unistat® and reactor are connected
using two 1.5-metre insulated metal hoses. The
reactor is filled with 7.5 litre of “M90.055.03",
a Huber supplied silicon based HTF.

Results

The internal temperature provides a heat-
ing rate of 5.4 K/ min to the process. As a
result the process temperature reaches 60 °C
in 28 minutes.
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Unistat® 830

Heating & cooling a Radleys 10-litre jacketed
reactor

Requirement
The graphic shows the performance of Uni-
stat® 830 working to heat and cool a 10-litre
glass reactor between 20 °C to 100 °C and
back to 20 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 7.5 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The Unistat® ramps the process through 80 K
(20 °C to 100 °C) in approximately 39 minutes.
The cooling cycle back to 20 °C takes approxi-
mately 38 minutes. In both cases the control is
exact with minimal over shoot.

Setup details

Unistat® 830 & Radleys reactor

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:
Reactor:

Reactor contents:

Reactor stirrer speed:
Control:

-85...200 °C

3.8 kW @ 100 °C
3.6kw@0-°C

3 kW

2x1.5 m; M30x1.5
(#6386)

DW-Therm (#6479)
10 litre jacketed glass
reactor

7.5 litre M90.055.03
(#6259)

80 rpm

process

e Jacket temperature
= Process temperature

= Setpoint
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Setup details

Unistat® 830 & Radleys reactor

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:

Reactor:

Reactor contents:

Reactor stirrer speed:
Control:

-85...200 °C

4.0 kW @ 200 °C

3.8 kW @ 100 °C

3.6 kW@ 0°C

3 kw

2x1.5 m; M30x1.5 (#6386)
DW-Therm (#6479)
10 litre jacketed glass
reactor

7.5 litre M90.055.03
(#6259)

80 rom

process

Unistat® 830

Cooling a Radleys 10-litre jacketed reactor
from 180 °C to 20 °C

Requirement

The graphic demonstrates the performance of
a Unistat® 830 working to control the process
temperature inside a Radleys 10-litre reactor.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 7.5 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The internal temperature goes down to
approx. -27 °C within 34 minutes. This provides
cooling at a rate of 6.5 K/ min to the process.
The process temperature takes 55 minutes to
be fully stable at 20 °C and remains exact and
stable at the set-point.

e |3cket temperature
m— Process temperature
= Setpoint
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Unistat® 830

Cooling a DDPS 25-litre jacketed glass reac-
tor from 180 °C to 20 °C

Requirement

The graphic shows the performance of a Uni-
stat® 830 cooling a DDPS 25-litre jacketed
glass reactor from 180 °C to 20 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 18.75 litre of “M90.055.03",
a Huber supplied silicon based HTF.

Results

The “internal” (jacket) temperature cools to
approx. -40 °C at a ramp rate of 2.86 K/ min.
As a result the set-point is achieved in
71 minutes.

Setup details
Unistat® 830 & DDPS reactor

Temperature range: -85...200 °C

Cooling power: 3.6 kW @0-°C
2.2 kW @ -60 °C
Heating power: 3 kw
Hoses: 2x1.5 m; M38x1.5
(#6656)
HTF: DW-Therm (#6479)
Reactor: 25 litre vacuum

insulated glass reactor
Reactor contents: 18.75 litre M90.055.03

(#6259)
Reactor stirrer speed: 70 rpm
Control: process

e |3cket temperature
m—— Process temperature
m— Setpoint
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Setup details
Unistat® 830 & DDPS

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:

Reactor:

Reactor contents:

reactor

-85...200 °C

3.6 kW@ 0 °C

2.2 kW @ -60 °C

3 kw

2x1.5 m; M38x1.5 (#6656)
DW-Therm (#6479)

25 litre vacuum insulated
glass reactor

18.75 litre M90.055.03

Unistat® 830

Heating and cooling a DDPS 25-litre reac-
tor between 20 °C and 60 °C

Requirement

The case study shows a test result of a Unistat®
830 working to respond to a temperature set-
point change in a 25-litre glass reactor.

Method

(#6259) The Unistat® and reactor are connected using
Reactor stirrer speed: 70 rpm two 1.5-metre insulated metal hoses. The reac-
Control: process tor is filled with 18.75 litre of “M90.055.03",
a Huber supplied silicon based HTF.
Results
The Unistat® needs approximately 24 minutes
to heat the reactor up to 60 °C. The heating
rate ramps at approximately at 1.4 K/ min at
the process temperature curve. On the other
hand, the cooling process back to 20 °C takes
24 minutes. This cooling of the process tem-
perature is at a rate of 1.6 K/ min.
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Unistat® 830

Cooling a 25-litre reactor to Tmin

Requirement

The test is performed to investigate the mini-
mum achievable process temperature in a
DDPS 25-litre glass reactor when connected to
a Unistat® 830.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 18.75 litre of “M90.055.03",
a Huber supplied silicon based HTF.

Results

The graphic demonstrates that the Unistat®
is able to pull the “internal” (jacket) tempera-
ture to -80 °C with a corresponding process
temperature to approximately -69 °C within
the test period.

Setup details
Unistat® 830 & DDPS reactor

Temperature range: -85...200 °C

Cooling power: 3.6 kW @0-°C
2.2 kW @ -60 °C
Heating power: 3 kw
Hoses: 2x1.5 m; M38x1.5
(#6656)
HTF: DW-Therm (#6479)
Reactor: 25 litre vacuum insulated

glass reactor
Reactor contents: 18.75 litre M90.055.03

(#6259)
Reactor stirrer speed: 70 rpm
Control: process

|3 cket temperature
= Process temperature
m— Setpoint
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Case Study CS 62
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Version: 9/2009

Unistat® 830

Heating a DDPS 25-litre glass reactor

Requirement

The diagram shows the temperature profile of
a Unistat® 830 working with a DDPS 25-litre
reactor within a temperature range from 20 to
100 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 18.75 litre of “M90.055.03",
a Huber supplied silicon based HTF.

Results

The Unistat® takes 28 minutes to heat the
process temperature up to 100 °C an average
ramp rate > 2 K/ min and the jacket tempera-
ture > 3 K/ min.

Setup details
Unistat® 830 & DDPS reactor

Temperature range: -85...200 °C

Cooling power: 3.6kw@0-°C
2.2 kW @ -60 °C
Heating power: 3 kw
Hoses: 2x1.5 m; M38x1.5
(#6656)
HTF: DW-Therm (#6479)
Reactor: 25 litre vacuum

insulated glass reactor

Reactor contents: 18.75 litre M90.055.03

(#6259)

Reactor stirrer speed: 70 rpm
Control:

process
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Case Study CS 95

Setup details
Unistat® 830 & Bichi reactor (btichiglasuster)

Temperature range: -85...200 °C

Cooling power: 3.5 kW @ -20...-40 °C

2.2 kW @ -60 °C

0.7 kW @ -80 °C
Heating power: 3 kW
Hoses: 2x1.5 m; M30x1.5 (#6386)
HTF: DW-Therm (#6479)
Reactor: 20 litre un-insulated jack-

eted metal pressure reactor
Reactor contents: 15 litre M90.055.03

(#6259)
Reactor stirrer speed: 400 rpm
Control: internal

Unistat® 830

Cooling a Biichi 20-litre metal reactor to
Tmin

Requirement

This case study looks at the performance of a
Unistat® 830 cooling a 20-litre metal reactor
to Tmin under “internal” (jacket) control.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 15 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The initial ramp rate from 20 °C to -40 °C
(60 K) over approximately 12 minutes (a ramp
rate of 5 K / min) is almost linear before the
cooling power begins to asymptote and the
ramp rate slows. After 2 hours the “internal”
(jacket) temperature reaches -80 °C with a
corresponding process temperature of -67 °C.
Both temperatures continue to trend lower but
with a slowing ramp rate.

e Jacket temperature
= Process temperature
== Setpoint

SI9A




Case Study CS 97

huber

Unistat® 830

Heating and cooling a 20-litre metal

Setup details

Unistat® 830 & Blichi reactor (blchiglasuster)

Version: 9/2009

Temperature range: -85...200 °C
jacketed reactor under different control Cooling power: 3.6 kW @ 100 °C
dynamics 3.5kW @0 °C

. Heating power: 3 kw
Requirement Hoses: 2x1.5 m; M30x1.5 (#6386)
A standard feature of the "Unistat®-Pilot” is HTF: DW-Therm (#6479)
to choose “fast, small overshoot” or “without Reactor: 20 litre jacketed
overshoot” when reaching a set-point. un-insulated metal
The graphic shows the differences in perform- pressure reactor
ance between these settings. In this test the Reactor contents: 15 litre M90.055.03
Unistat® 830 is programmed to alternate be- (#6259)
tween 20 °C and 60 °C. Reactor stirrer speed: 400 rpm

Control: process
Method
The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 15 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The first process curve (fast, small overshoot)
reaches 60 °C in just 22 minutes with the sec-
ond process curve (without overshoot) takes
35 minutes to reach the same set-point tem-
perature.

It can be seen that the overshoot is very mini-
mal in the “fast, small overshoot” mode.
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Case Study CS 98

Setup details
Unistat® 830 & Bichi reactor (btichiglasuster)

Temperature range: -85...200 °C

Cooling power: 3.6 kW @ 100 °C
3.5kw@0°C

Heating power: 3 kW

Hoses: 2x1.5 m; M30x1.5 (#6386)

HTF: DW-Therm (#6479)

Reactor: 20 litre un-insulated

jacketed metal
pressure reactor
Reactor contents: 15 litre M90.055.03

(#6259)
Reactor stirrer speed: 400 rpm
Control: process

Unistat® 830

Cooling a Biichi 20-litre metal reactor from
100 °C to 20 °C

Requirement

This case study looks at the performance
of a Unistat® 830 cooling a Buchi 20-litre
metal jacketed reactor from 100 °C to 20 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 15 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The process temperature cools smoothly and
exactly to its new set-point of 20 °C after
ramping through 80 K (100 °C to 20 °C).

|3 cket temperature
m—— Process temperature
m— Setpoint




Case Study CS 99 huber

Version: 9/2009

1 ® 83 o Setup details
U n IStat Unistat® 830 & Blichi reactor (blchiglasuster)

Heating & cooling a 20-litre metal jacketed Temperature range:  -85...200 °C
reactor between 20 °C and 180 °C Cooling power: 4.0 kW @ 200 °C
3.8 kW @ 100 °C
Requirement 3.5kw@0-°C
This case study is to look at the performance of Heating power: 3 kW
a Unistat® 830 heating and cooling a 20-litre Hoses: 2x1.5 m; M30x1.5
metal jacketed reactor from 20 °C to 180 °C (#6386)
and back to 20 °C. HTF: DW-Therm (#6479)
Reactor: 20 litre un-insulated
Method jacketed metal pressure
The Unistat® and reactor are connected using reactor
two 1.5-metre insulated metal hoses. The reac- Reactor contents: 15 litre M90.055.03
tor is filled with 15 litre of “M90.055.03", a (#6259)
Huber supplied silicon based HTF. Reactor stirrer speed: 400 rpm
Control: process
Results

The HTF used is DW-Therm which has a maxi-
mum temperature of 200 °C. It can be seen
that the unit prevents the DW-Therm from
exceeding its limits while still accurately con-
trolling the process to its new set-point.
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Case Study CS 27

Setup details
Unistat® 910w & Chemglass reactor

Temperature range: -90...250 °C

Cooling power: 5.2 kW @ 250...-20 °C
Heating power: 6.0 kW

Hoses: 2x1.5 m; M30x1.5 (#6386)
HTF: DW-Therm (#6479)
Reactor: 50 litre un-insulated

jacketed glass reactor
Reactor content: 35 litre M90.055.03

(#6259)
Stirrer speed: 80 rpm
Control: process

Unistat® 910w

Heating and cooling a Chemglass 50-litre
un-insulated glass reactor

Requirement

The graphic shows the performance of a
Unistat® 910w connected to an un-insulated
50 litre reactor with M30x1.5 hoses.

Method

The Unistat® and reactor are connected
using two 1.5-metre insulated metal hoses. The
reactor is filled with 35 litre of “M90.055.03",
a Huber supplied silicon based HTF.

Results

From a starting temperature of 20 °C, the pur-
pose of the test is to illustrate the ramp speed
of the process temperature in response to set-
point of 100 °C and then back to 20 °C.

The process temperature reaches 100 °C
from 20 °C within 53 minutes (ramp rate
> 1.3 K / min). The cooling ramp-rate is
> 1.7 K/ min reaching 20 °C from 100 °C in
47 minutes.

|3 cket temperature
m—— Process temperature
m— Setpoint




Case Study CS 26

Unistat® 910w

Heating a 50-litre jacketed glass reactor
from -50 °C to 20 °C

Requirement

This case study demonstrates the response of
Unistat® 910w to heat the contents of an un-
insulated 50-litre glass reactor from -50 °C to
20 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 35 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The process temperature is ramped rapidly
to set-point with a negligible overshoot and
achieving stability within 40 minutes.

Setup details
Unistat® 910w & Chemglass reactor

Temperature range:  -90...250 °C
Cooling power: 5.2 kW @ 250...-20 °C

4.7 kW @ -40 °C
Heating power: 6.0 kW
Hoses: 2x1.5 m; M30x1.5
(#6386)
HTF: DW-Therm (#6479)
Reactor: 50 litre un-insulated

jacketed glass reactor

Reactor content 35 litre M90.055.03

(#6259)
Stirrer speed 80 rpm
Control process

e |3cket temperature
m— Process temperature
= Setpoint
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Case Study CS 40

Setup details

Unistat® 910w & Radleys reactor

Temperature range:
Cooling power:

Heating power:

Hoses:
- HTF:
L ] Reactor:
{4
Reactor content
== 9 Stirrer speed
Control
=
1
L
&
o

-90...250 °C

5.2 kW @ 250...-20 °C
4.7 kW @ -40 °C

6.0 kW

2x1.5 m; M30x1.5 (#6386)
DW-Therm (#6479)

10 litre jacketed glass
reactor

7.5 litre M90.055.03
(#6259)

80 rpm

process

Unistat® 910w

300W (258 kcal / hr) exothermic reaction
Radleys 10-litre jacketed reactor

Requirement

A 300 W (258 kcal / hr) exothermic reaction
is simulated at 0 °C using an electric heater
inside a Radleys 10-litre glass reactor.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 7.5 litre of “M90.055.03", a
Huber supplied silicon based HTF. The exother-
mic reactions are simulated using a controlled
electric immersion heater.

Results

The process temperature rise to approx. 5 °C as
the jacket temperature cools to approx. -38 °C
in order to remove the heat generated by the
simulated exothermic reaction. This cools the
process temperature at a rate of 5.4 K/ min.
As a result the process temperature recovers to
target in approximately 13 minutes.

When the heater is turned off removing the
extra heat, the process cools but is rapidly re-
turned to the set-point.

Termperature in [°C]

E i Heétéri'tﬂr‘n‘eﬂ',,‘()ril“ """"
1 stavalieof300 W """

Fe R i R e e

et e R el

________ o e

Recovery to setpoint

o iz e e
s gt e ERRPR F

U
o R RS
ST

o5
=30 4
37
a4 ]
36 1
35
a0

47 7

] T A [T T

e de 2 WEs R r o)

O fal i G T W TR e KT G

Tyt [ TR R s

(e ien s e |7 | == Jacket temperature oy

E‘ """" " """" ‘:"' m—— Process temperature "'?

e S || —Setpoint =y

L— A s . . S

—————,—— ——— ———
06:45:00 D06:50:00 06:55:00 07:00:00 07:05:00 07:10:00 071500 07:20:00 07:25:00 07:30:00 07:35:00 07:40:00 07:45:00

Time in hh:mm:ss

www.huber-online.com

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.

6007/6 :UOISIIA



Case Study CS 90

Unistat® 910w

Cooling a Biichi 20-litre reactor to “Trmin"

Requirement

This case study is to find the minimum tem-
perature that a Unistat® 910w can take the
jacket and the resultant process temperature
of a Buchi 20-litre glass reactor.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 15 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

Initially the jacket temperature ramps at a
rate of 11 K/ min and begins to asymptote
between -60 °C and -65 °C and finally bottom-
ing out at -82 °C.

The minimum resultant process temperature is
around -75 °C. If the test was allowed to run
on this would probably have cooled another
degree or so.

Setup details
Unistat® 910w & Bichi reactor (bichiglasuster)

Temperature range:  -90...250 °C

Cooling power: 5.2 kW @ 250...-20 °C
4.7 kW @ -40 °C
3.1 kW @ -60 °C

Heating power: 6.0 kW

Hoses: 2x1.5 m; M38x1.5
(#6656)

HTF: DW-Therm (#6479)

Reactor: 20 litre un-insulated
jacketed glass reactor

Reactor content: 15 litre M90.055.03
(#6259)

Stirrer speed: 70 rpm

Control: internal

= Jacket temperature

= Process temperature

= Setpoint




Setup details
Unistat® 910w & Blichi reactor (blchiglasuster)

-90...250 °C

5.2 kW @ 250...-20 °C
4.7 kW @ -40 °C
Heating power: 6.0 kW

Hoses: 2x1.5 m; M38x1.5 (#6656)
HTF: DW-Therm (#6479)
Reactor: 20 litre jacketed glass
reactor

15 litre M90.055.03
(#6259)

70 rpm

process

Temperature range:
Cooling power:

Reactor content:

Stirrer speed:
Control:

Case Study CS 91

Unistat® 910w

Controlling exothermic reactions in a Biichi
20-litre glass reactor

Requirement

This case study looks at how well a Uni-
stat® 910w controls a simulated 600 W
(516 kcal / hr) exothermic reaction in a Buchi
20-litre glass reactor.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 15 litre of “M90.055.03", a
Huber supplied silicon based HTF. The exother-
mic reactions are simulated using a controlled
electric immersion heater.

Result

The response of the Unistat® 910w to a sud-
den increase in temperature caused by the heat
from the simulated exothermic is rapid as the
jacket is cooled to -49 °C from 0 °C in around
7 minutes. The process temperature is pulled
back to its set-point exactly and held stable.
Once the heater is turned off the Unistat®
910w again responds to return the fall-
ing process temperature to its set-point by
ramping through 56 K (-39 °C to 17 °C) in
7 minutes.

= Jacket temperature
= Process temperature

= Setpoint




Case Study CS 92
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Version: 9/2009

Unistat® 910w

Cooling a 20-litre jacketed glass reactor
from 20 °C to -60 °C then to Tmin

Requirement

This case study looks at the performance of a
Unistat® 910w cooling a Bichi 20-litre glass
reactor first to -60 °C and then to Twmin under
“process” control.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 15 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The initial ,internal” (jacket) ramp rate is over
6.5 K/ min and cools the jacket to -60 °C in
less than 10 minutes with a corresponding
process ramp rate of 2.3 K/ min.

Once the target of -60 °C is reached and tem-
peratures stable the set-point is changed. After
1 hour it can be seen that T, for the jacket is
-82 °C with a corresponding process tempera-
ture of -75 °C.

Setup details
Unistat® 910w & Bichi reactor (bichiglasuster)

Temperature range:  -90...250 °C

Cooling power: 4.7 kW @ -40 °C
3.1 kW @ -60 °C
0.9 kW @ -80 °C

Heating power: 6.0 kW

Hoses: 2x1.5 m; M38x1.5
(#6656)

HTF: DW-Therm (#6479)

Reactor: 20 litre jacketed glass
reactor

Reactor content: 15 litre M90.055.03
(#6259)

Stirrer speed: 70 rpm

Control: process
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e |3cket temperature

m—— Process temperature
== Setpoint

Setup details
Unistat® 910w & Buchi reactor (blchiglasuster)

Temperature range: -90...250 °C
Cooling power: 5.2 kW @ 250...-20 °C

Heating power: 6.0 kW

Hoses: 2x 1.5 m; M38x1.5
(#6656)

HTF: DW-Therm (#6479)

Reactor: 20 litre jacketed glass
reactor

Reactor content 15 litre M90.055.03
(#6259)

Stirrer speed 70 rpm

Control process

Unistat® 910w

Heating & cooling a Biichi 20-litre jacketed
glass reactor from 20 °C to 100 °C to 20 °C

Requirement

This case study looks at the performance of a
Unistat® 910w heating and cooling a Buchi
20-litre jacketed glass reactor between 20 °C
to 100 °C and back to 20 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 15 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

Under process control the jacket temperature
ramps rapidly in order to ramp the process to
its set-point as quickly as possible. In the cool-
ing cycle it can be seen that the jacket cools to
-42 °C from 100 °C (142 K) to pull the process
back to 20 °C within 15 minutes (which is a
ramp rate of 9.5 K/min!) before ramping back
to guide the process to its set-point with no
under shoot.




Case Study CS 94

Unistat® 910w

Heating and cooling a 20-litre jacketed
glass reactor from 20 °C to 180 °C to 20 °C

Requirement
This case study looks at the performance of a
Unistat® 910w heating and cooling a 20-litre
jacketed reactor from 20 °C to 180 °C and
back to 20 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 15 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

Because the maximum temperature of DW-
Therm (the chosen HTF) the , internal” (jacket)
temperature is limited to 200 °C. This limit can
be seen at the top of the heating curve as the
Jinternal” (jacket) temperature runs “flat” at
just below 200 °C.

Under “process” control the jacket is ramped
rapidly to drag the process to its new set points
as quickly as possible. It can be seen that in the
cooling curve the jacket ramps to -48 °C from
188 °C (236 K) within 32 minutes at a ramp
rate > 5.7 K/ min.

= Jacket temperature

= Process temperature

== Setpoint

Setup details
Unistat® 910w & Biichi reactor (bichiglasuster)

Temperature range:  -90...250 °C
Cooling power: 5.2 kW @ 250...-20 °C

Heating power: 6.0 kW

Hoses: 2x1.5 m; M38x1.5 (#6656)

HTF: DW-Therm (#6479)

Reactor: 20 litre jacketed glass
reactor

Reactor content 15 litre M90.055.03
(#6259)

Stirrer speed 70 rpm

Control process




Case Study CS 41

e Jacket temperature

m— Process temperature

= Setpoint

Unistat® 910w

Minimum and maximum temperature
with a Radleys 10-litre glass reactor

Requirement

The graphic shows the performance of a Uni-
stat® 910w working within its minimum and
maximum temperature range when working
with DW-Therm as an HTF. The minimum tem-
perature is set to -90 °C but the maximum
temperature is limited to 200 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 7.5 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The internal temperature jumps quickly to ap-
proximately -63 °C in 11 minutes and regu-
lates the process temperature towards the set-
point. It reaches -80 °C after 2 hours and the
AT difference is only 3 K.

With a heating power of 6 kW the machine
brings the internal temperature to 180 °C very

quickly. The temperature difference of 260 K
is being ramped at a rate of 5.5 K/ min and
completed in 47 minutes.

Setup details
Unistat® 910w & Radleys reactor

Temperature range: -90...250 °C
Cooling power: 5.2 kW @ 250...-20 °C

4.7 kW @ -40 °C
3.1 kW @ -60 °C
0.9 kW @ -80 °C
Heating power: 6.0 kW
Hoses: 2x 1.5 m; M30x1.5
(#6386)
HTF: DW-Therm (#6479)
Reactor: 10 litre jacketed glass
reactor
Reactor content 7.5 litre M90.055.03
(#6259)
Stirrer speed 200 rpm
Control internal
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Unistat® 910w

Periodic and Aperiodic on a Radleys
10-litre glass reactor

to 20 °C) shows the same temperature profile
but with “Aperiodic - no overshoot” control.
The Unistat® takes slightly longer to heat and

huber

Version: 9/2009

f‘
4

Requirement cool to avoid any over or undershoot of the
Every Unistat® can be set to ramp “Fast with set-point. -
small over shoot” or “No overshoot”. This =

case study looks at the response of a Unistat®
910w working with a Radleys 10-Litre reactor
under different “control dynamics”.

Method

The Unistat® and reactor are connected using

two 1.5-metre insulated metal hoses. The reac-

tor is filled with 7.5 litre of “M90.055.03", a Setup details

Huber supplied silicon based HTF. Unistat® 910w & Radleys reactor

Results Temperature range:  -90...250 °C

The first & second curves (20 °C to 60 °C and Cooling power: 5.2 kW @ 250...-20 °C

back to 20 °C) show the function of “Periodic Heating power: 6.0 kW E“
- fast, small overshoot” control dynamic. The Hoses: 2x1.5 m; M30x1.5

first curve illustrates a heating from 20 °C to (#6386)

60 °C in a time of 26 minutes. It can be clearly HTF: DW-Therm (#6479)

seen that the internal temperature heats to Reactor: 10 litre jacketed glass

86 °C, thus the process temperature reaches reactor

60 °C very quickly. The Unistat® 910w cools Reactor content: 7.5 litre M90.055.03

the 10-litre reactor back to 20 °C in approxi- (#6259) &
mately 17 minutes through a AT of 40 K. Stirrer speed: 200 rpm T

The third and fourth curves (20 °C to 60 °C Control: process v
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= Jacket temperature

= Process temperature

= Setpoint

Setup details

Unistat® 910w & Radleys reactor

Temperature range:
Cooling power:
Heating power:
Hoses:

HTF:

Reactor:

Reactor content:

Stirrer speed:
Control:

-90...250 °C

5.2 kW @ 250...-20 °C
6.0 kW

2x1.5 m; M30x1.5 (#6386)
DW-Therm (#6479)

10 litre jacketed glass
reactor

7.5 litre M90.055.03
(#6259)

200 rpm

process

Unistat® 910w

Heating and cooling a Radleys 10-litre
glass reactor

Requirement

The graphic shows the temperature profile of a
Unistat® 910w working with a Radleys 10-litre
glass reactor.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 7.5 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The Unistat® needs only 36 minutes to heat the
reactor up to 100 °C. The process temperature
heating rate ramps at > 2.6 K/ min. The cool-
ing process temperature back to 20 °C takes
31 minutes to accomplish. This process cooling
ramps occurs at a rate of 4.16 K/ min.

The Unistat® 910w is over-sized for a 10-litre
reactor but the capabilities of the unit to work
accurately with small as well as larger vessels
is demonstrated here. The superb flexibility of
the unit as well as the control capability can
clearly be seen here.
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Unistat® 910w

Cooling a Radleys 10-litre reactor from
180 °C to 20 °C

Requirement

This graphic shows the performance of a Uni-
stat® 910w cooling a Radleys 10-litre glass
reactor from 180 °C to 20 °C under process
control.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 7.5 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The ,internal” (jacket) temperature quickly
cools to -28 °C pulling the process tempera-
ture to the set-point.

The process temperature ramps through 160 K
(180 °C to 20 °C) in 32 minutes, a process
ramp rate of 5 K/ min.

Setup details
Unistat® 910w & Radleys reactor

Temperature range:  -90...250 °C
Cooling power: 5.2 kW @ 250...-20 °C

4.7 kW @ -40 °C
Heating power: 6.0 kW
Hoses: 2x1.5 m; M30x1.5
(#6386)
HTF: DW-Therm (#6479)
Reactor: 10 litre glass reactor
Reactor content: 7.5 litre M90.055.03
(#6259)
Stirrer speed: 200 rpm
Control: process

e Jacket temperature
= Process temperature

= Setpoint




— huber

144 |

Case Study CS 51

s B’ setup details Unistat® 910w
L0 Unistat® 910w & Radleys 10-litre reactor
Temperature range:  -90...250 °C Cooling a Radleys 10-litre reactor to Tmin
Cooling power: 5.2 kW @ 250...-20 °C .
4.7 kW @ -40 °C Requirement
- 31 kW @ -60 °C The diagram illustrates the performance of
= Heating power: 6.0 kW a Unistat® 910w undergoing two set-point
&= Hoses: 2x1.5 m: M30x1.5 (#6386) changes, the second set-point is entered to
HTE: DW-Therm (#6479) find out the lowest temperature that the
4 Reactor: 10 litre jacketed glass Radleys 10 litre reactor jacket and process can
reactor achieve in this set-up (“Tmin").
= 9 Reactor content: 7.5 litre M90.055.03
(#6259) Method ,
s Stirrer speed: 200 rpm The Unistat® and reactor are connected using
Control: process two 1.5-metre insulated metal hoses. The reac-
tor is filled with 7.5 litre of “M90.055.03", a
Huber supplied silicon based HTF.
:“ Results
The temperature profile is programmed, con-
trolled and recorded with “Spy Control” soft-
ware. The Unistat® 910w is connected to a
10-litre glass reactor with a pair of M30x1.5
hoses.
For the first segment the process temperature
i reach -60 °C in approx. 100 minutes. Then the
o minimum process temperature achieved was
Ir " - -81 °C with a jacket temperature of -84 °C.
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Unistat® 910w

Rapid heating and cooling of a DDPS
25-litre jacketed glass reactor

Requirement

This case study demonstrates the heating and
cooling performance of a Unistat® 910w con-
nected to a DDPS 25-litre vacuum insulated
jacketed glass reactor.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 18.75 litre of “M90.055.03",
a Huber supplied silicon based HTF.

Results

To heat the contents (18.75 litre M90.055.03)
from 20 °C to 60 °C takes 29 minutes. To cool
back to a 20 °C set-point takes approximately
20 minutes.

Setup details
Unistat® 910w & DDPS reactor

Temperature range:  -90...250 °C
Cooling power: 5.2 kW @ 250...-20 °C

4.7 kW @ -40 °C
Heating power: 6.0 kW
Hoses: 2x1.5 m; M38x1.5
(#6656)
HTF: DW-Therm (#6479)
Reactor: 25 litre vacuum

insulated jacketed
glass reactor

Reactor content: 18.75 litre M90.055.03

(#6259)
Stirrer speed: 70 rpm
Control: process

e Jacket temperature
=== Process temperature

= Setpoint
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Setup details
Unistat® 910w & DDPS reactor

Temperature range: -90...250 °C

Cooling power: 4.7 kW @ -40 °C

3.1 kW @ -60 °C

0.9 kW @ -80 °C
Heating power: 6.0 kW
Hoses: 2x1.5 m; M38x1.5 (#6656)
HTF: DW-Therm (#6479)
Reactor: 25 litre vacuum insulated

jacketed glass reactor
Reactor content: 18.75 litre M90.055.03

(#6259)
Stirrer speed: 70 rpm
Control: process

Unistat® 910w

Cooling a DDPS 25-litre jacketed glass re-
actor to Tmin

Requirement

The graphic shows the performance of a Uni-
stat® 910w cooling a DDPS 25-litre vacuum
insulated jacketed glass reactor to “Tmin" under
process control from 20 to -90 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 18.75 litre of “M90.055.03",
a Huber supplied silicon based HTF.

Results

The ,internal” (jacket) temperature cools to
-65 °C in just 15 minutes in order to pull the
process to the lowest possible temperature.
The reactor is un-insulated and because of high
losses the cooling rate asymptotes early with
the ,internal” (jacket) temperature going no
lower than -82 °C during the 2-hour test with
a corresponding process “Tmin" of -75 °C.

= Jacket temperature
= Process temperature

= Setpoint
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Unistat® 910w

Cooling a DDPS 25-litre reactor from 100 °C
to 20 °C

Requirement

The graphic shows the performance of a Uni-
stat® 910w working to cool a DDPS 25-litre
vacuum insulated reactor from 100 °C to
20 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 18.75 litre of “M90.055.03",
a Huber supplied silicon based HTF.

Results

The internal temperature cools to approxi-
mately -52 °C cooling to create a wide AT
resulting in the the process temperature ramp-
ing quickly through 80 K to reach the set-point
temperature in 40 minutes.

Setup details

Unistat® 910w & DDPS reactor

Temperature range:
Cooling power:
Heating power:
Hoses:

HTF:
Reactor:
Reactor content:

Stirrer speed:
Control:

-90...250 °C

5.2 kW @ 250...-20 °C
6.0 kW

2x1.5 m; M38x1.5
(#6656)

DW-Therm (#6479)

25 litre vacuum
insulated jacketed
glass reactor

18.75 litre M90.055.03
(#6259)

70 rpm

process

|3 cket temperature
m—— Process temperature
m— Setpoint
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i

Setup details
Unistat® 910w & DDPS reactor

Temperature range: -90...250 °C
Cooling power: 5.2 kW @ 250...-20 °C
4.7 kW @ -40 °C
3.1 kW @ -60 °C
Heating power: 6.0 kW
Hoses: 2x1.5 m; M38x1.5 (#6656)
HTF: DW-Therm (#6479)
Reactor: 25 litre vacuum insulated

jacketed glass reactor

Reactor content: 18.75 litre M90.055.03

(#6259)
Stirrer speed: 70 rpm
Control: process

Unistat® 910w

Controlling an exothermic reaction of
600 W (516 kcal / hr) in a DDPS 25-litre
jacketed glass reactor

Requirement

The test is conducted to investigate the per-
formance of Unistat® 910w controlling a
simulated 600 W (516 kcal/hr) exothermic
reaction in a DDPS 25-litre vacuum insulated
glass reactor.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 18.75 litre of “M90.055.03",
a Huber supplied silicon based HTF. The simu-
lated reactions are carried out using a control-
led electric immersion heater.

Results

When an increase in temperature caused by
the simulated exothermic reaction is sensed
the jacket temperature reacts very quickly to
remove the heat. A cooling rate of approx.
7.7 K/ min equals the temperature rise of
approx. 3.7 K within 13 minutes and the set-
point is kept exactly on the set-point.
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Unistat® 910w

Alternating between 20 °C and -60 °Con a
Biichi 10-litre reactor

Requirement

The graphic shows the cooling and heating
performance of a Unistat® 910w cooling and
heating a Buchi 10-litre reactor between 20 °C
and -60 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 7.5 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The ,internal” (jacket) temperature cools to
-65 °C within 10 minutes and finally to -77 °C
to pull the process temperature as quickly as
possible to -60 °C. This represents a cooling
rate of 7.8 K/ min and the cooling process is
completed in 65 minutes.

Meanwhile the heating process occurs at a rate

Iu

= Jacket temperature
= Process temperature

= Setpoint

of 10.5 K/ min at the internal temperature. It
jumps to approximately 70 °C and pulls the
process temperature to 20 °C in 30 minutes.

Setup details
Unistat® 910w & Bulchi «miniPilot» 10 reactor
(btichiglasuster)

Temperature range:  -90...250 °C
Cooling power: 5.2 kW @ 250...-20 °C
4.7 kW @ -40 °C
3.1 kW @ -60 °C
Heating power: 6.0 kW
Hoses: 2x1.5 m; M30x1.5
(#6386)
HTF: DW-Therm (#6479)
Reactor: 10 litre jacketed glass
reactor
7.5 litre M90.055.03
(#6259)
Stirrer speed: 400 rpm
Control: process

Reactor content:
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Case Study CS 1106

Setup details

Temperature range:

Cooling power:

Heating power:

Hoses:

HTF:
Reactor:

Unistat® 910w & Diehm 100-litre reactor

-90...250 °C

5.2 kW from 250 °C to
-20 °C

4.7 kW @ -40 °C

3.1 kW @ -60 °C

0.9 kW @ -80 °C

6.0 kW

M38x1.5; 1x 2m #6657 ;
1x1Tm # 6655, VPC Bypass
installed

M90.055.03 (#6259)
100-litre Diehm
un-insulated jacketed
glass reactor

Unistat® 910w

Cooling a Diehm 100-litre jacketed glass
reactor to Trin

Requirement

This case study looks at the minimum process
temperature that a Diehm 100-litre reactor can
reach when connected to a Unistat® 910w.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Reactor content: 75 litre M90.055.03 Results
Stirrer speed: 410 rpm A 100-litre rea;tor represents a Iarge thgrmal
Control: process load for the Unistat® 910w which is designed
to operate on reactors of up to 50-litre howev-
er, over time the Unistat® 910w can still bring
the process temperature to -75 °C.
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Case Study CS 1108

s

Setup details
Unistat® 910w & Diehm 100-litre reactor

-90...250 °C

5.2kW from 250 °C to
-20 °C

4.7kW @ -40 °C
3.1kW @ -60 °C
0.9kW @ -80 °C

6.0 kW

M38x1.5; 1x 2m #6657;
1XTm # 6655,

VPC Bypass installed
HTF: M90.055.03 (#6259)
Reactor: 100-litre Diehm
un-insulated jacketed
glass reactor

75 litre M90.055.03
410 rpm

process

Temperature range:
Cooling power:

Heating power:
Hoses:

Reactor content:
Stirrer speed:
Control:

Unistat® 910w

Cooling a Diehm 100-litre jacketed glass
reactor to -30 °C from 120 °C

Requirement
This case study examines the performance of a
Unistat® 910w cooling a Diehm 100-litre jack-
eted glass reactor from 120 °C to -30 °C then
back to 20 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

Though the Unistat® 910w is designed for
(efficient) use on reactors up to a maximum of
50-litre, it can be seen how well the Unistat®
910w performs on a reactor twice that size.
The control is exact in both heating and cool-
ing as can be seen from the graphic below.
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Case Study CS 1110

Setup details
Unistat® 910w & Diehm 100-litre reactor

-90...250 °C

5.2 kW from 250 °C to
-20 °C

4.7 kW @ -40 °C

3.1 kW @ -60 °C

0.9 kW @ -80 °C

6.0 kW

Temperature range:
Cooling power:

Heating power:

Hoses: M38x1.5; 1x 2m #6657;
1XTm # 6655,
VPC Bypass installed
HTF: M90.055.03 (#6259)
Reactor: 100-litre Diehm

un-insulated jacketed
glass reactor

Reactor content: 75 litre M90.055.03

Unistat® 910w

Heating a Diehm 100-litre jacketed glass
reactor from -60 °C to 20 °C

Requirement

This case study looks at the speed of response
when the process temperature set-point is
changed from -60 °C to 20 °C in a Diehm
100-litre jacketed glass reactor.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Stirrer speed: 410 rpm Results .
Control: process It can be seen that the jacket temperature
ramps rapidly from -60 °C to 85 °C in around
50 minutes (average ramp rate of around
3 K / min) and as the process approaches its
set-point, ramping back to guide the process
exactly to its new set-point within 55 minutes
(average ramp rate of 1.5 K/ min) with a neg-
".!. ligible over-shoot.
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Version: 9/2009

Unistat® 910w

Heating a Diehm 100-litre jacketed glass
reactor from -80 °C to 20 °C

Requirement

This case study shows the effectiveness of a
Unistat® 910w in heating a Diehm 100-litre
jacketed glass reactor from -80 °C to 20 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

[t can be seen that the jacket temperature
ramps rapidly through 165 K (-80 to 85 °C)
within 1 hour then ramping quickly down as
the process approaches its target to guide the
process temperature to its new set-point.
Though oversized for a Unistat® 910w (de-
signed for efficient operation on reactors to a
maximum of 50-litre), the speed and accuracy
of the control is evident in the graphic below.

Setup details
Unistat® 910w & Diehm 100-litre reactor

Temperature range:  -90...250 °C
Cooling power: 5.2 kW from 250 °C
to-20 °C
4.7 kW @ -40 °C
3.1 kW @ -60 °C
0.9 kW @ -80 °C
Heating power: 6.0 kW
Hoses: M38x1.5; 1x 2m #6657;

1xTm # 6655,

VPC Bypass installed
HTF: M90.055.03 (#6259)
Reactor: 100-litre Diehm
un-insulated jacketed
glass reactor
75 litre M90.055.03
410 rpm
process

Reactor content:
Stirrer speed:
Control:

huber

& of 2.7 K/min to guII the process temperature
rapldly as. posmb&e to its new set-pqmt ............... i
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o = Jacket temperature | &
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Setup details
Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:

Reactor:

Reactor content:

Case Study CS A

-90...200 °C

16 kW @ 200...-20 °C
15 kW @ -40 °C

13,5 kW @ -60 °C

24 kW

M38x1,5; 2*2 m
DW-Therm

Blichi CR252

250-litre insulated jacketed
glass reactor

200-litre Ethanol

Reactor stirrer speed: 90 rpm

Control:

process

e J3cket temperature

=== Process temperature

== Setpoint
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Unistat® 925w

Controlled rate cooling of a Biichi «chem-
reactor» CR252, a 250-litre GLSS reactor

Requirement

When cooling a GLSS reactor it is vital to do so
in a manner that does not damage the glass
lining. This case study examines the capability
of a Unistat® 925w to cool the process tem-
perature in pre-programmed steps to -50°C
from 20°C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 200 litre of Ethanol.

Unistat® was limited to Tmin -60 °C due to
GLSS-reactor limitation.

Results

The minimum jacket temperature of the Buchi
reactor was limited to -60 °C as was the ramp
rate to avoid damaging the glass lining.

It can be seen that each step reaches its set-
point effortlessly and is maintained precisely to
allow the glass lining and steel body of the re-
actor to harmonize before the next cool-down
step is made.

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.
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Case Study CS B

Version: 9/2009

Unistat® 925w

M2227227227227272?272?7272?272272772°722°72772777272777?

Requirement

This case study looks at the capability of the
Unistat® 925w at controlling a Blchi CR252
filled with 200-litre of water.

Method

The Unistat® and reactor are connected using
two 2-metre insulated metal hoses. The reac-
tor is filled with 200 litre of water.

Firstly using TAC's singleshot identification
from 20 °C to 35 °C. Back at 20 °C the test
run up to 100 °C waas started. While reaching
100 °C the setpoint was changed immediately
due to the physical of water property.

Results

The minimum jacket temperature of the Buchi
reactor was limited to -60 °C as was the ramp
rate to avoid damaging the glass lining.

Water represents a very “heavy” thermal
load with a specific heat capacity (cp) of
4.18 KJ / Kg K. Despite this it can be seen that
the Unistat® 925w is able to heat and cool
this relatively large mass from 20°C to 100°C
and back to 20°C under tight and predictable
control.

s |3cket temperature
m—— Process temperature
== Setpoint

Setup details
Temperature range:  —-90...200 °C

Cooling power: 16 kW @ 200...-20 °C
15 kW @ -40 °C
13,5 kW @ -60 °C
Heating power: 24 kW
Hoses: M38x1,5; 2*2 m
HTF: DW-Therm
Reactor: Buichi CR252

250-litre insulated jacketed
GLSS reactor

Reactor content: 200-litre water
Reactor stirrer speed: 90 rpm
Control: process

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.

www.huber-online.com
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Case Study CS D

Setup details
Temperature range:  -90...200 °C

Cooling power: 16 kW @ 200...-20 °C
15 kW @ -40 °C
13,5 kW @ -60 °C
Heating power: 24 kW
Hoses: M38x1,5; 2*2 m
HTF: DW-Therm
Reactor: Buichi CR252
250-litre insulated jacketed reactor
Reactor content: 200-litre water
Reactor stirrer speed: 90 rpm
Control: process

Heat up curve with 24 kW heating power

160
153
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Unistat® 925w

Controlling a Biichi CR252 GLSS reactor
filled with water

Requirement

This case study examines the tightness and
speed of control when a Unistat® 925w is
used with a Biichi CR252 reactor filled with
200-litre of water.

Method

The Unistat® and reactor are connected using
two 2-metre insulated metal hoses.

The reactor is filled with 200 litre of water.

Results

The minimum jacket temperature of the Buchi
reactor was limited to -60 °C as was the ramp
rate to avoid damaging the glass lining.

It can be seen that the heat up curve is linear
for almost the entire process before reach-
ing and stabilising exactly at the set-point of
100 °C.

e J3cket temperature

= Process temperature
= Setpoint

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.
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Case Study CS|

Version: 9/2009

Unistat® 925w

Controlling a Biichi CR252 GLSS reactor
filled with water

Requirement

This case study examines the tightness and
speed of control when a Unistat® 925w is
used with a Blchi CR252 reactor filled with
200-litre of water.

Method

The Unistat® and reactor are connected using
two 2-metre insulated metal hoses. The reac-
tor is filled with 200 litre of water.

Results
It can be seen that the heat up curve is linear
for almost the entire process before reach-
ing and stabilising exactly at the set-point of
100 °C.

Heat up curve with 12 kW heating power

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.

Setup details
Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:

Reactor:

Reactor content:
Reactor stirrer speed:
Control:

-90...200 °C

16 kW @ 200...-20 °C

15 kW @ -40 °C

13,5 kW @ -60 °C

12 kw

M38x1,5; 2*2 m
DW-Therm

Blichi CR252

250-litre insulated jacketed
reactor

200-litre water

90 rpm
Process

e |3cket temperature

= Process temperature
= Setpoint

www.huber-online.com
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Setup details
Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:

Reactor:

Reactor content:
Reactor stirrer speed:
Control:

Case Study CS E

-90...200 °C

16 kW @ 200...-20 °C
15 kW @ -40 °C

13,5 kW @ -60 °C

24 kW

M38x1,5; 2*2 m
DW-Therm

Blichi CR252 250-litre
insulated jacketed reactor
200-litre Ethanol

90 rpm

process

= Jacket temperature

m— Process temperature

= Setpoint

www.huber-online.com

Unistat® 925w

Predictable and repeatable control of a
Biichi CR252 GLSS reactor

Requirement

This case study examines the performance of
a Unistat® 925w when connected to a Buchi
250-litre insulated jacketed GLSS reactor.

Method

The Unistat® and reactor are connected using
two 2-metre insulated metal hoses. The reac-
tor is filled with 200 litre of Ethanol.

Results

The minimum jacket temperature of the Buchi
reactor was limited to -60 °C as was the ramp
rate to avoid damaging the glass lining. It can
be seen that the Unistat® 925w was still well
within its maximum performance capabilities
at this temperature.

The first curve shows the process temperature
being lowered to -50 °C from 20 °C (70 K)
which the 925w achieved in approximately
2-hours. The process temperature set-point is
maintained with a AT of only (approximately)
2 K.

The next curve demonstrates the heat-up ca-
pability of the Unistat® 925w by returning the
process temperature to 20 °C from -50 °C in
approximately 40-minutes.

The following curves show the repeatability
and predictability of the performance of the
Unistat® 925w by ramping the process tem-
perature between 20 °C and -30 °C, each
curve being exactly the same.

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.
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Case Study CS F

huber

Version: 9/2009

Unistat® 925w

Cooling a Biichi 250 litre jacheted GLSS re-
actor to Tmin

Requirement

This case study determines the minimum tem-
perature achievable when a Unistat® 925w is
connected to a Blichi CR252 GLSS reactor.

Method

The Unistat® and reactor are connected using
two 2-metre insulated metal hoses. The reac-
tor is filled with 200 litre of Ethanol.

Results

The minimum jacket temperature of the Blchi
reactor was limited to -60 °C as was the ramp
rate to avoid damaging the glass lining.

The Jacket cools rapidly to asymptote at -60 °C
resulting in @ minimum process temperature of
-57 °C.

Setup details
Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:

Reactor:

Reactor content:
Reactor stirrer speed:
Control:

-90...200 °C

16 kW @ 200...-20 °C
15 kW @ -40 °C

13,5 kW @ -60 °C

24 kW

M38x1,5; 2*2 m
DW-Therm

Blichi CR252

250-litre glass-lined
(enameled) steel reactor
200-litre Ethanol

90 rpm

process

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.

= Jacket temperature
e Process temperature

== Setpoint
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Case Study CS H

Setup details
Temperature range:  -90...200 °C
Cooling power: 16 kW @ 200...-20 °C

15 kW @ -40 °C
13,5 kW @ -60 °C
Heating power: 24 kW
Hoses: M38x1,5; 2*2 m
HTF: DW-Therm
Reactor: Buichi CR252

250-litre glass-lined

(enameled) steel reactor
Reactor content: 200-litre Ethanol
Reactor stirrer speed: 90 rpm
Control: process

www.huber-online.com

e J3cket temperature
= Process temperature
== Setpoint

Unistat® 925w

Controlling a Biichi «chemReactor» CR252
GLSS reactor between -40 °C and 20 °C

Requirement

This case study looks at the ease with which a
Unistat® 925w controls the process tempera-
ture of 200-litre of Ethanol within a Buichi Glas
CR252 GLSS reactor.

Method

The Unistat® and reactor are connected using
two 2-metre insulated metal hoses. The reac-
tor is filled with 200 litre of Ethanol.

Results

The minimum jacket temperature of the Buchi
reactor was limited to -60 °C as was the ramp
rate to avoid damaging the glass lining.

[t can be sen that the jacket can be rapidly
ramped to pull the process temperature from
20 °C to -40 °C, maintained at exactly -40 °C
before being returned to 20 °C.

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.
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Case Study CS 29

Unistat® 930w

Controlling a Biichi CR101, a 100-litre GLSS
reactor from 20 °C to -40 °C

Requirement

The graphic demonstrates the capability of a
Unistat® 930w to cool a 100-litre reactor from
20 °C to -40 °C.

Method

The Unistat® and reactor are connected using
two 2-metre insulated metal hoses. The reac-
tor is filled with 75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The process temperature reaches its target of
-40 °C within 43 minutes representing a ramp-
rate > 1.4 K/ min.

Setup details

Unistat® 930w & 100-litre Buichi
«chemReactor» CR101 (buichiglasuster)

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:
Reactor:
Reactor content:

Stirrer speed:
Control:

-90...200 °C

20 kW @ 0...-40 °C
15 kW @ -60 °C

24 kW

2x1.5 m; M38x1.5
(#6656)

DW-Therm (#6479)
100 litre glass-lined
(enameled)

steel reactor

75 litre M90.055.03
(#6259)

80 rpm

process

= Jacket temperature

= Process temperature

= Setpoint
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Case Study CS 28

Setup details
Unistat® 930w & 100-litre Buichi «chemReactor»
CR101 (buchiglasuster)

Temperature range: -90...200 °C
Cooling power: 20 kW @ 0...-40 °C

15 kW @ -60 °C
Heating power: 24 kW

Hoses: 2x1.5 m; M38x1.5 (#6656)
HTF: DW-Therm (#6479)
Reactor: 100 litre glass-lined

(enameled) steel reactor

Reactor content: 75 litre M90.055.03

(#6259)
Stirrer speed: 80 rpm
Control: process

Unistat® 930w

Heating ramp on a 100-litre GLSS jacketed
reactor

Requirement

The case study demonstrates the heating curve
of a Unistat® 930w working with a 100-litre
reactor between 20 °C and 100 °C.

Method

The Unistat® and reactor are connected using
two 2-metre insulated metal hoses. The reac-
tor is filled with 75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The “internal” (jacket) temperature increases
rapidly to approx. 167 °C in just 19 minutes
and brings the process temperature to the set-
point with negligible over-/undershoot within
25 minutes.
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Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.
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Case Study CS 23

Unistat® 930w

“Internal” (jacket) control with a Biichi
CR101 GLSS reactor from 20 °C to Tmin and
then to 180 °C

Requirement

The case study shows the performance of a
Unistat® 930w working with a Bichi CR101
reactor between a temperature range of
-90 °C and 180 °C.

Method

The Unistat® 930w and reactor are connected
using two 2-metre insulated metal hoses. The
reactor is filled with 75 litre of “M90.055.03",
a Huber supplied silicon based HTF.

Results

Within 12 minutes of set-point change the in-
ternal temperature cools rapidly from 20 °C to
-65 °C representing a ramp rate > 7 K/ min.
The ramp rate slows and after 2 %2 hours
reaches “Tyin" of -88 °C.

The set point is then changed to 180 °C and
with an average ramp rate of 6 K/ min, heats
through 268 K in 45 minutes.

e J3cket temperature
= Process temperature
== Setpoint

Setup details
Unistat® 930w & 100-litre Buchi
«chemReactor» CR101 (biichiglasuster)

Temperature range:  -90...200 °C
Cooling power: 20 kW @ 0...-40 °C
15 kW @ -60 °C
5 kW @ -80 °C
Heating power: 24 kW
Hoses: 2x1.5 m; M38x1.5
(#6656)
HTF: DW-Therm (#6479)
Reactor: 100 litre glass-lined
(enameled) steel reactor
75 litre M90.055.03
(#6259)
Stirrer speed: 80 rpm
Control: internal

Reactor content:
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Case Study CS 25

Setup details
Unistat® 930w & 100-litre Buichi «chemReactor»
CR101 (buchiglasuster)

Temperature range: -90...200 °C
Cooling power: 20 kW @ 0...-40 °C

15 kW @ -60 °C
Heating power: 24 kW

Hoses: 2x1.5 m; M38x1.5 (#6656)
HTF: DW-Therm (#6479)
Reactor: 100 litre glass-lined

(enameled) steel reactor

Reactor content: 75 litre M90.055.03

(#6259)
Stirrer speed: 80 rpm
Control: process

Unistat® 930w

Controlling an exothermic reaction in a
Biichi CR101 GLSS reactor

Requirement

A 2.38 kW (2047 kcal / hr) exothermic reaction
is simulated at 0 °C in a 100-litre reactor to de-
termine how quickly the Unistat® 930w reacts
to control the process at set-point.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

When the control system detects an increase
in process temperature it reacts immediately to
create a AT between process and jacket tem-
perature to induce heat flow. The ,internal”
(jacket) temperature ramps rapidly to approx.
-42 °C to bring the process temperature back
to the set-point.
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Case Study CS 84 huber

Version: 9/2009

- Setup details
U n |Stat® 93 OW Unistat® 930w & Diehm reactor

Cooling a Diehm 100-litre glass reactor to Temperature range:  -90...200 °C

Tmin Cooling power: 20 kW @ 0...-40 °C
15 kW @ -60 °C

Requirement 5 kW @ -80 °C

This case study shows the performance of Heating power: 24 kW

a Unistat® 930w connected to a 100-litre Hoses: 2x1 m; M38x1.5 (#6656)

Diehm glass reactor cooling from 20 °C to T HTF: DW-Therm (#6479)

under “internal” (jacket) control. Reactor: 100 litre un-insulated
glass reactor

Method VPC Bypass installed

The Unistat® and reactor are connected using Reactor content: 75 litre M90.055.03

two 1.5-metre insulated metal hoses. The reac- (#6259)

tor is filled with 75 litre of “M90.055.03", a Stirrer speed: 400 rpm

Huber supplied silicon based HTF. Control: internal

Results

The test is run for 2 hours. The initial ,inter-

nal” (jacket) ramp rate of over 8.5 K/ min rap-
idly cools the jacket from 20 °C to -70 °C in ap-
proximately 12 minutes with a corresponding
process ramp rate averaging 2.2 K/ min.
After 2 hours the minimum internal tempera-
ture reached is -85 °C with a corresponding
process temperature of -71 °C though it is
continuing to cool towards the “internal”
(jacket) temperature.
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Case Study CS 85

Setup details
Unistat® 930w & Diehm reactor

-90...200 °C
20kW @0...-40 °C
15 kW @ -60 °C

24 kW

Temperature range:
Cooling power:

Heating power:

Hoses: 2x1.5 m; M38x1.5 (#6656)
HTF: DW-Therm (#6479)
Reactor: 100 litre un-insulated

glass reactor

VPC Bypass installed
75 litre M90.055.03
(#6259)

400 rpm

Reactor content:

Stirrer speed:

Unistat® 930w

Controlling simulated exothermic reactions
of 1 kW (860 kcal / hr) & 2 kW (1720 kcal / hr)
in a Diehm 100-litre reactor

Requirement

This case study is to see the performance of a
Unistat® 930w as it works to control simulated
exothermic reactions in a 100-litre reactor.

Method
The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-

Control:

process tor is filled with 75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The response of the Unistat® 930w can be
seen in the graphic below. The jacket tem-
perature is rapidly changed to control the
“reaction” and maintain process temperature
at its set-point.
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Case Study CS 86

huber

Version: 9/2009

Unistat® 930w

Cooling a Diehm 100-litre reactor to
-60 °C

Requirement

This case study is to demonstrate the perform-
ance of a Unistat® 930w as it cools a Diehm
100-litre jacketed glass reactor to -60 °C.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

The jacket is ramped rapidly down and the
growing AT between the process tempera-
ture and jacket temperature cools the process
smoothly to its set-point.

Setup details

Unistat® 930w & Diehm reactor

Temperature range:
Cooling power:

Heating power:
Hoses:

HTF:
Reactor:
Reactor content:

Stirrer speed:
Control:

-90...200 °C

20 kW @ 0...-40 °C
15 kW @ -60 °C

24 kW

2x1.5 m; M38x1.5
(#6656)

DW-Therm (#6479)
100 litre un-insulated
glass reactor

VPC Bypass installed
75 litre M90.055.03
(#6259)

400 rpm

process

25
20
1541
10

5 ]

0
-5
04
A5
204
.95 3
-30 4
2353
T
454
.50 4
553

Temperatur in [°C]

gt bt Rt o Sl i e RSB e e
'
i
'
i
'
'
'
i
'
e L R g e e W R e e
'
1
'
i
'
i

= Jacket temperature

= Process temperature =

m— Setpoint

TR R e T e

__________ i o e A S I s i

Process templerature ramps through 80 K
~(20-°C to 60, °C) within 90 minutes~ -~~~

B0
-B5 1
70
754
-804
854

R oy e e i e

Rl e e = o e e oS i R el B

02:40:00

Zeit in hh:mm:ss

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.

D2:50:0

03:10:0

03:20:0

www.huber-online.com 173



— huber

174 |

Case Study CS 87

Unistat® 930w

Heating and cooling a Diehm 100-litre re-
actor under different control dynamics

Requirement

This case study looks at the performance of a
Unistat® 930w heating and cooling a Diehm
100-litre reactor from 20 °C to 60 °C under
two different control dynamics;

— Fast, small overshoot

— No overshoot

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

Fast, small overshoot — even under this control
dynamic it can be seen that the process tem-
perature reaches the set-point of 60 °C with
negligible overshoot.

No overshoot — here the ramp rates are slower
to minimise the overshoot. It can be seen that
the AT generated between jacket and process
are narrower so change in process tempera-
ture is slower.

Setup details
Unistat® 930w & Diehm reactor

Temperature range: -90...200 °C

Cooling power: 19 kW @ 200...100 °C

20 kW @ 0...-40 °C
Heating power: 24 kW
Hoses: 2x1.5 m; M38x1.5 (#6656)
HTF: DW-Therm (#6479)
Reactor: 100 litre un-insulated

glass reactor
VPC Bypass installed
Reactor content: 75 litre M90.055.03

(#6259)
Stirrer speed: 400 rpm
Control: process
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Unistat® 930w |

Thermal shock protection shown on a Unistat® 930w & Diehm reactor
Diehm 100-litre reactor

Temperature range:  -90...200 °C

Re.qmrement . . Cooling power: 19 kW @ 200...100 °C

This case study is designed to show the func- 20 kW @ 0...-40 °C

tion of ‘AT limit" in the controller and how it Heating power: 24 kKW

protects glass reactors against thermal shock. Hoses: 2x1.5 m; M38x1.5

This Diehm glass reactor does not have a man- (#6656)

ufactures AT limit at all. We could see in our HTF: DW-Therm (#6479)

tests > 150 K AT. Reactor: 100 litre un-insulated
glass reactor

Methqd , VPC Bypass installed

The Unistat® and reactor are connected using Reactor content: 75 litre M90.055.03

two 1.5-metre insulated metal hoses. The reac- (#6259)

tor is filled with 75 litre of “M90.055.03", a Stirrer speed: 400 rpm

Huber supplied silicon based HTF. Control: process

Results

A standard user defined feature in the Uni-
stats® is the “AT limit” which limits the differ-
ence in temperature between the process and
reactor jacket. It is set by the user to a value
recommended by the reactor manufacturer.
The default setting is 100 K.

The process temperature ramps at a rate
of 3.53 K / min and reaches the set-point in
47 minutes. Meanwhile the cooling ramps at
a rate of 2.3 K/ min and takes 53 minutes to
reach 20 °C.

Throughout the whole process the reactor is
protected.
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Case Study CS 89

Unistat® 930w

Accurate & safe control
100-litre glass reactor

of a Diehm

Requirement

This case study looks at the performance of a
Unistat® 930w heating a 100-litre reactor to
180 °C.

The HTF used is “"DW-Therm” which has an
upper temperature limit of 200 °C so the jack-
et temperature (HTF temperature) must remain
below this limit.

Method

The Unistat® and reactor are connected using
two 1.5-metre insulated metal hoses. The reac-
tor is filled with 75 litre of “M90.055.03", a
Huber supplied silicon based HTF.

Results

It can be seen that the jacket rapidly heats to
close to the limit of the DW-Therm while the
process temperature ramps smoothly to its set-
point of 180 °C.

In addition to the limit imposed by the upper
limit of DW-Therm, the reactor is also protect-
ed against thermal shock by the user set “AT

limit”. In this case the AT limit is set to 100 K.
This ensures that the temperature gradient
between the reactors jacket and the process
never exceeds 100 K.

Setup details
Unistat® 930w & Diehm reactor

-90...200 °C
19 kW @ 200...100 °C
20 kW @ 0...-40 °C

Temperature range:
Cooling power:

Heating power: 24 kW

Hoses: 2x1.5 m; M38x1.5
(#6656)

HTF: DW-Therm (#6479)

Reactor: 100 litre un-insulated

glass reactor
VPC Bypass installed

Reactor content: 75 litre M90.055.03

(#6259)
Stirrer speed: 400 rpm
Control: process
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Case Study CS XX

Unistat®
1005w

Unistat® 1005w cooling an Asahi 10-litre
triple wall reactor to -110 °C

Requirement

Temperatures required to carry out chemistry
in specialised cryogenic research have become
lower and lower. This case study demonstrates
that the process temperature inside an Asahi
vacuum insulated glass reactor can be com-
fortably cooled and controlled at -110 °C by
using a Unistat® 1005w.

Method

The Asahi reactor was connected to the Uni-
stat® 1005w using two 2-metre M30 x 1.5
insulated metal hoses. Under process control,
a process set-point of -110 °C was entered
and the results recorded using the Huber “Spy-
ware”.

Results
The jacket temperature cools quickly in a
linear fashion to -100 °C in approximately

55 minutes (ramp rate of 2 K/min) before slow-
ing and reaching a “Tmin” of -120 °C. The proc-
ess temperature follows and reaches -110 °C
in 150 minutes and is maintained at -110 °C
with the jacket temperature at -115 °C.

Setup details

Unistat® 1005w

Temperature range: -120...100 °C

Cooling power: 1.5 kW @ 100...-40 °C
1.4 kW @ -60... -80 °C
1.0 kW @ -100°C

Heating power: 2.0 kW

Hoses: 2 x1.5 m; M30x1.5
(#6386)

HTF: Kryothermal S

Reactor: 10-litre insulated
jacketed glass reactor

Reactor content: 10 litre M90.055.03

Stirrer speed: ~ 200 rpm

Control: process

s J3cket temperature
= Process temperature
= Setpoint




— huber

Applikationsberichte unserer Kunden

Applikationsbericht:

Vergleich der Kiihlleistungen von Huber Unistat® 510w und einem Wettbe-
werbs-Temperiersystem

Indiesem Anwendungstestwurden die Kihlleistungen derbeiden Thermostaten , Huber Unistat® 510w"” und dem Wettbewerbsmodell “ getestet
und miteinander verglichen.

Angeschlossen waren beide Gerate an einen 20 L HWS Doppelmantel-Glasreaktor ohne duBere Isolierung. Als Temperierflissigkeit wurde
jeweils das Weitbereichstemperaturél ,Julabo Thermal H5S” verwendet, welches in geschlossenen Systemen fir Temperaturen von -40 °C
bis 250 °C ausgelegt ist.

Der Vergleich umfasst drei Testlaufe:

1. Kthlen von 10 L Ethanol von 20 °C auf -20 °C.

2. Schnelle Zugabe von 5 L 20 °C warmes Ethanol zu den 10 L auf - 20 °C gekUhltes Ethanol (Test auf Exothermie, d.h. einer plotzlichen
Erhohung der Innentemperatur),

3. Kthlen der insgesamt 15 L Ethanol von -20 °C auf -40 °C.

Die Daten der Testldufe wurden Uber die jeweiligen RS232-Schnittstellen der Thermostaten ausgelesen und mit Hilfe der mitgelieferten Soft-
ware von Huber bzw. Wettbewerbsmodell auf einem Computer aufgezeichnet.

www.huber-online.com

Setup details

Unistat® 510w & HWS reactor
Temperature range: -50...250 °C

Cooling power:

Heating power:
Hoses:
HTF:

Reactor:

Reactor content:

Stirrer speed:
Control:

Setup details

5.3 kW @ 250...0 °C

2.8 kW @ -20 °C

0.9 kW @ -40 °C
maximale Pumpendrehzahl
6.0 kW

2x1 m; M38x1.5 (#6655)
Julabo Thermal H5S

un-insulated 20 litre HWS glass reactor
10 litre Ethanol

150 rpm

process

Wettbewerbsmodell & HWS reactor
Temperature range: -50...250 °C

Cooling power:
(version:

Heating power:
Hoses:
HTF:

Reactor:

Reactor content:

Stirrer speed:
Control:

5.5 kW @ 200 °C

7 kW @ 20 °C

2.8 kW @ -20°C

0.9 kW @ -40 °C

je auf Pumpenstufe 1 gemessen
6.0 kW

2x1 m; M38x1.5 (#6655)
Julabo Thermal H5S

un-insulated 20 litre HWS glass reactor
10 litre Ethanol

150 rpm

process

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.
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Applikationsberichte unserer Kunden I“'I"}'l

Version: 9/2009

1. Kiithlen von 10 L Ethanol von Raumtemperatur (20 °C) auf -20 °C.

Die Ergebnisse des Abkiihlens von 10 L Ethanol von Raumtemperatur auf -20 °C sind in Bild 1 dargestellt.
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Der Unistat® 510w kiihlt sowohl das Ol (dunkelblaue Kurve) als auch das Ethanol (orange Kurve) von Anfang an etwas schneller runter als das
Wettbewerbsmodell (blaue bzw. Die vorgegebene Endtemperatur wird mit dem Huber-Gerat schon nach etwa 40 Min. erreicht.
Zu diesem Zeitpunkt betragt die Innentemperatur beim Wettbewerbsmodell lediglich -9.5 °C. Das schnellere Erreichen der Endtemperatur ist
neben einer etwas besseren Kiihlleistung auch darauf zurtickzufiihren, dass der Unistat® 510w starker ,untersteuert” (Oltemperatur geht
bis fast auf -40 °C nach ca. 30 Min., she. dunkelblaue Kurve) als das Wettbewerbsmodell (blaue Kurve). Durch eine schnelle Anpassung der
Oltemperatur schafft es der Unistat® 510w dennoch, die Innentemperatur nicht deutlich unter die eingestellten -20 °C kommen zu lassen (s.
dunkelblaue und orange Kurve bei 33-40 Min.).

Darf die vorgegebene Temperatur allerdings keinesfalls unterschritten werden, missten die Gerateeinstellungen angepasst werden (oder in
Etappen abgekuhlt werden), wodurch der Unterschied zwischen beiden Thermostaten sicherlich geringer ausfallt.

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions. www.huber-online.com
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2. Test auf Exothermie durch schnelle Zugabe von 5 L 20 °C warmen Ethanol.

Noch entscheidender wirkt sich die bessere Kuhlleistung des Unistat® 510w bei einer nachgestellten plotzlich auftretenden Exothermie - also
einer sprunghaften Erhéhung der Innentemperatur im Reaktor - aus (she. Bild 2). Bei diesem Test wurden zu den 10 L auf -20 °C gekuhltem
Ethanol in weniger als 1 Min. 5 L Raumtemperatur-warmes (20 °C) Ethanol gegeben.

Das Huber-Gerét reagiert sehr schnell auf die eintretende Erhéhung der Innentemperatur und kihlt schon nach wenigen Minuten mit -30 °C
bis fast -40 °C im Ol dagegen an (she. dunkelblaue Kurve). Das Wettbewerbsmodell braucht hingegen deutlich lénger um die Oltemperatur
auf unter -30 °C zu bringen (she. blaue Kurve), obwohl beide Gerate in den ersten Minuten mit voller Leistung kuhlen (nicht dargestellt).
Dies bewirkt, dass die maximale Temperaturerh6hung beim Huber-Gerat etwas geringer ist. Vor allem aber geht die Innentemperatur beim
Unistat® 510w signifikant schneller zuriick (vgl. orange und )und ist schon nach knapp 19 Min. wieder auf den gew(inschten -20 °C.
Mit dem Wettbewerbsmodell ist die Innentemperatur zu diesem Zeitpunkt noch mehr als 4 °C hoher, die -20 °C werden hier erst nach tber
30 Min. wieder erreicht. Diese Ergebnisse bedeuten nach unserer Auffassung, dass das Huber-Gerat schneller und besser auf plotzlich auf-
tretende Temperaturerhthungen reagiert und somit eher die Méglichkeit hat, ein ,,Durchgehen” von exothermen Reaktionen abzufangen
bzw. deren Auswirkungen zu minimieren.

www.huber-online.com Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.
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Version: 9/2009

3. Kiihlen der insgesamt 15 L Ethanol von -20 °C auf -40 °C

Als dritten Test in dieser Reihe haben wir versucht, die nun insgesamt 15 L Ethanol von -20 °C auf -40 °C zu kuhlen (she. Bild 3).
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Auch hier zeigt sich die bessere Kuihlleistung des Unistat® 510w sowohl in den Ol- (blaue Kurven) als auch in den Innentemperaturen (orange
bzw. ). Die Oltemperatur des Huber- Geréts unterschreitet schon nach weniger als 15 Min. die -40°C Marke, wahrend das Ol des
Wettbewerbs-Gerats zu diesem Zeitpunkt erst auf etwa -30 °C im Ol gekihlt ist. Entsprechend sind die 15 L Ethanol mit dem Unistat® 510w
schon nach etwas Uber einer Stunde auf -40 °C gekuhlt - mit dem Wettbewerbsmodell ist die Innentemperatur zu diesem Zeitpunkt noch fast
5 °C hoher. Die vorgegebenen -40 °C sind hier erst nach 1:45 h annahernd erreicht.

4. Fazit

Das Fazit dieser Testreihe ist fur uns, dass

1. der Unistat® 510w von Huber trotz gleicher Leistungsangaben im Katalog eine bessere Kihlleistung hat, und

2. der Unistat® 510w schneller auf Temperaturanderungen im Reaktor reagieren kann und damit z.B. eher die Moglichkeit hat, plotzlich
eintretende Exothermien abzufangen bzw. deren Auswirkungen zu minimieren.

Als Grund fur die Unterschiede zwischen den beiden Thermostaten sehen wir die geringere Menge an benétigtem Ol beim Unistat® 510w.
Wahrend das Wettbewerbsmodell (inkl. Ol im Reaktormantel und Schlduchen) ca. 24 L Temperierfliissigkeit benétigte, kam der Unistat®
510w mit insgesamt 11 L aus. AbschlieBend machten wir noch zwei Aspekte erwahnen, die uns bei dem Applikationstest mit dem Huber-
Thermostaten positiv aufgefallen sind: Zum einen das geringe Betriebsgerdusch des Unistat® 510w und zum anderen die sehr intuitive Bedie-
nung Uber das Touch-Display. Insgesamt hat der Huber Unistat® 510w diesen Applikationstest damit mit Bravour bestanden.
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Unistat®
Tango Nuevo

Unistat® Tango Nuevo

This is a 14 hour run using Atlas software (1.4) to control the temperature of a 1-litre reactor con-
taining 500 mls organic solvent (silicone oil) following a complex thermal profile using a standard
Huber Unistat® “Tango Nuevo”.

In this case, the “TAC" control is not being used. To tailor the Unistat® Tango Nuevo, the PID
parametres have been chosen to give the best possible response to this application.

The plot shows:

o Atlas reactor temperature in red

e Circulator temperature in blue

® Requested circulator set-point in green

o Actual desired set-point profile in blue line

184 | www.huber-online.com Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.
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Applikationsberichte unserer Kunden

Unistat®
Tango Nuevo

Unistat® Tango Nuevo

The inserted magnified graphic shows details
of the section between 10:00 and 11:00. It can
be clearly seen how accurately the Atlas system
combined with the fast response of the Tango
Nuevo controls the HTF temperature and hence
the Atlas reactor.

The programmed ramp rates are executed with
precision as are the dwell periods giving the
operator the requested thermal profile exactly
as it was programmed.

Setup details
Unistat® 1005w

Temperature range:

Cooling power:

Heating power:
Hoses:

HTF:
Reactor:

Reactor content:
Stirrer speed:
Control:

-120...100 °C

1.5 kW @ 100...-40 °C
1.4 kW @ -60... -80 °C
1.0 kW @ -100°C

2.0 kw

2 x2 m; M30x1.5
(#6386)

Kryothermal S

10-litre insulated
jacketed glass pressure
reactor

10 litre M90.055.03

~ 200 rpm

process

Technical details and dimensions are subject to change. No liability is accepted for errors or ommisions.
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Top 100 — Innovator 2009

The findings of the latest study have resulted in us being recognised as
one of Germany’s ,Top 100" innovative companies in 2009.
Further information can be found at www.huber-online.com.
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