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1 'ENERGY SAVING HEATI NG VESSELS The present |nvent|ona§zg$%ﬁ§)Z£(cp (ig

énergy- savi ng heatlng vessel s useful generally in |abor
_industrial,. service and. donmestic fluid heating appllcatlons inthe form
of [aboratory ware, heating tanks, cooking utensils and fluid heating
~equipnent generally. It is estinated that there are over 30 mllion |0
gl ass and gl ass-ceramc vessel s of various types. heated on hot plates and

ranges in use-in the United States today. These include vessels for
heaty coffee, tea, water, etc. and also | aboratory ware, including a
varfgf@ of beakers and flasks. 15 - ~ It is further estirmted that in
use about 15%to 20% of these vessels are heated on various types of
contact heating surfaces, such.as electric hot plates, ranges, etc.., and

that about #.5 mllion of such hot plates are in use, havi ng power ratlngs
20 rangi ng from about 30Q to 4000 watts for |aboratory and industri al
vessel s and from about 1200 to 3600 watts for comrercial and hone use. On
the. basis of an average hot plate rating of 1500 watts and an average "on
time" of about 3 hours, the total electrical 25 energy consunmed by such
hgaters amounts to over 20 million kilowatt-hours per day or .7, 400, 000, 000

(? 4 billion) kil owatt-hours per ‘yeal, la'truly si gni ficant anDunt of
energy. -2- 1 - The relatively | arge wattage reqU|red in such
heating | 9 dUENERGR+SAVING HBATIRG woekrd 1) The nature of the materi al
heated; wusualTy This Is NosStly water, Which requires nore energy to

. The present.invention relates to energf—saving
heating vessels useful generally.in laboratory,

S~_ industtial, service and domestic fluid heating
applications, in-the form of laboratory-ﬁare 'heating
tanks, cooklng uten51ls and fluld heatlng equlpment
generally. ' .

It is estlmated that there are over 30 mlllion
_IQ_” glass and glass—ceramic vessels of various types '
_heated on hot plates and ranges in use in the United
- States today. - These include vessels for heating
coffee, tea, water, etc. and also laboratory ware,
| including a variety of beakers and flasks.
15 It is further estimated that in use about 15%
to 20% of these vessels are heated on various types
~ of contact heating surfaces, suchaas eleEtriC'hot
plates,_ranges,.etc-, andfthat-about 4.5 million of
such hot_plates-arevin_use,.having power ratings
20 ranging from about 300 to 4000 watts for laboratory7
and industrial vessels and from about 1200 to 3600
watts for commercial and home use.  On the basis of

"

")

an average hot-piate-ratihg-of 1500 watts and an
" average "on time" of about 3 hours, the total electrical
25: energy consumed by such heaters amounts to over 20
million kilowatt-hours per day or 7,400,000,000 (7.4
billion) kilowatt~hours per year, ‘a truly significant
amount of energy. | -



its high specific heat. (2) The material the vessel is nmade of,
articularly the vessel bottom which contacts the hot pIate surface Si nce
‘hese vessels usually are nade of @l.gss. glass- 10 ceram cs or the like,
I.e. materials with |low thermal conductivities, the heat transfer through -
~the bottom of a vessel is considerably belom/that obt ai ned t hrough netal's
- and graphite (as described here|n) al | other factors being the sane. Fdare

‘exanmpl e, the hea ta ce thro bout 25 ti MESyyt . -
~ greater! t han thr%ﬁﬁhrﬁuag% é# §Qu¥§?a $ try of the
-vessel , rxuﬁe&uiﬁglgst&ﬁespr&marﬂﬁytﬁu&thesﬁolbow1n mhlch contacts t he- .

DL B2 A DT s YR, oL LB hSMsalt DefRunggl2ss,

rest onl y othisrelsanophéyywaltee:, awi'rmctg rdrppixie p amor eobnelrgybdiot om sur f ace. |

b i c’& €' fts {:eﬁxﬁ%&%‘&x canféﬁéa Sh%nl %n92§§BE%eg\t% S The _ Y .

“bottom fees 15 alsora S gnit Ay
capability UWOhVeéssdue tmﬂ-ttrsemle SF¢C§fa@sh¢@§sel s-are made with

~reasonably ' thinipptte h%t'e’ﬂirﬂv%tﬂé’%esééﬁ”ﬁé%adéh% a %r‘l:‘irc)ﬁfarﬁ

vand easily broken Ano i mportant consideration in relfation to

energy savithRei %eﬁﬁélaﬁgﬁﬁpmoﬁhé-r@ FPnacks cthenhetePpasey surdacss-:

Cmaterial s userleé ntﬁagen%gfsaqtsuneﬁl d;hear’@%ﬁ&hé ofFgLag%aBhass- U.S. 1.
- News,"_ Second Quarter/ 1979 ubl'i she | ndusfrial Chem cal Cb.,ggg- y

Park ARnueer@liesr RT khe likeus)i- Q-eflﬁ‘r%él-% vitht low Ehermplss:
__ _consumed [ Nedhi@uaELdeipg) Qhe0|h%§1i G.faraxgéﬁéﬁ ‘tEt68ghatHe botiom of

‘a vessel is con51derably below: that obtained ‘through o
metals: and graphite (as: descrlbed herelnl, all other

(j%;;. raise its tenperature per degree than any other material. involved, due

factors being the same. For example, the heat
15  conductance: through graphite is about 125 “times. greater
~ than through an equal thlckness of glass. '
- (3) The geometry of: the vessel, partlcularly
- the surface. of the- vessel bottom which contacts the hot- _
pIate, wh;ch.is an important: factor’ in heat flow. With f
- 2a glass vessels, their bottoms are frequently made concave,
so that the vessels rest only on the: ‘periphery, i.e.
a ring-shaped part, of the bottom surface. Therefore,. '
the area of contact for heat transfer is ‘greatly reduced.
. The bottom thickness is also a significant factor in the
. 25 heat transfer capabllity of a vessel;- furthermore, if
glass vessels: are:made with: reasonably ‘thin bottoms to
_improve heat transfer, they are very fraglle and ea511y
broken. _ : ' ' - .
| l..Anotherjimportant.consideration”in'relatiqh to
30 energy saving is the amount of energy required in the o
production of materials used in the manufacture of ‘the o
vessels...Eor-example,.”U.S.I; News," Second'Quarter/1979,
(published by U.S. Industrial Chemical Co., 99 Park
Avenue, NveYork, NQY, 10016), referring to relative:energyj
35 . consumed in the production of plastics,'glass, steel and



1 alum hium states:  "To manuf acture. an equal wei ght of each of these
matertals, it takes 1:4 kwh for pl ast™s, 3.6 kwh for glass, 6.3 kwh for
steel and 33.6 kwh for alumniunf. Thus, 5 tines nore energy 5 is requirec
t'o 6_r0duce the material for a glass vessel than the material for the same
. size of plastics vessel, since a plastits3nfiterial (e.g., polypropylene and
others) has a specific graV|ty |l ess than 1/2 that of glass(0.90 instead of °
2.23). The rraterl aI for an 10 enanel |l ed steel -vessel, having a specific

gravity bou qU| res 42 t, s the_en needed f.or ing a

pl asP'rcs veilsela arﬁaf'asfrez%’ aﬁa‘f‘ﬁﬂ’t’ﬁ?ﬁmés ‘ilii s nore
'energly than a blfagtachs o Xifdse hﬁ‘aﬁei’id@sﬁ&mﬁetakes enalrmdvdtek (fo|1:5 ‘steel. |
vessel requireg_.about t t e..ener nee i ng a.glass vesse
and an al uni ni Bha7 aio‘(r)% 599 ?%% g gy ef @ni_'s vessel .
It is theref ore3e6| (hm ﬁd:ata]pirmtim“ mat'EhuaI sSaltenieys fmore lenempt

‘cgnservative ée'}%t"%&g-’%é {oelF%t&ﬁ.Pcé tﬁ&eméﬁ E&Q‘f %tru %cil vsessel S, wth |

gl ass secon ein Y efer gy- 1 Nt ensi Ve. anot her
consi deration msaedr gahamrﬁm mtem“.ab for ther samec@imﬁcmﬁnn%ﬁsﬁiqme

skdewal I s of a [ i% r gt (ian hot
pFat e 25 " or o'?’he eat E(ﬁ;%er cée ﬂ éél l{lﬁgg% i rglsew at'i ?ﬁ@%@gr e,
order to preveand @dhenslhdmas td -"zP\%C%f#¢oﬁﬁ§Vh§Ya|1|eSS Mn]a/?qddﬁﬁ ati ve

point of view o ghadd \sifsﬁsf@mabflﬂgzsgy l‘l‘ﬁte Wﬁri@”ﬂ&%ﬁked up
. at the top_by neans of fhe fingers, whereas | ass vessel woul d be

;'.uncomc ort abfe. §napgldmd steel vessel, (hg¥ing 3 ml%gaam ®he too

§-hot to handl e wbduta R £ ; reJhw tﬁnéeethEaOeheeg@ ffeiaad #der mal
- conductivities E t hese. terlals t ti}he same ynits (btu) are 1.4

- for pol ypropyl ng &P hpsiies: 3’?5 & 58NS &S fan®™.190 f or

alunlnlunlalloalﬁ&ﬁhlum vessel needs - 48 times: more energy than a:
"plastics vessel. In a- 1ike manner, an’ enamelled "
-15__steel vessel requires about 6 times the energy needed -
for maklng a glass vessel and an aluminium vessel -
- about 9 txmes-the=ene:gy“needed for a.glass vessel.
It is therefore: evident that plastics materials are by
far the most.conservative of energy,. in relation to the
--20. manufacture- of vessels, w1th glass second and metals
being highly energy-intensive. '
Still another consideration in energy conservation
-~ 1s the thermal conductivity of the sidewalls of a vessel,
that -is those surfaces not in: contact with the hot plate
25 or other heat source. .Here, thermal insulatlon is
- ..desirable, in order to prevent loss of heat to the
surrounding air. From a.qualitative point of view,

el

- a plastics vessel containing very hot water can be
picked up at the~tog.by.mean5'of-the fingers,.whereas
3a ,a glass=vesselfwouldwbe&uncomfortable or:painful-to
" the toﬁch;..a7metal vessel would .be too hot to handle
-~ with a bare hand. This is due to the different thermal
.conductivities.of-theseamaferials,=which‘in the same
.. units (btu) are 1.4 forlpelypropylene, 8 for glass,
35 360 for carbon steel and 1190 for aluminium alloy 6061 .

o



‘ 4- Thus pol ypropyl ene a' .ot her plastics are good insulators, gl ass is a

r i nsul gt o%lpof IO%eat an rret al s are-good conductors of - heat, as is known.
" Eram the standpoi nt of choice of materials of manufacture, it is clear t hat.
éI nmeki ng. and using vessels partly or 4ent| rely of a plastics materi al

- woul d conserve a significant anmount Of ®*efMergy. Pl astics vessels can al so be
“nmass- produced econonically and are un- breakabl e, corrosion-resistant

-and. non- cont am' nating to nmany /substaices dle:Egn;jl ngrgnnhgﬁ PrglrgmrareSI g;)ge .
1ike. 104 p : '

To' corr osi on t aﬂ’ J&Srszgélgyiﬁﬁ 8'38 ?S E glﬁﬁrt&ﬁﬁé’r@aﬁﬂf’d insulatorz,_:A:

.pol yrmet hyl pgAesse, isme ﬁaimsinaulatersbinheaa: ][dn@ f:déﬁlail,lgénlgél ame 5
promyl ene. acmanelSf o WEENL! B8 RalRRC O SR el A A eboLak coRi dely

. gval | abl e, Fheicg dliéptadzmglssofamannfaartareg mﬁamgoiaggﬁm@g Hg\glte;/g:n .
Sirface heat aaad,ane g efe81 S BREL IR o Ul L HE 5 e lneficgn ™" ¥

.surface heat sources suc
‘the like. TRAterdad, a@%mwsmstacslgmﬁcam wntdnn*'telcm iemeygpl gh

lLyners, e.g"' .
<'softenin Orla&:.bs%éséﬂﬁ% Luo poly |
" Tef [ on” g rademar k u?/ﬁ c?ﬁ'sﬂé%/g ﬁﬁﬁf’%ﬁcﬁgﬂf "P@rﬂé‘r‘at ures e
“in the 25 a'géhl s’-%TI—"’-‘%bSVéth‘endsBonelmertammm;tiﬂg)rtaost S
" applicati onmany sﬁb@t@@ﬁﬁ!ﬁlﬁ dependtifg o8 Eh@vpaﬁgﬂéf ”d' Jh - the |
f these materla are eat i'n--
.very Iﬂ‘vth conduct i f:ﬁes%,p i |
“sul at of s, ﬁ%&gﬂ‘f}aﬁ retx’@q NS/3RTOPYL eReWAFER) , \axe 3@101’1 ®QER urers of - -
“plastics weresighanitc toardoros idmbetiah 0gYasaR! i Cokhars, 15.1}1&4‘ as beakers -
flflasks and ﬁéfyﬁkbﬁyaeW% %nd,polymethylpentene, are almost as o
. re51stant as.. the fluorlnated polymers. A large varlety
of vessels and containers made of polyethylene, poly-
'_'15 propylene and- other polymers, i.e. plastics materials
' generally, are w1de1y avallable, hav1ng dlsplaced glass
and -metals in. many appl:.catJ.ons. '

However, as. is well-known, plastlcs vessels cannotf_'

be'heated by contact with bottom surface ‘heat sources,_

20 such as hot plates, -other heated platens and the like.

' This is true even of plastlcs materials ‘with relatlvely
high softenlng or melting temperatures, such as the
-fluorlnated polymers, e. g.“"Teflon“, (Regd. Trademark),

_ wh1ch have softening or meltlng temperatures in the _

25 range from 400°-500 F-(204-_260 C),;well,above the use’

' temperatures-for most*applications;' The reasons for _
thls, as previously indlcated, are the" very low thermalﬁtg":

' conduct:.v:.ties of these materJ.als, th.ch are heat in- ' " _'
- sulators, and also their relatively thick walls. Man- o _ |
3Q ufacturers of plastics ware, particularly for laboratory .

applications, such as beakers, flasks and the llke, warn

‘their users about this. . For example in the 1979 Plastic

Labware Catalog.of'the'Nalgene.Company,-DiviSion of Sybron

Corporation, a bold caution notice appears twice: "Do. -
35 not place plastlc labware in a dlrect flame or on a hot..



their users about this. For exanple in the 1979 Plastic. Labware Catal og
t he .Nal gene ‘Conmpany, . *Division of Sybron Corporation, a bold caution noti
appears twice: "Do. 35 not place plastic labware in a direct flanme or on
a hot =~ -5- 1 plate". The great need for a plastics-bodi ed vessel which
can be heated on a hot plate and for glass and/ or gl ass-ceranic vessels -
whi ch maxim ze energy savings both in manufacture. and in use has led to
thespresent 5 invention, which provides, i.a., a novel energy-saving

heatiny vgssgliadurch remy r&%wlaee?d 3dP allﬁwéti@ssn@alé@evsagégy now
used™By present day gl ass, glass- ceramc and simlar ty of hg?tl ng -

vessel s. i ch &3y RehsfehPhe d??‘alﬂt%lt%yaﬁb‘?at?ﬁfs ﬁ@S%én esent 10

: Ih nventi.on as cfie&ﬂadgmctém:ﬁmafémﬁels WiEch rtu@:g{.mmepéﬂezrgl%seﬂerlg; savi ng
eating vessels .and co ners are suita e

| abor at ory, gﬁﬂﬁ%t?%, qqéﬁﬁﬁ??%ﬁ %ﬂé:%%r%?%eh%ﬁpi?éag?oké zgﬁﬁgn t he

Igivent i on or oimmstldmr whistlammeov Mdss el 5. suchaasotél bnakgyssandini;l asks,

cof f ee- nakin & n % e k

hot - vaat er 1 ark %‘f.%@%ﬁ*&*% ﬁeén%‘ﬂf%%%sg"f}’ ?(5 ‘t’%ge (ren?gt %%gvats -

eyapor ating pa&nstlmcenmmw ysedrhly ngresenhedanvehasan gaassnergy- savi ng

‘heat- 20 i ng.greae8d éﬁhF§£Hﬁ£E¥it sngftHSQEEngyvégéélét'VeTﬁth' val |'s

of a plastics material and a thermally-conductivé bottom wherein the
vessel bott orRMSRINRAIRG FMre | Ao ined ppusPrastifingi Ehe Breseatng

m ni mel nesi strangecioh heatadsansbed hbesehhroesh, 2Bhe inventibRe thinness
of the | ayer belng limted requi remen

b
' qut - mer S %ﬁmeraerr%m#w%@e?ea&nghz?ﬁa?ﬁ? B RHdEEPERLnEF Soni 11 ¢

which are suitable for all types of laboratory,
domestlc, industrial and serv1ce applications. Thus,

_the 1nvent10n prov1des, for instance, vessels such as
15 beakers and flasks, coffee—maklng and coffee—heatlng
. vessels and a varletv of cookware, hot—water tanks,
plckllng and platlng tanks, stills, fermentatlon vats,
evaporatlng pans and the llke _ '_ S
' According to the 1nventlon, an energy-saV1ng heat-
20 ing vessel is prov1ded hav1ng thermally-lnsulatlve 51de- o
" walls of a plastlcs materlal and a thermally-conductlve
' bottom, wherein the vessel bottom includes:
an inner layer of plastlcs-materlal prov1d1ng
mlnlmal resistance to heat transfer therethrough,
25 ' " the thlnness of the layer being limited only by
' ' 'the-requirement that it be liquideimpefvious, and
" an outef'layer'of”thermallyéconductive graphitic
material in thermal contact with -and suppditing
the inner layer, for thérmal contact with a heatf
30 ~ ing surface, ‘ ' )

(1)

‘whereby the vessel in use serves to transmit heat
from such heating'surfaoe through the bottom to
the contents of the vessel and to retard the trans-
fer of heat from the contents through the side-

35 *walls. o '



LN

terial in thermal contact with and supporting the inner |ayer, for
ermal contact with a heat- 30 . ing surface, whereby the vessel in _
46 'serves to transnit heat from such heating surface through the bottomto
" the contents of the vessel and to_retard the trans- fer of heat fromthe

-contents through the side- 35 — walls. - ba - 1 -
- Preferably, the inner layer is of the sanme material as the sidewalls and is
~continuous therewith. = .The inner |ayer preferably conprises a A

.-%;

‘thernopl astic matgrigl, Q)Q_H%S A8 33 32ver ~i% ofl the she wA€sHYabavRd
by the use of vesséels of thi's I nvention would be highly signifjcant, as it
‘coul d anpaat the abdewalls epdsis wOntismadth Wienfitether yﬁhﬁ;l?V%F about” .
2/3.t0. 1/ 4_(; L@ oRpRiide QW g dp st @ssateglabs- ceranic and * -
“ceramc vgggg%sbﬁgg%ggEgﬁhﬁbt pl ates and théﬁiike. - A further energy o
~saving could result fromt ; i P : —-Agrvessel's, _
- both fgr the body of the vessel and as a coating for the bottom ej/ements of -
~vessel s of this 10 invention, since plastics are nuch | ess energy-intensive . .

.10
s
¥
30
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- 35



than glass or nmetals and al so are econom cal to manu- facture. An
enboginent of the vessel of the invention is a plastics-bodied or walled
heating vessel *with a graphitic bottomfor good heat transfer, i.e. a
‘bottom 15 contai ning or consisting of graphite, since such a vessel not
only saves energy, but also is virtually. unbreakable, conpared to one nmade

33)

entirely of glass or ceramcs.. Such & ﬁeating vessel is also highly
corr.osion- 20 25 30 1 resi stant and anti-contam nating, conparing
favouLany w th gl ass. Such a vessel is also economical to nmanufacture in

? Ia?‘ge \S/ar}rgty of BlanaferRy Saves wlageeessétwgve@lslepeeef gRgsfacilities
or the

o | o noat e S o I ha i ar S TyulEeant's a8 LEAbAEE oo o
trmr_e T altoi dl yt hasdutk t o lt&moxdesz rzsdté esrpeassr?jémgont kﬁhbrrﬂtﬁh'lbgwep:hoyeﬁrat e
voi Tor iy and T1ke chreh /oo “EP8olaE LarehcBE “tue ilerdy “RaloRREa”
‘enmbodi.ment 5s by giaaﬁ;cg&assheﬂkamiuﬁahédcéeamiugvesseés heaked good

ther mal |- cOndhict | ¥abh Q8 OLET L BHE ACCACERREAE nBEag" BRUAE O 2

gt aphi t e/ car bon whi ch oa e thin
plastics fil mcoukd vesuhe ﬁa@m|tbe(aneof plasties mﬁ#ﬁﬁ#ﬁ 151 £9% | ayer . may .

also be anpl | sfederdhievaBidies Bodh for! BRe0BBRYI be Bheogalsal hamul ding.

- Anot her enbodi nent o ention Is a plastitCs- bodi. ed | ed

‘heating vessela%iacaagipghforcthe BPﬁEPWc?lEBSPEH BFaBﬁFFF&SCB 5@3? |

bottom whgpe iA¥ention, since plastics are much less energy-intensive
than glass or metals and also are economical to manu-
facture. An embodiment.of the vessel of the invention
iSra plastics-bodied or'walled-heat;ng ‘vessel with a.
‘graphitic bottom for good heat transfer, i.e. a bottom

15 fcontalning or consisting of graphite, since such a

vessel not, only saves. enerqgy, but: also is virtually
'unbreakahle, compared“tq one.made ‘entirely of ‘glass or
ceramics.. Such-a.heating*vessel-isﬁalso highly’cotrosioné

20

25

g‘

35




hAstics material conposing the body of the vessel or the layer on the-

fyaphite is a corrosion-resistant non-toxic anti,-contamnating polymer.

) ng such polyners are the 25  pol yol efi ns, part|cularly polypropylene

.- and pol ynet hyl - “pentene.,. and al so. fRe fl uorocarbon pol ymers, such as _
. polytetrafluoroethyl ene (PTFE), ethylene/tetrafluoro- ethylene copol yners

- (ETFE), fluorinated ethylene/ propylenes (FEP), . - .

polychl orotrifl uoroethyl enes (CTFE) 30 and pol yvi nylidene fluori des s
. (PVDF), toget hir V\nthé_ﬁycar bonat es, _pol ysul phones and pol yphenyl ene  {yu”
sul phi, HhREr-& sﬁ‘?%g‘f%“ti‘B¥B§Féﬁgrre§PM¥cfél%lrﬁﬁv¢lgr@bly may be

“requi red awighi gtl.sasﬁ. antSuélQrE&ﬁéélgélnﬂsf aBse- &R dgxﬁr&agfj I'yners can be -
- used, such as fibre- rel riforced and filled

2 Ias and kHte 35-
~ pol yol efi ng gﬂg ?'r a#bd% ar?)%l\}ﬂ’é?“?tYAﬁ i ShePes and Hk2R® of the
~invention iesibgeestistilng éduipmestt andhcadesignedf seaw dndes of hot _
- plates gr tage ratings, for 5 use in ST
:,.conj unc |ort}ﬁ§\n£§%§fc\#g%ear%§ éﬁ/‘%‘@%’émi%? thfs¥PhAFention.  Such heater Y
~.equi pnent coul d Sucadwamﬂ&gﬂmmsjbmdéddlorcwaﬂmedth@aﬁmdd1¢é§sépssels of
“the inventigiepsihn ti.er. nuch Io ratures. and ,-
“woul d resul?ﬁl n gvgg’aé?'gét%&% i[%‘ywngaw %8%9 hot on YArﬁﬁra]i)g?e i rred
“enbodi nent BRPLALY heated to ithe (desipedstenperatues tatd muctessel having
-plastics vvaibﬁegnﬁo% glgﬂ._lé/ ddis Bl Ly gogﬂgﬁt évgiplgpta%c%na% qnf[g%of a’ o

corrosjon-resi stant met al aferma I nc I Ng. a %Iloys
“the st nl c¥essedel ?utnlaé-ﬁé'-\ h%S uEdmifom&Ycepgerthbasmnﬂdrmss titanium

~-alloys, tam@;tyngﬁagtﬁg_yb%tq{&fﬂ s'mﬁgfggw th a corrosion-resistant K
‘metal . Anot her_feature of the invention” conpri ses a plastics-bodied or = -

| '-'wal led heating vRRSERSF embodimenisiks.a: plastics-bodied or walled
: : heating vessel with a good: thermally—conductlve bottom

'_ outer surface con31sting of- graphite or a graphlte/carbon S
15 material upon which is moulded. or coated a thin plastics -
fllm i.e. on the serv1ce (inner}) surface.. A thin glass
_slayer may also. ke applled to- the service side: of ‘the
Lgraphlte by coatlng or moulding. :
L Another*embodiment of the lnventlon is a plastics-
20-_-bodied_or walled heating vessel with a graphitic or .
' 'plasticS¥c6atedfgraphitic cOmpesite bottom, where the
plastics material composing the body of the vessel or the
layer on the graphite is a.corrosion-resistant non-toxic
. anti—contaminating polymer. Among such polymers are the
- 25 polyolefins, particularly polypropylene'and polymethyl-
pPentene, and alseathe-fluoroearbon polymers, such as
polytetrafluoroethylene (PTFE), ethylene/tetrafluoro-.
ethylene copolymers (ETFE) , fluorinated ethylene/
propylenes (FEP), polychlorotrifluoroethylenes (CTFE)
30 and polyvinylidene fluorides (PVDF), together with
polycarbonates, polysulphones and polyphenylene sulphides.
- .Where greater strength, ahrasion-resistance and rigidity -
. may be required, a variety of anti-contaminating fibre-
reinforced polymers can be used, such as glass and graphlte .
- 35  fibkre-reinforced and filled polyolefins and fluorocarbon

.=



resistant netallic bottom outer surface, as above, where 20. t he bott g
has*~a relatlvely thin Iayer of a.plastics material on its internal or
servi ce side,. corisi sting of' a polyolefin, pol yf | uor ocar bon, pol ycar bonat e,
_ poly-'sulphone or .other suitable corrosi &-resistant anti- contamn nating
plastics or resin material, the plastics 25 | ayer being about 0.25 to .
0.25 M (1 t.o 10 mls). in thickness. Another preferred enbodi nent of the’
invention is a plastics-bodied or walled heatlng vessel with a good.
thernall cong %h Esbotton1conpr|3|ng a. corrosion- 3Q resistant
antﬁﬁton anin g porcel ain enamel ‘or gl ass- ceramc material, coated on
cast iron, steel anailnddgech advantage Oﬁobhﬁtlaﬁén@éspeﬁsbéﬁg al | oys,

al um ni um andsemGu%umtaul%% wemet&@sfgﬁt begnbﬁ topels @R 0.75 mm

. (2 to 30 m-ls)_ 1n thickness and where at |east the 35 i nner surface or
preferably boPRhatRE Pinh&ead®Fsoish mugh 1‘BYSFF0WP§GPB&C§§%500£%. The

ivent i og fur8er iﬁO%‘éﬂn‘ﬁftﬁxdﬁl& RHAEH | EiFe lQéQtEﬂgOire‘é%lell%d Jfeatiing vessel.
: Wlth a pOI’CG| aln enane ceranic g:oate {tom as

Gescribod 5 SHNSDELOR oS Beakan A LnSaFy FOB LG Be GRVPREARRIH A has
relatively tbea iﬁabomgdwtﬁromfwﬁtmlﬂséwasaaler ol the u.tmreeﬁmcrp,e

ounface, conoyahio ol 3 ALNOLelifh oL oLl HALRCSLRRR dgialbonss e o
synt heti c resandlﬁoulﬂatesuitemnieﬁenegreetetaehergylsymﬁngs.about 0.025 |
of the Hivention.  CBMEHEE. Pbaskind @ofiathl 8F FRE fpTeHe gfvéi‘SeYe“e'
having a graphiBSCLnranplﬂdhﬂcsﬂhadmnd|heayisgcuee$eﬂohﬁwang5plaﬁtin&uIs
by an eXterna&aﬁ&EaEnEaQthgﬁfy)éﬂefﬁafiy ééﬁductlve bottom con51st1ng.
of a corr051on-re51stant metallic materlal ‘including '
N 'alumln;um and 1ts.alloys,_the_stalnless steels, nickel,
15 _cobalt and_copperfbasefalIOYS,-titanium alloys, tantalum
| "ahddcarbon'steels.coated:with a corrosion-resistant |
metal, Another featurefoflthe'invéntion comprises a
plastics*bodied or walled heating vessel with a corrosion-
_ resistant metallic bottom outer surface, as above, where
20 the bottom has a relatively thin. layer of a plastics
'material on its internal or service side, consisting of
a polyolefin, polyfluorocarbon, polycarbonate, poly-
N sulphone or other suitable corrosion-resistant anti-
..contaminatlng plastics or resin materlal the plastics
25 '__layer being about 0.025 to 0.25 mm (1 to 10 mlls) in
' Ithlckness.3 - 3 . '
_ Another preferred embodlment of the invention is a
LA plastlcs-bodled or walled heatlng vessel with a. good
' thermally—conductlve bottom comprising a corrosion-
30 -reaistant antl—contamlnatlng.porcelaln.enamel or glass-

of

- ceramic material, coated on cast iron, steel, stainless
dsteel, nlckel, cobalt and cooper-base alloys, aluminium and
alumlnium alloys, where the coating is about 0. a5 to 0.75
_ -mm (2 to 30 mils) in thlckness and where at least the
33 inner surface or: preferably both the inner and outer.



"?fIOCated around the outer periphery of the vessel bottom the net al
ad, clanp or other fastener being a-corrosion resistant netal -or having a
Brrosion-resistant metallic or non-netallic coatlng 20 - Another
nbodi ment of the vessel of the |nventﬂan —conprises a heating vessel having
Ca- gl ass, glass-ceramc or-ceramc body or sidewalls with a heat-conducting-
bot't om conposi tion, suitable for | aboratory, industrial, conmer- cial and-

- home applications,. including those requiring 25 heatlng on hot plates, - =

.:gsnDOth Eeat @%?aaiéﬁgégggg 59%%%% gFg the like, where the-energy reqU|§a§ -

“i'n heating SUC *to 1/4 or less of that- required’in
.heating sinil ar- G eimvemtioyl fasthgirasonsdsts dola GEIagtLedeating

| vessels . BOIEl 08 DELUS L cth TkeRd sk R EENEE E8Ene

-part gIaSs glass-ceram<¢ or C
thernal | y- c@ﬁdadtaaae-mmcsmtedu menglaigr iﬁqml‘hﬁom: amteesa:ibeach as -

9L2Ph| 18, Prpefel whekd DA oL ARLAAA1 B REI YR dHdd e SO IE L O ntghg ”.._

vessel of th e i nventi on , nprises a non- neta
_non-netal  hag a \Eﬁllata"rﬁﬁby g?bipﬂl cpgtingt dayeaviofy aa pleﬁstlcslxyatérﬂalayer

of aplastien AR e i r Phcé pr8Bhe18eahEd ol d Mo R LM O! B8y Yet a g

further | nrent of the vessel I'nvent | p bodleq_
~or walled: hggPPﬁ& 'v?ﬂ%%F%ﬁh°Bétﬁe9Fe9tbﬁraSﬂitqﬁlﬁepQ#r¢$kenheat._:_;

~“source by vresmeuahtIaﬁtfﬁbbm@aﬂiﬁétiﬁg t?%%ﬁ?ﬁﬂé?; |a hé |ts ?%p 6} S
Pnternaf ScPRISELRY 2gd whaF S Othe  RiRSERGE, Laven 45 AEPURIGOAT bhioh 1S
~ .the bottom euRSamm dfi ttee Y0 astls)k- bodi eHiv¢raeel.t hrough which nost of the
heat s conducteg’@Hyghégééhggﬁgﬁégt of -the vessel of the invention - =
K comprises a plastics-bodied or- walled heating'vessel haVing
a graphitic ox: metallic bottom firmly secured to the :
15 Sidewalls by an. external metal. ‘band; . clamp or other fasté‘ff
ener  located around the outer periphery of ‘the vessel
gbottom, the metal hand, clamp or other fastener being a
corrosion—reszstant metal or having a corrosion—resistant '
: metallic or non:metallic coating. :
20 - Another embodiment of the vessel of the invention _
. comprises a heating vessel having a'glass, glass-ceramic l:”
-or ceramic body or sidewalls with a heat-conducting bottom-"
compos:.tion, suitable for laboratory, J.ndustrial ; commer-
c1al and.home applications, . 1nclud1ng those requiring
25 heating on. hot plates, smooth heating surface ‘type ranges
and the: 1like, where the: energy required in heating such a
-.vessel is only-2/3 to-1/4 or less of that required in-

-heating similar conventional glass, glass—ceramic or ' f jv_
ceramic heating vessels. Another form of vessel of this
30 . invention. comprises a part-glass, glass—ceramic or ceramic = ¥

-heating vessel.w1th a thermally-conductive bottom comp-
"--rising a graphitic material, such.as graphite p__ se
or a graphlte/carhon naterial. SRS ' _
_ ‘A further embodiment of the- vessel. of the.invention
‘ 35_f:camprises a non-metal heating vessel hav1ng a non-metal.



or metallic material whose bottom or external surface contacts the hot
pIquJ the latter bottom surface being 15 flat or otherw se contoure
~maxi n ze surface‘contact with the hot plate or ot Rer heating device.
. Anot her preferred enbodi ment of the vess¥l of the invention conprises an
ener gy-savi ng gl ass or glass- ceram c-bodi ed or walled heating vessel with,
a heat- 20 conducting bottom consisting of a graphitic material with a
relatlvely thin layer of glass, glass-ceranmic or plastics material on'the
tops0r internal surface of theng%gphltlc material, this surface being the

ar ea=t hr otgh Waildh anska Fraphitiaibosten,baviog & Fakatd whpHthin 25
materi al whosq ajeir Q8 ¢ FrASENSE xﬁb!teilﬁiamogll&(‘sts‘ i ed¥im it adSatéde

bottom surface being flat, or ofherwi se con- *toured to nmaxim ze surface
contact with O 1§ SEHECRSHPer heating device. In order that the
energy saving vessedeatcé fietRér enbuafineat afd thie vexsellopfitibki ng t hem

b di I d f h
st at Bve SRVRRUATR <8 RLFREERRCREsRI A Ko had RO Ae) vsdEiea
bel ow, by- vvaywim‘lch(a:aﬂ ehe heate\é;encanhatypﬂg\térm rigike Sﬁeat souréeg. 1
s.hows - a cros%feﬁttlltq{gtl J‘_el:'«_at\_/ge\t ?91-%43 ﬁ’éast}ﬂl:s waﬂ?%l | |cs-_wal | ed

Vessel havi ng I CS sl de- a plastics na oated onto
a graphite- orqﬂadncﬁxng(bnﬁt@msehbeebO“tom @aiaﬂ-aﬂgﬂﬁﬂhimiQﬂotastener 3

to formthe Vﬁ%%? h Sﬂ:cetfﬁfl ion view
of a glass-wa l\}eig:se a %’s/férl\ﬂ w%%@sgggdgo%agﬁs a p%%?%s mat eri al.
26 coat edlon hbendegd Hmia etla#nn%amrb@ft BArErigss amhexiad twhigh ks sthe, 25
and a netal faYttom surface of the plastlcs-bodled vessel through

which most of the heat is conducted from the graphitic
_or metallic material whose bottom or external surface

contacts the hot plate, the latter bottom surface being
15 = flat or otherwise contoured’ to maximize surface contact
with the hot plate or other heating dev1ce.
- Another preferred embodiment of the vessel of the
.j-inventioh-comprises-anuehergyésaVinq glass or glass-
ceramic-hodied or walled?heating’vessel with a heat-
20 conducting: bottom consisting of a-graphitic.materiall
- with a relatively thin layer of glass, glass—-ceramic
. or plastics material.on'the-top or internal surface of
the graphitic material, this surface being the area through
which most of the heat is conducted from the graphitic
25 - material whose bottom or external surface contacts the hot
_plate, the bottom surface being flat or otherwise con- '
- toured to maximize surfacercontact.w1th the hot plate or
LI other heating .device. o ’ S
_ In order that the enexgy-saving vessels of the
- 30 invention and the methods - of making them can ‘be readily
. uhderstood and appreciated;:reference is made to the
various illustrative embodiments shown in the accompanying
drawings and described below, by way of example, in the
accompanying drawings:

L)

35 Fig. 1 shows a cross~sectibnal'elevation view
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of a plasti

pl astics i nner

el enent 52

-’54 | ocat &d
shows a crofgstenerrinlte|

flask 6lgw
el enent 62

£levation view of a gl:ass-bodi ed vessel
e, moul ded gl ass inner Iayer 33 and a-graphite of netal element 32.
wi th:the bottomof' the vessell with at | east one gasket 35 and a
metal fastener 34; 15 = - Fig. -4 shows a cross-sectional elevation view

formthe vessel; la Fig. 3 shows a cross-sectional.

havi ng a noul ded glass body 31 mnth

cs--bodi ed vessel ‘having a noul ded plastics body 41 and a moul ded -

1n correspondl ng recesses 1'n

assqci at ed W th bottom o

| ayer 43,. a graphite or netal elenent 42 bei ng associ at.gd
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T the vveasel;a noul ded plastics-bodied coffee -

th a. ggy.des.g @ﬁtacérbggﬁéebﬁﬁﬁhﬁ eg%aa%ﬁs&p%téfag met a'

ener

»

'35 Fi gs. a7siesmrac1ﬁeeésv%ﬂrselnbavieﬁﬁegésﬁsesdﬁeaw nel amd| @ beatl ng""

water in en s26f cblge anggnkboa teHr L9 vater.
BLASLIYS At 20T cbdte AL o IR0 The

ﬁn%ﬁ'@g‘t ﬁ; a‘\g{é&feﬂ vhiR 9ﬁ§§ﬁi‘:?oﬁ403§p Ak 2 el nkasF—bodi ed

or. ceramc. S|demalls and a novel

Sin conventi
“energy savi

vessel wit henb&stzlac,tcglﬁﬁsn thasSvessedpiC,
heat cquuctln

Egptt%mékofsgrqgross-sectlonal elevatlon view of a.
glass-bodled vessel hav1ng a moulded glass body 31 with

. a moulded: glass inner layer 33 and a graphite or metal
element 32 assoclated with the bottom of the vessel

15

2Q

25

with at least one gasket 35 and a metal fastener 34;

rig.’ 4 shows a cross-—-sectional- elevation view of a

plastics—bodled vessel hav1ng a moulded plastics body- 41

and a moulded plastics. inner layer. 43, a graphite or metal
element 42 he1ng_assoc1ated wlth_the.bottomlof the vessel

with a. heat-shrunk metal fastener 44; - o _
Fig. 5 shows .a cross-sectional.elevation view'of

a monlded?glass+bodied:coffee flask 51 with a moulded

glass inner layer 53, having a-graphife'element'sz

retained at the bottom of the flask: by moulded glass

progectlons 54 located in correspondlng recesses in the

graphite element, _ _ '
Fig. -6 shows-a cross—sectlonal elevation View of a’

‘moulded plastics-bodied coffee flask 61 with a moulded. .
-plastics-inner}layer 63.and a graphite or metal element

3Q .

35

' 62 associated with the bottom of the flask with a

fastener 64;



10. or_netallic materials, or coated graﬁhltlc or.'netallic material. Th '
vessér\nay readily. be nanufactured by use of various known procedures. aéU?a
preferred f.orm the body of the vessel is nolded wi.th a graphite, graphit\c .
material, nmetal 15 or nmetallic bottom el ement irnsert including retaining '
means 'for the insert. |nFagsthd-Yhraneteobackergf &mmamﬁwmeseatuge :

f.abricated fro e t p t {yﬁ# Og S
fitted.a corrporsalét%eé %ﬁﬁ???g gr?ﬁr%e%mg%éf%gt ?gﬁﬂggeg(ll}ine yg’; &%P‘ Sui tabl e
means>- pref er a’cﬂ!i/s%lysamfettdie batmbntiarrppompaa‘tdtbrtd dseabiéng In Fig. 1, -

which is-a croqﬁ 6L KRN B kgd |cal heatlng vessel
wi th a conposit agott%% gg’sé%brﬁlﬁﬁf anc@egévﬁ "this 25 invention, 1
is the plastic vessel side.wall, 2 |nd|cates t he graphlte el enent of t he

conposite bgttomw th a thi anqgtlll_lyg grRYBiE ointﬁs,tlloqq 4 over the int er nal
-syrface of the graphite. el enemts——S—TmdrTtates a netaband or ring which is

heat - shrunk 30 .to the a!ibemnpggarn@q\rmyyhgeéams verseboefobhiso -t he |
plastic VeSSG'i%ﬁéﬁ%ioh“cbhb%igééﬁﬂTﬁﬁﬁﬂmetsiebﬁqﬂyﬁﬂJé%£@iTPitﬂ my

.also be a netal, -the thin_layer may™" b plastic,. or :a porcelaln-enanel .
off an |nternalH%ﬁ%ﬂl%otﬁbﬁﬁ§urBé@§s1ﬂe%ﬁﬁthePalﬁﬂtﬁﬂiQHﬁmé?Wéb&SLng nay

be present on’ tamch éldssegfhaatewn&mtzmg bot/c\oal e & GesgHPLEE vessel

_is shown in Fig. chin this.caser~t's™a cross—section of & Fass.

walled cyl lﬁdrloc;am#e%\uhs @egssp%,t PR %%ﬁbegl sEephitdf Axcmetadlis
accordance Wit yat®i #1 | NVEARI Qass\é‘lernﬁh)21ré§dB.II!9 Bleamm@tufeé%yﬂ

use of various known procedures. _ _ )
. " In a preferred form, the body of the vessel
is molded with a. graphite, graphitic material metal
15 or metallic bottom element insert 1nclud1ng retaining
'means for the insert. In another form, the energy
.sav1ng vessel is fabricated from a tubular element
- with an open bottom end to which is fitted a )
"'comp031te graphitic or. metallic~battom secured by " 'kg
20 suitable means, preferably by a metal band, clamp,
. or- other fastener. S _
In Fig..l, which is a Cross section of a '
plastie walled cylindrical heating vessel with a
composite bottom assembled in accordance with this -
25 'invehtion, 1'is the plastic vessel side wall, 2. -
indicates the graphite element of the. compos;te o
bottom with a thin coating layer of plastic 4 over'
' the internal surface of the graphite. element,: 3

"

: indicates a metal band or ring which-is heat- shrunk

30 to the side walls and firmly secures.the bottom, to -
the plastic vessel walls. In this illustration, the -
.composite bottom 2 may: also be a metal, the thin '

e

leyer 4 may be a plastic, or a poreelain-enamel

on an internal metal bottom. surface, or a porcelain-
35 enamel coating may be'present_on both.sides of a

metal bottom. '



. <5§?dlcates a graphite element of the conpqgéte bottom 26 indicates a o
| asti'c filmover the internal -surface (s€fvice .side) of- the graphite

tenEnt 24 and- 25, are internal and external gaskets, respectlvely, 10 -

ch as flexible graphite (' Gafoil 23 j ndi cat . band which is
cl anped ‘to the’ graphltdh siu&laﬁaPP§emQ%ﬁ#fY??ﬁ s§8uP§% e graphite

‘bottomto th ssel ﬁl'l'ﬁ éﬂdiha*—?‘risz@ﬂﬂ‘ei@n@rGrossvm@ma . thl-s' .
in - 15 ven %

e manuf act ured by foll ow rred, . ¢ ,"f

procedur e. iilfeadegs‘ltarmi waliedc cydiindri "g?ﬁs’%eﬁgiﬁpl ¥es %&ggnfc vessehuts
~nol ded as a one piec | éﬁbiguWimnabcbhdqyuﬁﬂwith bisnetallic
~bottom used 8 ¢© ﬂ‘p%sgieg'? {’gqtﬂhg'tt?gﬁom 20 _ of the veﬁéel cgl ri 5 the molding . .

. process. - 5As inwveirtid gn gvitbezey 23e 4 e 91a8E ¥ Shant !:ab L?:stener C
means, such Bk e atberthbaEMNunsiteu eitom,firmy
gﬁé§é3¥§%houggaphltéj < .

secure the b n sone types of r 25 .
-vesgeIS|t nﬁﬁlmndinﬁteqUBr@dasqﬂ% ePVBg Eﬁ& éb%égﬁégrggg%ge%ncm of ¥

.a nol ded pl a tig¥0 pi5eSEta niaecenemerethln ehds 25pvention -
“where. 41 |n3 ;tt % 13?235[}% Si dzﬁ

e i det mm it oousinan @<t wab s0PREbAmERbAEEF LRI LEL
S T i s b
for the ext ermalleboltbﬁnshﬂha’e@" X3 ¢ ampgd;. 310 3’2‘1 % Qﬁ pref er]'?bﬁ
- heat- 35 r\,H;Hf B% ?‘ﬂ‘%ﬂﬁ'éeé\ﬁﬁleél thieygs:ecph:eeethetspm 42 to the __
.-plastlc si deva he base. |
the vessel walls ‘and. layer 26. _ .
' “The energy saving vessels of this in~ - -

'15f ventlon may also be manufectured by the follow;ng B
.preferred procedure. The des1red plastlc, glass,z
-'glass-ceramlc, or ceramlc vessel. is molded as a one’

i "piece’ conflguratlon or body Nlth the grephltlc,_or
{metalllc bottom ‘used as an 1nsert to the Eottom
20 of the vessel during the- mold1ng prooess.' As. 1n
the previously desor1bed vessels, a mechan:cal _ -
fastener means, such as & metal clamp, band. or other'-
:fastener jig used to firmly secure~the bottom,
. although in some types of glass, oT glass-ceramzc

25 vessels it may not be: required._ The vessel of

ITF1g. 'y is a cross section’ of & molded plastlc bodled o
heat;ng vessel in eccordance wzth this 1nvent10n
" where 41 ind;cates the plast1o sidewall contlnuous

with: the relatively thin molded plastlc bottom lsyer’

'35”'43 (or bottom area of the plastxc vessel) over the ;::L.y
C internal surface of the inserted grephlte ‘or metal B
element 42, which is molded. to the plastic and en- : L.,.

 closed by the plastic 7xeept for the'external ‘bot.tom
surface, 44 is a metal band which preferably is heat-

: 35f shrunk to the sidewalls and firmly secures. the

| element 42 to the plastlc eldewells at the base.

é‘_ :



Fi g. is a cross section of a nDIded\pIaSHQC bodi ed round vessel; (e.g.,

;cofféﬁ‘type flask),in accordance with this invention, where 61 |nd|cates
the plastic sidewall continuous with 5 the relatlvely thin plastic vessel
bot t'om 63, over the internal surface of the inserted graphitic or netallic
el ement 62, nolded to the';yy.asﬂ X8 bmdqrbs§4electacmatoaf f&amaddiidch

preferably is shr to the Sa demall n1 S pbottomto. -
t he 10, p|aStIdQ§ ﬁgﬁﬁl qfﬁ?%ﬂi %?sfﬁé 3 %2 §8E?§§ &gﬁ which is
" a cress sectlohlsékh,gﬁasacourdhnbbouieu hh&arﬁpwemtbbp,lwheweordance
with™This inventigp, r8se t us with
the relativel ygi H‘H %F&%ﬁ% 3313%%@ 5%?%%?‘%;&? Mn?{iﬁ?igggabgg‘ﬂ% over
the in- ter saltlseurfelatofveﬂ]ye thnserpladsguapmetss&al dmfntD@263|mIOGGd' to the
glass at the ch as .
flexible grapﬁﬁﬁg féﬁk :ﬁ¥faé§k£ ngﬁﬁ¥{§¥dg€€§§ égls cl anped 20
t® the sidewalor allelt&ihlliiw eslemom!s 62¢ gnéplqct do eﬂemmlasblphbosiydewal | at
‘the gl ass base sFhd , [ I SS -
spheri cal ves§% a.mgigb éﬁq ﬁhf?ﬁ Eéiﬁ%?%gﬁ%r§%n§393ngﬁQJNEi
itvention, 51 £ tbprssdmlﬂheugd aﬁsroauemqumﬁheobgtﬁpm tondhe o
rel atlvel.y ? gé;eggkggd qld%%l sﬁ gﬂet g@s%?,opv?ietpgfgggernal surface o-f.

t he convex Insert grap I Sc. el ene to the gIass
smal | openi.ngs, or . recesJdes Figimatle- whiche igr aeressosestionednigied i n

drawi ng) fille g}%ﬁh 9'1 %amtﬂsﬂwh@ %ésf@fe%nfu&w%awre a

bondi ng inter- asteni ng of -the gl’ass to the graE ite.. A separate
“metal, band or.wibl. tb:noﬁnunnkxPNuthltnporesents ‘theeoigss 3dde-

I'n the fml(W“&@lfgchE@WdﬂﬁhékﬁftﬁpthQ”%elatlvely ‘thin molded °
15 glass layer or bottom glass area 33, over the in-
ternal surface of the inserted graphzte element 32,
_.molded to the glass at the base of the vessel, 35
is an: external gasket, such as flex1ble graphite, 34"
1nd1cates a metal band which preferably is clamped
20 to the s;dewall and fzrmly secures the graphzte '
element to the. sldewall at the glass base.

' ‘In Flg. 5, which is 8 cross section of &
molded glass spher1cal vessel (i.e. a coffee type
flask) in accordance with this invention, 51

25 represents the glass sidewall continuous with the
relat;vely thin molded glass vessel bottom 53,-
over the internal surface of the ‘convex shaped
inserted graphlte disc element 52, molded to the

B glass' small open1ngs, or recesses5é ,made in the graphite-
30 (size magnlfled in drawing) filled with glass during
‘the moldlng process further insure a bonding inter-

v

lock or fastening of the glass to the graphite. A
separate metal band or ring is not needed with this
' des1gn. ' . -
35 o ln the following and previous descriptions,
the terms “plastic/graphite" "plastic/coated
graph;te";?and the like, will be used to def;ne



_”%ﬁ% terms "plastic/graphite", "plastic/j&ated graphite",and the like,. will
eAused to define  the: mall/botton1re|at|onsh|ps of the novel heatlng
essel materials. Reference will also” generally be made to plastic bodied
or wal.|ed vegselia1 pFasktomd Mot imeriss grathe ddvich fReagrRgand ol ass
bodi ed vessel's 1 n nobst cases, rat reterring -specifica %n each
i nst ance to &HS&ﬁ&amaﬁeaéglﬁhymﬂﬁﬁetﬁnﬂ% Uiléem%QQ|§§DeEOl%MS|tlons and

{he L ke thabel ifadeSes! p1931aRAlEd OF MBLI e VRUHONSCpIRRYE, SUCh 25,

beakers, flasks,evap-- ratrn C t arks Stl exchanger'_
various hot has@recbaaasﬁglﬁanada%fwveblaﬁkvagsaﬂsslastd ca)bkaare and the ¥~ -
like. ltgis b@&?&&“&é@é&l&hﬁ%‘#ﬁ%ﬂ'éﬁé@ﬁ tﬁﬂh@&p@?%f’ ?Qr?lﬂ%S |

physi cal forns of heating vessels whic ‘cah’|
contacts wit FPeaiicabhyudn; ﬁg%étﬂ#gﬂ%ﬁnfw allsthe e‘f%ﬂaﬂdé will

general |y beppgda d£1 t PerReMResSidebmbitries] CcEﬁbb%'i‘t'fhr{E’Staﬁéses rat her
t han referrlngpbpeC|f|cally in ésch instante to all the Vari ous graphlte

carbon, grapk %oﬁhﬁ§p§§e MESSaLs 0F cPPF?ﬁ&ﬁﬁﬁ;Q%sﬁhsscoatlngs

rrFI dlt ng fi Ihrrstng@wtim thkehavle ']fad:ﬂ? cgsieslehiiats, h:fiéiﬁ@&”@f;lhgu al so lBIof
0O SucC e} es.. I.T.I C |Ons SO re erence w ener a
Do maeibo  AE Skan 95 BRCKITRG thriAn | SEHDLE beak crohpRgensy tnan |

t|c and

- .

referring Sﬁeﬁ*rfﬂdlﬁé’fhdtnwaaeh mattamge tanahl, t:hcff*ear Im:.ﬂ'ft fhaska, toys S

. pl at ed . net al*s;~.got sEl=atr t | t he
o e Epelkiar e PrAoEBE dain s T 18] Tt 4%

'descrlptlon deserdlit yohOadeeh apiplar ﬁgﬂiﬁchndtﬁer pﬁyhieshtrenﬁsand thatfp'

'the ternB pl?swégtgﬁgtvessgls which can be heated by dzrect

15: contacts with a heat conducting heatlng means. Also,
a freference will generally be made to the’ composlte e
graphitxc bottow ‘in mast cases, rather ‘than referrrng
' =fsp°c1f1cally in eaeh instance to all the varzous '
?graphzte, carbon, graph1te/carbon types, the in-
- 20 - f;ltratzng resins coatzngs, malding lems, and the _
ﬁlxke., It.is intended that this descrxptlon also ep-
. ply to such other types and modlflcatxons. C
. -Also reference wlll generally be made to
the metallzc or metal bottam in mast cases, rather
25 than. referrlng specrf;cally in each tnstance to” all
ithe variaus metals, alloys, plated metals, parce1a1n ~
-enamel coated metals, or all the plastle and res1ns
; used to coat such metal bottows._ It is intended that
this description also apply to such other types and
30 .modlfications and that the terms "plast;c/metal" and
plastie/coated metal® and the like deflne such '
w.vesaels. ] : .
Also referenEe wWill generally'be made to |
-jauitable fastener means, such as the metal band or
35 'ring, or elamp, rather than referrlng apec;fically
in rach 1nstance to 8ll the VAL "ious metal and alloy
_compositions, the shapes, configuratxona, of the bands " °
. er. the rlnga, atraps, clamps, or other mechanical

T v U . - e .



MAII/"EneraIIy be, mradé to suitable fastener neans, sueh as the netal band
or 35- .ring, or clanp, rather than réferring speCIflcaIIy in rach instan
to atl the various netal. and alloy conpositions, the shapes,

confi gurati ons ﬂtfsﬁd‘reebanallsmh tha rheng.ssed: rabt iel dmtsndfrd ceinat

‘mechani cal. ene which.can t hi s
description al s p‘f?/s?’élggéﬁnotaﬁg j’gﬂé" 67 ?gks: eﬁlr}'ﬁ'g*ne ed :
NecﬁgFlcal fastumrﬁpstzmingsmehhp.anMeahpmiedlt689&@&&9&Pn#&m#ton1and 5
vessel walls to t ORKES en the
coefficients of q':sxpgjt] %*éqykguag%ﬁ &qu)r%%aé@%/gsﬂhg B%@It?ma?’aeﬁ\@ dely
different. «I® smsnabesal\har&ogleé*@mfim clmvédotngrtammrpetmo .
solvent - and heqiegil0pl) PrakABhS trd ddier fcibhis! bt ¥x gqi.assoe/e gpel vall

material, may be e as fastening nean reference wll be
nade t gl ass bodihs lmt’o\a!ll audvugseaesl mahbs enanw#éleéryrl S Eerentical ly in
each. '“Stance tqtrﬂ'éo.wecx ésouﬁe&h hfmé’sé&é EQ&%tsCW%fﬁéRQ%ntypes

t he vessel f i's |nven I.on can have, such as beaker's asks, tanks
stills, heat excﬂﬁmg!e’f»s sndvensrcmnhest-prepfcseplants, @oktAee and the

"ke al so | 440 a sfsee[rlarv:&ﬂ ABLRFiEY 2Nthy e ! F66nd- 20-
' s |nteng§ at t é a%eé%??%t?% so apply to ;uch otﬁér typesnand
nDdlflcatlons Eﬂi %ﬁvﬁﬁgfsﬁé§ﬂhﬂgwﬁ%%m§ her eof may be nanufactured

froma large variety of COHHgBC&@fd%ﬂﬁ@%ﬁﬁlgmdbEEﬁgaé(*ﬁmgmggg on t he -
type of ap- :

" pl astlc/coat ed metal” and the like defipg such vessels. Al'so reference ’
c

.bodied or walled vessels rather ‘than referring
-f'specaflcally in each 1nstance to all the various
"15  physical forms, compos;tlons, types, ‘the vessels of
. this 1nventlon can have, such as beakers, flasks,i
-.tanks, stills, heat exchangers, hot water heaters,li
coffee flasks,.cookware and’ ‘the like, also: glass . !
; 'composrtlon, glass-ceramlcs, ceram;cs and ‘the like..
20 It is 1ntended that th1s descriptzon slso apply to such
' other types and modrf:catlons.'- ’
o Energy savang plastlc vessels hereof may
:be manufactured from a large varlety of commerc1a1
Tpolymers and re51ns depending on the type of ap-
25 pllcatlon. Thermosettlng or thermoplastlc polymers;”g
| fand resrns can be ‘used-.. However; the polyolefln and
ﬁfluorocarbon polymers are most ‘suitabl: for the vast
majority of applzcat;ons and are prefe ‘red. Of
these, the fluorocarbon polymers are the most inert

L I

- 3p with the hxghest meltlng or softening temperatures.
Among these may’ be mentxoned Fi.i' (fluorinated.
ethylene propylenes), PTFE (polytetrafluoroethylene),
.ETFE (ethylene/tetrefluoro ethylene eopolymers)

_ CTIFE (polychlorotr1fluoroethylenes), and ‘PVDF

35 (polyvinylidene fluorides). Of these, polymers,
FEP is preferred for industrial uses, since it is
even more inert.than_borosilicate_or other glasses
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pI i‘cati on. Thernosetting or therrmpl'a]gtic pol yners and resins can be
*However, the polyolefin and fluorocarbon polyners ‘are nost suitab
r the vast najorlty of applications and are preferred. . these,. the

~ f{.uor ocar bon g ners AL thgposs *9535190fahﬁicdhedhngh@swanﬂﬁﬁrm or
“sof t eni ng téWB

®Among t hese ma b ntlo ed -
et hyl ene pr opfl eees):l DW%%@?@eFMF%uo gﬁ LE&Ftegﬂéwﬂm

_(ethylene/tet e ggaohgn&&ihsﬁafiht. It is a near

. (pol ychl or ot??f %hgog:gt(%migg and PVDE 35 (llpolé/ ényufd@lq.‘j,{#mrl des). fﬁvtf
‘these, poIynﬁdealFﬁﬁteiqﬁlﬁE??eHSPO?Wlthﬁnﬂ 2FeREE cleIflnce | ;épeven o
‘more inert_ than hof Opx9HEE ng asteasicalapdandr Aaggress is

. readily fé%rFEéP d:ﬁi%é%g%fétyxoy veggtl_shapes and sizes, has a high use
- tenperature ebljvemtls. and i.s transparent.. It. is a near |deal material “for

- .use in the presence of §$&909r5 Q@lrdgere&ﬂ@llese withi A n@ﬁ.l:mirttal s, and
 -aggressive solyents. However;, eneral. u | tyhef cherical s ¢ -
~and vrrtualIpfchﬁemthlafﬂgd N %Méikﬁe fﬁs$%%g %Sq?ﬁi.lgfactory, being -~

“ ion-t oxi ¢, ‘félgpﬂﬁgnh?ary@gyﬂﬁgﬁi§¢5ctbny,chmﬂﬁgLEQ@“ﬁP*FEWperatures-
up to [err]p.g

owner- i n cosi hap, f L uar.qc I rs.. AnDNg «
.the polyde falntd,-mhl]pnbpyﬁéﬂs %/ FHW’ Par Y yso8 KE° ' 9 o

pentene are preferred,

~ al though |inqy, &g%g@ﬁpégegge@@jﬁj&?ﬂE(DemBF)ulBmwIﬂ{ﬁlm%PBcéP&PfWelghff

~pol yet hyl enes al’so nma

Pol ypr o ene | s a t non- :
- cont'am nat i ndmpatgstr theph fAuerog gﬁ# Eﬁs' [eré? #ggtough and is’

- transl ucent.  fol ¥y o FehBy) le%#ﬁmhép ‘andogu Inovethy kAERAENSG Dl astic
' “;2 - . are preferred, although lznear polyethylene and the |
.15 newer ultra high molecular weaght polyethylenes also
.may be used. Polypropylene is an excellent non--
-contamlnatlng polymer with a use temperature'up to |
11450" (275°%F) Yy is. tough;, and is translucent. Poly-"
. : -;methylpentene ‘'is also & good noncontamlgatzng plastic
.:-'-' _20'w1th a use temperature up to 175 C (347°F), with
o excellent transparency. Costwlse, polypropylene is.
about l/lSth the cost of FEP,_and polymethylpentene
about. 1/8th the price of FEP. :
: Another preferred polymer, polycarbonate, _
25 is. characterized by its outstanding strength, . rlgldlty,,,;
‘and toughness, and excellent transparency. It is
non-toxic mater;al suitable ‘for many chemicals and
foodstuffs. It has a use temperature up to- 135 c
- (275°F). Its cost is about 1.5 times that of poly-
30:propy1ene. The polysulfones are another group o:h
preferred polymers for our novel vessels. Like the
polycarbonates, they are transparent, of high
strength, and anticontaminsting for foodstuffs,
biologicals and many chemicals. ‘They may be used
' 35 gt temperatures up to about 200°C (405 r).



Cost WSe, polypropylene-is. about 1/ 15th the cost of FEP, and

pol yrret hyl pent ene_about 1/8th the price of FEP. Anot her preferred pol yner,

pol yéarbonate, 25 is.characterized by its outstanding strength, rigidity, -
and toughness, and excel-,ent W n I X i al

suitable for many chemi cg% fnaem%é ﬁhfidlt pr?l%%geafeggé‘ggfture up to -
[err]. [err]. Iperfosmanseasmiteriisl siwktht exicedlend woﬂﬁopiopyk‘eﬁe The

pol ySut f ones er, I 'Sy 0, I el s.
Tt The pol y erpEaRFECand Ui ¥nfl EORERRIDRTSHE, bofhy WhrRREGLARIY S o
anti contam natwmblfsﬂiftoddsﬁm f@;emoabgpcabgsaimgmgplzmntcang. They may
be used 35 ‘gt tenperatu&%% %J\Pe a]?f#gtkﬁg]and EID’Q y&{ﬁgygeggesul fide

pol ymers are high performance materials Wwith excg] nt- corrosion re- -
‘sistance and #reeapntdynusedchdn ran mengapamwrw.l wie| veriedy for

chem cal procesgip ségﬂts' Gid cl'flﬁ'd:a';).m.ars some! qui’@h Paf§! pa emmny
others are presently used in an ever-incfeasing, - var.| ety o vessels -
and cont ai ner § 0T sexampenhiac ipkaat bat baetdngryessadphaviagppastic heating
vessel having e dkephpl plRIsASld GPOLATFHE! wdse di) - cooking particularly
on.a speC|f|caIIy deS|gned and heat control | ed heating surface is described"
by Bohdan Hurko in U’S,. 3,971, 361 " However, the inventors hreof_ are noft
aware of plastic vvalled . o A ’ ' -

20 W|th a use terrperature up to [err], Mth excellent tran‘spar'_ency O
: 0%



 or bodi ed vessels being'used direct{y on con- ventional hot plates,
yamges. .. or other. simlar 'types of-heating deV|ces I n the manner of -

el r energy saving heating .vessel. As previously in- dicated, this is due
o the khown rel atively poor 10 thernal conductivity [err] and relatively .

IVIOM/neItlng or aoftenln PRRSI4 | ébMmpeadlyr sieadonedt pol.yners.
For exarrplec fgﬁgb%gg) has i

a -t her ma con (A FRY about 1.3 énd
Ta softenlnggﬁanﬁﬁatueenhrodmkﬂ hapking ppfta % éf%éy?Zid b of . Bo. .
..for a barosil te a yEOBEY temeExQWe ea out [er',g '
~.and conpar edP¥ ?@%ﬁﬂaﬁé ghm Ess,sa? ermgl {:o‘gfi g{._igl ;,g 19fed75. In the.
'?descrlpt|onﬂﬁﬁéﬂﬂorarhehﬂuﬁr&ﬂed@% Liymbahs! #a 'S 1n btukthr/sq.
ft./[err]/i dusadwmutxyﬁnmfcghastlcs must be
éb’EiZIT%FlFﬂ4 c‘,’ker ves ‘Fﬁ gros

'g;added t he?n wal | s and bothﬂﬂgr efnis ared to metal
~ vessel's, beOﬁMﬁEiohaﬂhhotlnkﬁt$%meF389§§P18 It and rlgldltLes of =

-plastics, * artl AR gd jhetgher atanmesr oThbbedrpoly- 25 -
S pr. opyl ene b_ ?Jb%érﬁ l?% @é€¥éé b

pacity has wal Mslfli ckness of .
“about. 0. 060- ener@yassammdl%atiﬁﬂ V&?éeﬁﬂde 4% [ng tﬁ?tﬁ%gsa?ﬁ t hi' ckness ‘as
'si-milar plastier,Vv bl hbewsmmintnela vedyl @00% and
fragility. 383 t:"“:a%?s‘i"[ﬁi?:urt (e 8u

hernnr e bott qugpnventlonal
"pl astic lossehemaiotcdn@:ctiau%ws or"r g%%%lsgg\?e ke that of a

_ en ed on %3@@; a hot -
”]plate Theseflmnstxpnb&metﬁara |%ﬁQ%Ei€¥ ﬂi§€ ggqé result in -
crelatively | gud heattﬂé@ﬂéie&ohuueﬁlwnym shoubwlhéatarfq(ﬁ,\, per- unit
. IInE s soften;ng temperature of under about 300 %, compared
.15 to a T.C. of . 8 for & borosil1cate glass which has a
softenlng temperature of about 1500 °F, and compared
to graph:te which has a thermal conductivity -of 975.
'In the descrlptlon herein, all “thermal conductzv;ty
ldata is in btu/hr/sq. ft./°F./in. .
20 ¢ "-- To. these ‘thermal dxsadvantages of plastlcs

must be added- ‘the need for thicker vessel walls and
| because of the .

“tr

bottoms, as compared to metal vessels,
ﬂmuoh lower elastic moduli and rigidltles of plastics,

particularly at elevated temperatures. Thus a poly-

' is propylene beaker of 250 ml capacity has a wall and a

bottom thzckness "of about 0.060 in. ‘Glass vessels, too,.
are made to about the same thickness gs similar plastle
; vessels, prxmarily because ‘of their brittleness and

fragzlzty. : | | | | ) e

36 Furthermore, the-bottom'of such a conventronaLi .
eplastlc vessel is not flat, but is more oOT "less con- | |

cave, like that of a similar glass vessel. Conse- A

quently, both vessels ‘have e relatlvely small heating

' contact areas when pleced on flat surface, such
35‘ as a hot plate. These low contact characterzst;cs

”.-of'the vessels result in relatzvely low heat transfer:

Sf'oonduetion, or low heat flow per U“it time. As



.20 |§lknomn the "heat flow rate" of the 4pssel bottommaterial is directlyég%%

propértlonal to its thernal conductivity“and'éurface-area of contact, and
is inversely proportional to its-thickness. 5 Fbat flow1rate"-is al so
directly proportional to the te er ure dj fLer b y t he bottom and
top surfaces o¥tkaoHBat ddheyoth H"p’é‘?tﬁndf’ © |rec |on however ,

this. is a varw@tsmh%ttefﬁépr;snd;@ébtagh u;mrmnan ke m ¢ physi cal
10 characterlstlcs of t he te;Yﬂ&%Its qguct|V|ty ,

| "t her
and geonetry (khermgd | eggs Eb‘ﬁt &“‘te a?"e%& 8¢ 'rll'ﬁb or',
"heat~f | ow capahil h.b}’;n\%ﬂ’@éilytdﬂﬁo bheﬁwalcwtmtanthickhetsrsa materl al -

times its 'S fa e conht ac uct anc | t her mal

conduct i vi t ?Ee%ﬁiﬂ ae Sl %?dé\%sﬁy |1trse'%md)f:k%’é%§grt$§nc%gn |{]:'ner e-

' folre ble seﬁﬂttbate&p\e&@mwo&ioﬂemhbeaumem;uhe botdwat iaridy, a %

relatively thick cross sectio ea o n or abl e

te good 20 heatoPr §HEH é‘:e%l‘PPot'ﬁ%thﬁig?r ?‘%e ’(Lél Lgﬁ?"'“‘ﬁﬁm rated

in-. Table | heaggéctWQ afoweviesl, t bRtisa ﬁS|qu@aka €el energy saving, '

pl ast.i.c bodled or eatin essel .t.hat, £an nal

het plate, . can hgat m?@d’&dﬁi 1yE gﬂ%f)? 6?5‘91'??9*”!% suchEEESbgglac ?Q-Q’&{'ééfi

rel ﬁt ivel Iyllllln Bhbﬁ‘ﬁ&rt\eﬁ@th o8- o€t the ngg;emlaalstztsbbft,orttm’cea,s,and » '

mechanically. s orting thi r a ntac ing .
UPBRmal) cenduefipa Bl o Bhd HSIAEHY KRgRel ikbfiesD, ¢l N9,

it toarigidg ‘t'herna
conductivity, €ndtwelss, Eh&ﬁ*&et abehaOLHujﬁErbﬁoreg1bvt@heaﬁfﬁlnnthat is

R vely o By S gn! BHR T IREE FRRRBRI R cont !
‘the nOVEf véssghemmatheriel deilmes its: surface area of: cantact, with . .
15 ”conductance" belng the "thermal conductivity" of - '
‘the material divided by its thzckness.- It can_there;
“fore, be seen that a vessel bottom with a lcw
~thermal conductlvzty, a relatlvely thick cross sect;on,
‘and a small area of contact, is unfavorable to ‘good
20 -heat. transfer, all’ other factors bezng equal, as is
ilYustrated in- Table. T hereof. We have found that a
unique and novel energy savxng, plastlc bodled or walled
heatlng vessel that can be used on a conventlonal
hot plate, can be produced, by’ inccrporatlng in such
25 a vessel, a relat;vely th1n 1mperv1cus non-metal, e. g.
plast;c bottom area,'and mechanxcally supportlng th:s
th;n area by~ phys;cally contactxng or moldlng it to
' rlgld graphltlc, or metall;c mater1a1 having hlgh .
thermal conduct1v1ty, and with. a heater ccntactxng
0 -~ 3D bottom outer surface that is. relatlvely flat or other-
. wise contoured to make maximum thermal contact with
a hot '‘plate surface, or “the l1ke. The thin plastlc
.bottom area of the novel vessel may be molded
- continuous with the plastic ‘walls of the vessel as in
35 Figs. 4, 6, or such a thin plastic bottom may be
incorporated in the novel vessel by molding, or coating
a relatlvely thin plastic layer to the top surface

[ D)



\htIhUOUS wWi.th the plastic wall's of the vessel es.in 35 Fi
. -as i s. 4, 6,
ol di ‘a thin plastlc bottom may be |ncadporated in the novelgvessel byOr
f ing, or coating'a relatively thin plastic layer to the top surface
- of a. graphitic, or .metallic. elenent, or bOttOﬁ]pIECe 2 62) and :
uggzertlng i bfi Al @ ix&e,oﬁrthehqliicﬁuﬁkpm%eéel°ra iﬂﬂwﬁy sealing
metal band B%p'éet 431 ‘A58 SREATE #2645 YASoBasE F oo of 3
N n
T Lfcebgngt?j‘lé{eWleﬂdedebesselt,haﬁd oFirmly sealing. 3“%“ s pl agt:gt e‘r;ffl |
ol o precgecFing 48, PBOEhE” pRb A e 0k EhE, pRoskiict VaseelomeiL, or
_ is i B
plastic i®t mﬁéﬁs(ﬁftaemptaiuhandﬂIQ%B“EaPFthbéﬁuﬁasr#é%ﬁ?ﬁé ;he thln

.relatlveiy th| | astic,layer ° e gr
A it t nt
equi val ent t"'d’a 1acthig® Pﬂgx i n?p st?cafgye?ﬁgg&gg%g#oﬂﬁ%?ge si’ Inie the .

“top surfaceﬂﬁﬁnnﬁeéyreeebeiuah;thqp%@M¥?|e lop ﬁﬁﬁﬂQ1c t8ri‘al is

essentlaILy the sanre t et t '
o exampl e piRRke HEyRETT RRALIE LTERS BUppairte ! ‘“‘?h?cks‘é{éiéﬁ on.
- a haot pIategﬁaﬁhifhc$uotameﬂaiﬁx#eﬁheeeeﬁsSQG h? sﬂg

tenperatures lmt {u &

thoR Gk as At t 30
-.lseconds fé ’rl%r% Tho % rf.lcagsf%ér]mpeir,atiure as . t-he hoi"[?';i egrgbhuThe pl astic =
layer thUSIﬁhehtﬁthlplast shnttQmsagﬁatEEpéh%tﬁk? ?ékwﬁﬁt& Lt except-f

: fAﬁ[.,t ﬁgr ,tgg SEing Ve ﬁts%'e | g;ﬂé&h (8 $eNwitGy ey fiiegn tplestdee t he heat .
‘cont act, vmtfuéiem on the graphitic orlgegg ‘!é:e‘ﬁééﬁ%'axer is its good
equ;valent to plac;ng the thin plastic. layer on a
15 hot plate, sznce the top ‘surface temperature of such
& graphltzc, or metallic material is essentially
~.about the same as ‘the temperature of the hot plate )
surface. For example, discs of graphlte ‘and aluminum o
~about 0. 250 in. thick placed on a hot plate at-a . '
20 surface temperature of. 550 F, reg1stered temperatures .
of about 535°%F on- their top surfaces, after about 300 .
_ seconds, or were about the same temperature as the
~hot plate. The plast1c layer thusis directly ex—
posed to such tempereture ‘and would melt except for
25 . the presence of a lxqu1d on its service surface to
remove the heat. SR R BRI
: Another important advantage of the thin
plastic bottom 1ayer is its good ‘contact with the
. inner surface of the graphztlc, ‘or metallic

.30 element, since it is molded, ‘¢oated, or otherwxse : _';f S
bonded contiguous to the surface of these good heat o
v conducting materials.' This means that virtually its ¢

_entire surface makes excellent contact with the hnat
source via the graph;te, or metal, bottom piece.
35 .1t is also relat;vely easy to machine a flat or
~ contoured bottom surface on a graphite or & metal

P



I.nner.- surface of the graphitic, or netéﬁhic-SO el enent, since it is _
nDIded coated, or otherw se bonded: contiguous to.the surface of these
good- heat - conductlng materials. "This neans that virtually its entire
surface makes sggrg@ mhggtwagmaahhgg or
metal , bottom pi geg*eé'?gs Q?FEQQEgl ?tc?rar&elhgot | ve 1;:/ eas¥_ machi ne a flat or
cont our ed bott phehe faeefaor.a Homsveny dbhe heed) Tor &ihdifentl afpesfi ng
good.contact t t epe PRIV | g@@rggfd for

t hi safd at ness :isé)ﬁ.‘é@ ‘Q’Fipﬁa QQ& Q%‘ﬁ%&f&ﬁ&ebfeor a rratmerl al such as a.
pl.astic or gIa§#QMt¢BpeoplaH ﬂ#awnuﬂlﬂiﬁ wilthi ppey, thernakrefBre poor
heat distriluti er C & Hgg{ea Yt GHsBYSnpot toms.
characterls? suc%£€ésggps%% %gicegpﬁ, @F 1Thus it caﬂpbe seen
why wnforn1hedhﬂkﬁ¢s egpanﬁy@hmdwbnrﬁh%wumgyegavrngqnﬁﬁ%#s her eof '

10 in contrashdirdfie ERhIMELEY I i S0ER) vBRLRIRDIprd@atEaObY!

conventional glass vessels, and why it is not- eaS|bIe to

conventional - mmﬂidxﬂﬂessihussGGhQ£ﬁz??ﬂ%&??c“h%aﬁ@ﬁ Qﬁpébﬁﬁglﬁﬂaﬂ§,z The

very large. m‘#ﬁ%é?ﬁéd'nzhﬁalhw<Eﬁéf5f3éé&lﬁapaaebémsCHeﬁeaeEventiona

pLastic-vessel bottom-and our conposite vessel bottoqkls shown Table |-
her eof . Tabﬂeliﬂﬂﬂﬂﬁt§a§§n§&rﬁﬁﬁ1Hﬁlﬁﬁky?%érﬁﬁp‘e A%y | RPEESPOE st he

ener gy .saving \fgéaﬁ?i hgge idrAss grélssl @éhb@l SS&ﬁ%é wB it is
Referring to Table a8t EEnv%%t h gres %% y

. the table o] a conpar t.he
charact eristi c ek fﬁﬁ?bhﬂeoﬁ°eﬂgan;E§RHY@P égégﬁsﬁiﬁiiﬁ v%esBSEPOFEQH

con-" venti onal g 3ss 200 REABEEK USSR hdbepliakles |ists the thickness 1
Of tTe bottom|r1|nc% Thgrqgryllarge difference in heat flow rate _
15 capablllty of a conventlonal plast;c vessel bottom
\'and our composzte ‘vessel’ bottom 'is shown by Table 1
hereof. Table I shows a comparison of the thermal _
.ucharacterlstlcs -of: the energy -saving vessels hereof .
_ Vs, glass and plast:c vessels.
20 Referr1ng to Table I, the table shows a
| compar;son of thermal character;stles of bottoms of
‘energy saving vessels hereof vs. bottoms of con--
-ventional glass and plastic vessels. The table lists
the thickness 1 of the bottom in inches; thermal
25 -cunductivity, T.C., btu/hr./sq. ft./°F./in.; thermal
- conductance, U, where U = K/1; heat surface.centact
. area, A, .in sq. ft.; heat'flbw'rate capability, UA,
.:in btu/hr; and heat flnw rate capacity ratios of a
vessel bottom of the invent;oh "Bot " vs. a con-
.. 30 - -ventional glass beaker bottom "A", or ‘Bot/A; (b) a
| ' vessel bottom of the 1nventlon ‘"Bot" vs. a con-

o : . _.ventlonal polypropylene beaker bottom




bott om of  the invention "Bot."™ vs. -a con- 30  ventional glass beaker

; bottom " A", or Bot/A (b) a-vessel bottomof the invention "Bof" vs. a con- .

ere U = K/1; heat surface conta ar.ea, Aln sq ft.; heat-flow rate

#Z2X\ - conductivity, T.C, bt u_/'hr_.i. Isq.«kt./[err]/in. : ‘ther rfal conduct ance,
abi Tity, UA, in btu/hr; and heat flow rate capacity ratios of a vessel

.ventional d!ﬂ&/p@bpﬂb&ﬁ(@,b@ﬂ@r(dabtaonesseZSbb(t‘t-omroBothéZ iavéntdora vessel

-'_bottomoft i nygnt i;on, Bof - v
pottomor g6l T W% filasil

3SAVING VES§$39\E¢°E9¢1tNB - GLASS AND. PLASTI C VESSELS' 5°

‘Total - Ther m_al' Ther mal Thi ckness Conductl Vity Conduct ance
~ Bot t om .Material. - (| n.) - K U A ‘dass ::
- .0625 8 . . 128 B~ - Inpervious 10 S Graphl te .

. .250 975. - 3900 C- _Poly. Prop. Plastic . . 060 -
1.3 . 22D PoI y. Prop [/ .003 ' 1 3 390,
- Graphite. -~ .250 - - 975 ..~ (comb. . ) - E- Teflon. .~

CFEP/ . .010 .. ... . 1.44 L 139 Graphl te . .. .250:.. . -~ 975 .7

. “(comb,) F FEP/ . jq(tjoos; . 144427

‘e

BRI LA LR S '



C?aphlte : . 250 975 ak (cGr % ¢ : 'Clasig75_
aphite .

.025 /™ 8 . 301 20
. 975 , . (comb.) "H FEP/ . .003 1.44 -
432 Alunlnun1 . 250 1070 _ ' (comb.) | - Porc. o
enamel / . 016 8 B 426 C. Steel . 175 360
: (conmb.) 25 . J: - FEP PlygsgiE I. 002 A 44 o .
268 Porc. enanel/ . 125
360 fer s.sfe@TﬂégﬁéL C“ARA°1§31571°5 QE5?9%%BHE hr £ 2
Tef| 60 FEP . 010 SAVINGIVESSELS VS. BOTVBMSMF chssxnmﬂhyl _pent ene/
. 003 . 1.40 . 217 on 250 . 975
(conb.)  JTable | COntlnueo - S , Cont act "~ Heat Fl ow Rate’
Bott ors Heat 'Fl-ow 5 Area, A Totﬁapabl i t‘l'/hermal Rat eTHewpndl | ity
?itzlsos Sa. " Ft. Bru/ Hr5 3 Thlckﬁ;s%tsl on§8E:/f:EV§HBOt /d'onguctance268
1559 - Botﬁim OlMaterzal 0227 Y (in)) - Q17 - -- 92 10° _
..088 . 2676 T.55 7.7 . 088 77
935 .-5%_ Qﬁ? %8s -°Q§?%s 87 293 - A8 3.0 .088
26.5 IZ:ﬂperv:.leO 2.1 088 . 38 L 29.7
173 103. 0 15 Giifthite . 37250 975 29.3 . '_1_7(39003._:0'.-088
260 o Wf el Lo T T
- Plastic ._‘_.060 B P . 22 .
_ D Poly. Prop./ .003 - ~ 1.3 . -390
. . Graphite .~ - '.250 . ..- 975 . . “(comb.} .
15 E. Teflon FEP/- 010 - 1.44 Y 139 - . =
' _ Graph;te S e250 . T975 . (comb.)
F - FEP/ - ..003 - Y.8& 427 |
R Graphite <250 975 o (comb.)
& - glass/ .02 . g 30 e
20 ' Graphite '.1875 ' 975 B (comb.)
‘H - FEP/. . .003 o l.448 0 432 -
' Aluminum . -.250 1070 0 (combl) L
) Porc. enamel/ .016 8 | 426
s ' . L. Steel .125 360 . ; (comb.)
-25° 3 - FEP Plastic  .002 1.8 . 268 .
' Porc. enamel/..016 8 . (comb.) .
C. Steel - .125 360 - C
-K .. S..Steel. L e o o
~(304)  +200 105 525
30 L Teflon FEP .010 144 R XL
M . Polymethyl- . o
_ : pentene/ = .003 . Y40 417
. _ graphite 250 975 _ (comb.)



') 088 46.2 - . 36.145 210 3.6 .088 - - 12,7
(o 58 - .088 N 37 .29 - 168 2.9
Ebotnotes to Table- I: The amount of heat transferred by conductlon
(Fourler s.Law) Q KA AT/ 1 [ gw%q nsferred. per unit time, or
heat flowwrate, (B.T.U/H), %IPBQ'C nlt’éa pendi cul ar to. heat row(Sq
Ft.), Héatﬂﬂg<:kness (in.) K. thermal conductivity of naterial
" (B.T. /Sq. Ft./[err]/in.)[err] = tenperature di ff. between sides of -
botto ﬁ@ﬁeﬂ t hrough whi ch-heat .flows.: :Law of. conductivity may also,be
st at eOoRteds [ er r |Heabr ElowiRate. condudteken(Hept Ed@M ned conduct ances.
i.n | ayers s pla aphite [errRate thabﬁd;ﬂyﬂﬁétgoaphlte etc.
: nt act® gﬂeg'refeﬁ% § BZgltgrdla bottoms=in sq= ft.~ =A}=bottons the sane-
" di aneSqr. Fideat | cBtagHrrate capablIEQQ/A(UAﬂotJQnuwiﬂg$£ to0 indicate the
mat eri-a Epctors such gs gher mal conduct|V|ty SKB and gepygtry (surface
~area-of contact (A) and’ihickness (L) of a bottonlnaterlaé t hat deternlne'*
hea.t. D@8 rate capabi| P& and not inc?68i ng d5dkss 20 Zrlables suchas
tenperahaﬁp (AT) - assuanQ al'l ‘such congifions are eqU|vabgnt in conparlng
bottom materials. Heat OW rate ratios: Bat/ A, where. Béi 55 vessel bottom .
Yt eri aP88A s glass bot 8ém . 0625 in. 26r6k. BatI C .wh Bot is vessel
bott om rial, 25 C 9. gplypropylenegbgttom $$0 - in. thpek. Bot/L, mhere

‘Bat is *vessel bottonlnaterlal L is teflon FEP tom eri al . 010 |n
 thick. -088 T 5706 5928 PE° Ry ”aé b

088 265 2 vz 2.

. .88 38 297 173 3.0
15 .088 3.5 29.3 170 3.0
 .o88 23.6  18.4 107 1.9

088 . &6.2 - - 36.1 210 3.6
688 . 12,7 9.9 - 58 -

088 31 29 . - 168  2.9:.



‘Referring to the di scussi.on above and.to;ﬂgble | relating tc a conventi onal _H:
plasttéﬁbeaker, t he conventional plastic vVessel is a 4 in. dianeter beaker -
W th a'polypropylene bottom C. about 0.060 in. 5 thick. The invention

beaker is a s¢ghigﬁt@@3£¥t¥é§ygﬁgg 4 in. dia. beaker except the conposité |
bottom D con I ck pol'ypropyl ene | ayer bonded to a :
0.250 in. thi c‘khgrapnm stjbptmat ngraosfernsicdy comduchéppal(Fourier's
conducti vit Sgt Le k04 0 bt / Ll f,0r both
pl asC¥C bot?ons & g 5% %ﬁé 9 ﬂggtcﬁﬁhnéfeéLEF % ﬂ1qn1€2 for
the 0.06 in, thi@ﬁ.pp;sthqaﬂocﬂmmratevs(Bsgclt-oéﬂxhe &oﬁpgseaeper- - '
graphlte/p ast o 8 qTe reater.. Gt ttom
contact "ar ga ?E't‘ﬁguc"g?\fgrﬁ? g?]%?p 48! J‘ (lgs oﬁ.lt!;/'g ofct 1%@& that hf%bﬁ
plastic/ graphKta bbecamal tmﬁetatlnéw oft matarinl i (§. T, /Hr/Se. |
-conposi te pl asﬁ'tcégf’?ﬂw t)eabpt.l %m&erhiu%ﬂ d?f’l&g%)%tﬂﬁéngﬁg@feg ofiNi S

I 19 ustrates the 2 uni t her characteristic e energy saving

vessel . It canbP@ttempa 3}, thoough vhichy heat (Dlews.i nLamhiodk) - —~

plastic, and [ t BbC m Bota ess of
-.0.3253 in. hasa‘g%ﬁgggﬁtﬂw?t% %j;?ogﬁgathtﬁl?vfr adt_|e g%ab?l *"ngregtt?o
e

38/ .22=1730 asiporepAuptangmi prhgnes randuckanpes ipydgyenecel

bott om pi ece cgat flawitile &S drapRite pqrc.ellal.,n ENapei Qn-gictissurface
plus-a 0.002 FEP plastic fl|ﬁ1b0ndéd to.igs QﬂbsqI acey,(J), #30 ‘has ‘a
12

conbi ned t her nal conductance U of .26B, " or t-i‘mes. g?eater t han t he
plastlclmntcwﬂbaﬁteenn thRﬁP %&m,aeﬁsat flwrate. capability 107 tines

hlgher lee the p|aSt|006ﬁ¥#ﬂ§ @fe&htébe%eWH(11in. dia. bottoms
o ' : in sq. ft. = Al bottums the same diameter. Heat flow
15 .rate 'capablllty (UA) is: used ‘here to 1nd1cate the
' mater1a1 factors such as thermal conduct1v1ty (k)
_and geometry (surface area. of contact (A) and
thickness (L) of a bottom ‘material, that determlney“'
 heat flow rate capabllzty and not includ;ng process
20 -variables such as temperature (AT), assuming 21l such
. conditions are- equ;valent in cnmpar:ng bottom materials._
-Heat flow rate ratiOS° Bot/A, where Bot is |
vessel bottom materlal A is glass bottnm .0625 in.
thick. Bot/C, where Bot is vessel bottnm mater1a1
25 ©C is polypropylene bottom .060 in. thick. Bot/L,
. where~Bot is vessel bottom material L is teflon FEP

bottom. mater;al 010 1n. th;ck.



| 4s5- cerani ¢ or ceranic vessel that can be used on a hot plate a snooth
.range and the like, can be produced by incorporating i'nsuch a

vessel , a relatively QWg}ﬁHﬁ§St60thenuaeeus§ionamuowecham<tu|y '
supportrng and protecting, this fragrle g@ﬁn e thrgg Qﬁhgonrarea by -
bondi ng i tTable: Li ged afdamhi o cangp VF&F‘W @% 1ER@PRR%T conduct i vity,
K, and wi tﬂ? {99&\’\/8@&!@1}31 Splﬁéﬂibvelekésfdlati@raohhthI dd ammtemred to n:ake
maxi mum cont ac he

- | ate.s rfac th e thin ;f\ S
~ glass bot theakerayithy a @ME"EM Bk tﬁ% ?ebt ibeﬁu ih'b glass =
vessel astﬁfrgwn "‘hﬁ %vg,,éloﬁrbsuqzl&raﬁdﬁlm gimistahopbdm-may be - '
e

|ncorporated as th ottomin the glass vessel, by nolding,a relatrvely 15
thin gIassPrayaﬂﬂn$t4mﬁnopdéanfé@ékﬁre?fﬁ%@ﬁrFBeb&HﬂﬂﬁiﬁEEe “of about.

‘the sanme cg EEEHH s?étspﬁ?shom‘§h3f¥h9|ﬁﬁ§cka@%ry¥&ﬁ P¥ehb to the

open ended:

gaskets, olayrs landedinbioaenB:250dn. ddnickcpsaphide eupRastings shown .

in Fig. 2. étEdegiéE%'C iﬁ&eEH@tdiﬁﬂédeGéﬂzah%Q be o gegher: coated to

the graphite bott lece, Instead of theg SS Iayer and secured to the_,;ﬂ
gl ass Mess8pmess ld-e"sﬁ}b)n'bﬁld/bb’o/&h }; |’g z}go-slf(ﬂb'n hot 'Fr 2, 25, o0

where 26 "BY E%ﬁi B bﬁsorcaawcmﬁ B@uefhertﬁe&me cmThe advant ages of
a subst ant af ass vessel with such ﬁonposréirglass/graphrte

;'plastrc/grdpﬁﬁﬁQQRit b &Fcopddy 24 Fax ki Gn forRh &K wi t hout
bunpi ng, &Sseﬂa(b&E%%hngc V%tezeﬁ)foiouﬁé Bahpmsiuetenneratures :
srgnrfrcan ener%. savrng greater safety, egag%e t he nori rugged
graph e/plas ic bottom D, or abou t1mes greater.” .
15  51nce the bottcm contact erea of the conventzonal
'beaker is only about lllﬂth that of the plastlc/
graphlte bcttom, the heat flow rate capabillty,
" UA, of the composite plastic ,-aph*te bottom, D, is
. 34/.22=155 times greater. This 111ustrates the
20-'un1que thermal characterist;cs of the energy saV1ng

\ngS we have also found t hat -a uni que’ éxa novel energy -savi ng glass
t

_vessel. E -
It can also he seen 1n Table 1 that a FEP

(0 003 in. thzck) plastzc, and an aluminum 0.250 in..
thick bottom H,'of total th;ckness of 0.253 in. has
25 about the same h;gh heat flcw rate capab;llty ratio,il _ .
'38/ 22= 173, as bottom D. -Again ‘referring’ to-Table . - - ..
Ty & carbon steel bottom piece coated ‘with 0.008 '
in. of a porcelaln-enamel on’ each surface, plus o
~a 0. 002 FEP plastic film bonded to its top surface, (J),

_30_has a combined thetmal conductance, U, of 268, or o :er'
12.2 times greater then the plastic bottom 0.060 |
in. thick, and a=heat'f1?w~tate.capability 107 - .

tlmes hzgher. s
- Like the plast;c vessels of this invent;on,

35 we have also found that a unique and novel energy

ase .0 t e vessel with internal and external flexrble graphrte ?'Q;



conp05|ge bottom and others... Fron1Ta5?£rl It éan be seen that a
conposite gl ass/ég,pﬁhét to Gs-deXh L ek & t hi ck gl ass
| ayer~and 35 1875 |§ QQ%lchgrgb hite, ﬁt o8 coﬁ%ﬁﬁéd%ﬁ%eéﬁ%

conduct ance, U, t&at3cign deepused o0 1!23!01f cnlateonﬂ saectdhop sengeet t om

o S daraoi v ?Llnner Tgf 9|é§§55gy$ 4?&&@@ Q;aﬁhlt #H¥H€k#§ fﬁde

consi derably even’so ies the

.1'."

<§§

t hermal conduct 84&h ajvesselj Plnedﬂﬂ¥¥¢i¥uthibmslaﬁé(hﬂi%ﬂﬁl#t98.UA of

the cenvent sonalal ndipi 8Nty 83 pReR et dndepEbRRLLLndIC (ENED O o

concave botton1surface conv nt| ‘ass vessels drasti’ca reduce
‘the area of heaﬁﬁﬁ?k&#iab@PéBﬁtﬁéDséﬁﬂMRaQR%?%H]BrPﬁatM%;hRﬂﬂﬁmg |s onIy

-about 1/10th thakg qfgt O8+h t 0 f ft.
10 Ve have“a’es‘*é?’.*’%i’” B F“SS&%“‘&%}%??&‘@ Rty toeeedl o

‘a plastic, and &o@ %X&iﬁahﬁnﬁ@@ﬁ wiidh & akt §mc&hQ&aMﬁxﬂﬁlﬁka¢1h a

‘wisde variety of f'I%tterdxméhhémi%t Boatowx%i %'ﬁSkeoﬁaniuﬁﬁ:PW%dt& 6t that
can be used_in nunmeraous applications.: The bodi es of ‘the .plastic vessels

can be maddBof WRERHRE fwelplate; FEé.'cﬁP‘-‘rﬁarﬂ?oTﬂ’éE la#e-uséd\eco#hmm al.- -1y

for vessels and qa@slm&mTﬁebgdma? (Ue MPEE ¥EAELhE ot WILHEER: Of the
many types of glasses-used commerci al for vessels, particularly the

boro- 20 silicResk ﬁesth%rgtﬂ%scﬁﬁﬁ'ﬁﬁlly lfs%cﬁ'g?‘égsi!?elr&tﬂ%s Sohrt®Rul arly

‘those types usegubl £AUNR'§1a581 baetvassRly Bedihberpiotated s et yPeS
of 1 npervious &Eran1c material s al.so he ‘used.._Since the abaove

materials are weel ttomdn tihe h%%%sgaﬁﬂsls&rl wilh. '28 dipgs @ Felakivedys and.
cerahic te!BnO|Qﬂ!n\yia@é|layer to the top surface of a graphite .

bottom piece, of about the same coeffzczent of ex--
'_pansion as the glass, and securing it to the open
ended base of the vessel with internal and external

_ _‘flexible graphite gaskets, or the like, and a metal

20 band, clamp, or fastener, as shown in Fig. ‘z.RT

| ,thin plastic layer or coating can also be molded
.or coated to the graphite bottom piece, instead of
. the glass layer, and secured to the glass vessel

~ as described above._ This is also shown in Fig. 2,
25 where 26 may be a plastic or a glass, layer or
_,surface. The advantages of a eubstantially all glass
vessel w1th ‘Such & composxte glass/graphite, ‘or
plastic/graphite bottom are many,'including uniform
heating without bumping, more rapid heating rate,

30- _lower hot plate temperatures, significant .energy
fsav;ngs, greater safety, because of the more rugged--
'compos;te bottom, and others. From Table I, it can

~ be seen that a compos;te glass/graphite bottom, G,
.consxsting of a 0. 025 1n. thick glass layer and

35 0.1875 in. thick graphite, 'has & combined thermal
conductance, U, of 301,'compared to 128, for a con-

- ventional glass bottom A, D.0625 in. thick. The
glass layer on the graphite could be made considersably

»



bt-{urther di scuss these onIy |nsofaﬁpbs they pertain to the conp05|te

ve sel bottons of our invention. The conposite vessel bottons of this in-

metal | i ¢ mat
mat eri al s.

wention can be nmade of a variety of coated or- conposite,;

iakﬁﬁér th%ﬁ H?%lggpﬁggP E%%ﬁg§éﬁ$b$€ ﬁé g&a@?:éigessel.

be formed cobiiesothentieshsl pbonduetande o hem\tezi 85mesl theei ng

SuPEnL g BIBC L AR FRECE R, T IR |

nol di ng, as

graphitic,

or.

can

‘i ke manner,ghasshbattomFi gAs 6randobsﬂyumedtib@&d§SthetMmevﬁnthe gl aSs

vessel can be nmade contlnug

by and b nde‘ar §°ﬂﬁﬂ¥?ﬂf?

difference i

: bor05|I|catesﬁf
Fig. I, wherenlyeabmumxﬂlrﬂbbttbatebew&Mb Zomposibeebbetoamnd secured to.

t he open ende ase of.t he vess t.he in plastic |ayer.4-can be a _;___...'
~plastic fllnfﬂbpdgﬁIxfleaﬁrapﬁbPe S8+ theas coating, sprayed, dippged:,
pai nt edyg or ot herw s€ whaed. deihnplealsttlvm pt)qfesabfyno&eﬂeheﬁwlé rom .
"jpolyolefln L

gpk{&k%m¥%¥g§¥a°n’olyci @Tgfaégd a glass type,

. however, such vessels can be modifxed with a wxde

15

varlety of materlals, and with a broad selectlon of

] e ess elng supported”
Eam BUBRERRE B CHRYSIREL SPRLeBI o8 oral | c
bot t om pi ecevessedis rdrwawedklyi peduaes t\lﬂssﬁsa beﬁaheetafngt he | arge -

Syt BT sAtErTEAE R bRtBls; AUCKAEPLERee B 80 chown in

geometr;es, that can be used in numerous appl;catlons. o

jmany polymers already ment;oned, and used commerclal-:;

?tly for. vessels’ and contaxners.: The bodies of glass

vessels can be made of the many types of glasses

" used commerclally for vessels, partlcularly the boro--

20

" silicate types, or the commonly’ used glass-ceramlos,

partzcularly those types used for cookware,_coffee
vessels and the like. Certaln types of impervious

_ ceram;cﬂmaterzals may ‘also be used. Since the above

25 .

materials are well known. to those familxar thh
plastic, and glass and ceramlc technology, ve Wlll

'-not further discuss these,_only 1nsofar as they B

30

pertain to the composite vessel bottoms of our

invention. i . A
tThe composxte vessel bottoms of th;s in- 3

fThe bodles,of the plast;c vessels can be made ‘of the |

Ventlon oan _be ‘made of ‘a var1ety of ooated or comp031te,-i_
wgraph:tic, or metallxc mater;als, or they may be. '

uncoated metall;c or grephxt;c materials. The inner~

“most, thin plastzc bottom of the plast;c vessel can

;be formed continuous with the plastic body of the ves-
‘sel, belng supported by and bonded to the graph;tlc .

35

or metall;c.bottom piece by’ moldlng,}as previously

>



o

ot her mt abI e corrosion-resi sta% ant| -c&nt am nating 10 poI ymer,.. or
resin, .including fi.ber reinforced or filled plastlcs The bottomplastlc lf?
may be the same material as that. used for the vessel body, or another -
type;, such as a glass filled polyner,. for greater abrasion resistance.

The plastic Iaydlestn;h“azd;arabﬂyassshbw it Fligw. 18 ands6(0. AGL &0 O. 010

in.) thick. A h a somewhat thick y. b or, ,certain
appligations, :llg‘lq‘sggm%’f? y ﬁoFLPgﬁ'oﬁ‘r?erﬁdi%s ngaﬁgg g q‘lh rﬁWl ower ed
condud¥ance. Agﬂ.msn bcﬂftdtmrafeﬁhgr gluds, vessekntad beamadeni th the same -
20 resin 4 my al aphi | &Een .ated with a FEP
fl uor ocar ban res?ﬁiarﬁ‘g‘emg %t%ﬁtﬁ egt&éﬂesouffgtée &f%ﬁgg b gm | s- of the
sane resin 45| ssd«pmmlimtl b)n andnbbeded Hye mseldingohood grgphdtiicc

materi al as’ 25b rﬂ:ﬂ% nﬁg contacting heat conducting vessel'
bot t.om el enent |s ase no 4 sllggﬁ its good thermal. conductivity, but on

i t3 excell ent corrosion I @S i tdCri € Satltnﬁp@iﬁiﬂé\%é Yot NPBcbehded Ur e,
al so.its good: fabricability, -machi nabili |.i ght wei-ght, _excel | ent, 30 -

heat shock reS|%T'aﬂléssré’leaﬁﬂf‘eﬁyb?"é%&&st"farﬂ‘eav‘aﬂ%l'P-}ff/'erPPclesié] so -
virtually. warp ghrefhalVesipa A @aehegh%nwfew@&mﬁaﬂm t @iftds been

used for- Eé years i n_ the chem cal and fqQod processing |ndustr|es for
c ‘ '

processi ng hb?rﬁP‘éf‘}&Fé‘te &l‘ﬁﬁ ‘EBﬂEBﬁt’-rtéi"ét?'sul furic acid,

phar maceutl cal s and fruit Juices. The i rrper vi ous type of gr aphlte -e.g.
"Karbate" is generally Used-‘im such dppl i cat.ions, ..because heat 5 exchanger
processing, generally used in such ap- pli catl ons is carried out under

pressure. .Since- graphite, as manufactured, ‘i s ordl nar.ily too porous to



- be.used under pressg&e except for spéﬁralrzed types, such as pyrolytic
. @n ite, it is inpregnated usually 1 with a resin, generally a phenolic,
- \epoky, furan or a fluorocarbon resin. - The. nost common type of irpervious
_ graphite, Karbate .(Union Carbide trade nark) is 85 to 90% by wei ght L
. graphite with the balance ‘general ly berng a phenolrc resin. For nost of the .

15 applications:invgl.yvin % ssel venti Illtle or no
pressure above atnosghe ga?ggﬁsg W% g %Bﬁrfggu e
_graphite/ cﬁluonlr;at\ﬂ'rewesthet bompuszrtcer dmtlyomaqlbmentea lpairé icularly |~,bka _.

oot s Lihek el | 2etiEeUTRS] AN Wi 6 ° 8,87 207 L2, e
however, |ths|gashaiyﬂtbelbhmnspﬁhshynuiayaxrﬂu -.conductivity. of graphrte -
.~ Car bon |s &égbgor e&a}b{gﬂgteﬁffg S{ de ftentg*tlﬁg ﬁggg éSS There are vari ous

gr ades 2of W varyr 2br asi on
resrstanceprbalhm&hxngy spnapednyﬂlpﬂadxnp51myed,tbermmhexnmhet|vrty

- th | f I bonded
the vurr ac8pREagn, e WEASLES! Do dedui s £ BRI bECRIRGHE DONTRC ;ra. o
'structure lanblyalbrﬂ.ﬂn eely flobraberbon;? pgp‘bcca)rbonarl:er, orsatisfactory.-

-Wh b t S
Vhere oranbihErOeuliaid 8 BR%0ht AL, PROESTLBRISRMALON o
 statedp arPelpoeviows grtaptm elmﬂhdaumrﬁxbmerebﬁfplraetd on sfixled .

satisfact %rgseigehorgq 0 ga?&sm p1EYtiYU" Ry e ERLCKARRS it d gﬁgfap“' te

s_bottom\MII e vessel” geonetry, part cu t he y
~ dianeter. aFoﬁhékaMﬁaﬁ f@#ab et vessedubods, or another type, =

such as a glass filled polymer, for greater abras;on
| " reszstance. The plastic ‘layer 4. preferably is about
35 Y to 10 mils (0. 001 to 0.010 in.) thick. . Although.
n a somewhat th;cker layer may be used for certa;n. t
appllcatlons, it is generally not recommended because
- of 1ts much lowered conductance._ ‘A resin :
o inflltrated graphite, element 2 coated with the - same
20 resin 4 may ‘also be used. A graphlte, element 2
1nf11trated with a FEP fluorocarbon resin and coated
on the top ‘surface with about 3 mils of the same
resin 4 is described in Example 1.3_
- The selection of a. graph1t1c materzal as'
ig a heatlng surface contact;ng, heat conductlng vessel'
bottom element.is based not only on-its good thermal _
conductrvlty, but on its excellent cqrros;on_resrstance,r'
aﬁti-contaminatih937non-toxic nature,_aISOjitngcod-
febricability, machinability, lightweight, excellent
'303_heat shock resistance, relatively low cost and |
' availabzllty. It is slso v1rtua11y vwarp proof, when
placed on heated surfaces. Graphite has been used for
many years in the chem;cal and food processing industries for



to 3/8in. thick is satisfactory far vesséﬁg'up to.about'4_to 5 in. ' <i2;;
di ameter, as the bottom contact area, whereas vessels about 6 to |2 inch _
diamter would require a thickness of about 3/8 to,3/4 in.. Such vessels

may ‘&l so reqwﬁ@oé@é@knguanw &ﬁdm,t%ghnobobbammﬁtmm Met al

el ements of conposite neta ons_for r d heating
vessel s may bé'-l]:')f“réﬁngF&ér' %”c’?ﬁ"?ﬁfé?gfﬁzﬁ %P?B&:lﬁggl‘wrgg%g because of

their higher érstigpedVivuis Typs wf egrapbidety e.gand' Kaxkabel . with a

thlcgpess range of about .1/16- t /4 in b about
12 im-in di a??e?eﬂenei‘ﬂ éfsé’stﬁ‘i)rél atec §58E§g§ %i%'t? sto(r)nsée?garrgﬁltoggza& is”

based on thei regensngber palocemuding | vgenesal3ymysed |inkeseehpapP-and
“al um num have e her t'’her mal ducti'vities, -than does graphite.
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Sore, |ike theP &g s?ﬁl FRESd ,URdGE PS\'REP"IEFVaI fetal s are
~also-strong, t 1Eé§Yab0mE%hm43£wr6dd iée&duhham&ﬁyEﬁdm potiousvén, the

st.ai nl ess ste s kel .and cobalt base al y§ 1VE4 d contairn

el ements that §0H996r|96ﬁ§iﬂ?ﬁﬂye§ﬁﬁPg °‘rﬁ&ﬁ§%§fﬁ@§ ?%Pgﬁeo t he'

ones pr'Wﬁ“|)bd@ﬁdaéObyﬁﬁnvtﬁdﬂgﬂéﬁhﬁtepcﬁtlﬁstmmpjegnatédpusueilyBO
si_ng and relaaﬁﬁagndustrles qﬂgL SR nhﬁkel Onfﬁéhbanlun] and -
their alldy® t&nF &P &Ry géﬁqﬁ? d® egggéllxﬁq Ble This
represents a ¥ Yal flgorvesirdon afestnal sTher mosttt anruanmamstypé offii ch are
ant | - cont an nAMREF RLPUPS SEAR TR A ok R BBLBLA AP Lot 202t P80 vel y
limted range wdrk) £spBSCtiol ODX b)Fmeisglairpge,ap\Mta akth thei badance
generally being a phenol1c res;n.' For most of the
15 appllcat1ons 1nvolv1ng the vessels of this lnventlon,
-Yittle or no pressure above atmospher1c is used-"_
therefore, graphxtes, or graphlte/oarbon materials
with some poroslty may be used partlcularly if a’
plastic layer is bonded to the 1nner serv1ce surface.
20 Carbon is. somet1mes added to graphlte to 1mprove
1ts hardness or abras;on re51stance' however,':t fi
signlfxcantly lowers the good thermal conduct1v1ty _
- of graphrte. Carbon is also more abrasive ‘and dxf-
f1ou1t to machine. There are varlous grades of
:_25 graph;te with varying strength hardness,'abrasion
reslstance, bulk denszty, por051ty, permeab111ty, o R,
thermal conduct1v1ty, thermal expans;on, ‘etc.
‘Where a thln layer of plast1c zs to be bonded to the
surface, a grade. of graph1te w1th a relat1ve1y fine
30 to medium graln structure and a bulk dens1ty of sbout
1.7 g/cc or over is setisfactory. Where graphite
or graphlte/carbon is used as a ‘bottom: piece without .
) a coatlng, it is desirable to use an imperv:ous




_~ fh netalllc taste inparted to av §%ety of foods and beverages. Like'the-g;
. phitic.materials, netals nay be cddted with a plastic, or -have a thin 5

pLastlc layer nDIded toits top surface,. Fig. 1* Metals may ‘al so be used as
~ ihserts in the hol di ng of plastic bodied: vessels. as previously menti oneds, - _
Figs. 4,6, The plastics -and resins that may be used are the sane as. t hose
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~in. of porcélaln enane on each 'side). "It can be seen that
“the conblne&dﬂﬁhem#obbﬁmuﬁﬁﬁﬁéeQﬂ&#heat flow rate. capamlltg are 35
g »

T;about ‘the sanme as thatMg£8Q|§§@ﬁéﬂ¥§ﬂ@ﬂ gﬁﬂpbsﬁ&dmmﬁtﬁﬂ[boh msf pIanfc _ll
- cqated a|um€2¥n;¥§;€22 bodred or wslled heatlng vessels may be ' L

cons;derably thrnner than graphrte ‘elements because

;5 of the;r hzgher elastlc modul; or greater rlgldlty, snd;i;ii o
strength, w1th a thlckness range- ‘of about 1716 to
- 1/4 inch for vessel bottoms up to sbout 12 in. in
diameter. The use of metals as vessel bottom elements
) .265 is. based on therr good thermal conductlvitles. Some,-

like copper and alumlnum, have even hlgher thermal
.'conduotiv1t1es, than does graphlte.. Some, l;ke the
300 series starnless steels, have Yower K values.
Metals are -also strong, tough, easy ‘to fabricate snd
25 . readily. ava11ab1e. _However, the stalnless steelsr-.
nickel. and cobalt base alloys are expens;ve and
b-conteln elements that are becomlng increas;ngly
‘'scarce. These alloys are also. the ones pr;marlly

used. for corros;on res1stance in the chemical proces- vt*;;lir-
3g .sing and related 1ndustries. Alum;num, ' o | __;ﬂ T
copper,'nickel, iron, titanium, snd their o .*tfﬁ’??
alloys, snd tantalum, cs8n be used as vessel bottom : .o”_e_

-elements. This represents a very large variety

of metals for ‘bottoms, most of which are best used
coated. -Only the stainless, corros1on-resxstant
.anti-contamlnatrng metals can be used uncoated,
and’ these in a reletively limited range of .
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Each of+~1 hese has a heat flow rate capability about 28 tines greater than (i}%
does *gt ass bottom :.A (0.0625 in.. thick).3% wi de variety of coating glasses

or 5 fehanels and gl ass- ceramics are avai'l abl e dependi ng on the )
application.. These are all well known,. as are the nethods of processing

used by those famliar with the technology ‘For general, broad :
applications, where excel | ent corrosion reS|stance anti-contam 10

i nati on, and rel@Rplitstions.t hé'romle:shopkel.sweearmuarléd fa;ni:baer ng ‘W t-h

pr opeT’ht‘T es and W%C*EEFEE' @S tsd Zim Fggsgo %e@al}qr gate glass is
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used for Stectlon of the porc aln coatlng rom a hot caustic solution.
The FEP coat @d fkzetienlayeanmadded ke bbst &apy sytrfm.e fiigw t hethe 0. 002

20% in. pl ast'cweetﬂ% fnhy' B o FddChE FABErEICHIP e GRASTUERGNCE:

‘wWith a heat- flow ca tines t at . of fass bottom
por cel ai n enarrel%onleﬁ’éml badder xesselsras peeyn@sﬁld veaneionedsel s by

metal - bands 25 g%ﬂ?ﬁ%%ﬁ% t PR I tons.t
(Figs. 1,4,6, bottoms 2 42 6 metya\‘léwbgﬁd PQSQE% Ii:(g.traqzs?ﬁnﬁ)rfe?é‘f‘zigtggnl ng
i

device is reqwnﬁiFt%ﬁFeﬁaWﬁ ﬁﬁeﬁﬂQﬂﬂnﬁ?EvbP“ﬁéVa ﬁ?qih%QNﬁ?ﬁeﬁéeat the
base. of the&pt asi®h gfsghn;@ Gomposife BoftoRs. toctof?@éllfﬁ@ taseke

Figs. 2,3, houg h t ottom_ as an insert, can be mplded t© the pl astic’
vessel ,. Figs; Qﬁ emfggaggﬁ@qq;eﬂg mgtgllxc materials, it is

‘evident that in the event of damage to the plastlc
layer, a graph;tzc bottom would not be attacked, or
. be contamlnatlng to .the media, whereas a metal bottom
15 would he ‘much more vulnerable. - '

Metals coated with porcelain enamels, glass-
cenamlcs, and glassed—metals, ‘constitute a group of
composite materials that are very useful as vessel

_ bottoms for plastzc bodied or walled vessels. A
20 variety of metall;e materials may be coated with _
- these glass type coatings including the carbon steels,
stainless steels and other stainless alloys, also the -
alumznums, however, the low carbon steels and 'Ti-
Enamel'steels, are commonly used. The general
25 practice is to apply.a ground or bonding coat to
' "_the7metal;fbllowed'by'oﬁe-or more'cOVer:coatsa..Iheseﬂ_.
_ composite materials have good thermal conductivities
.- : provided the coat:ngs are not too thick. -The thermal
' eharacter1stics of a porcelezn -enameled/carbon steel
30 _bottom sre shown in Table I, bottom I. 1In this
‘example, a 0. 125 in. thick carbon steel disc 1s
coated with 0.016 in. of porcelain enamel; (U 008 3
.in. on each side). It-can be seen that the combined -
 thermal conductance 8id hest flow rate capability are -
35 about the seme as that of plastic coated graphite
"bottom D, and of plastic coated aluminum bottom H.
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1y used. Porcelain-enameled steel or other. porcelazn-_;

' enameled and glass-ceram;c coated metals may be
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coated with a thin layer of plastlc.' For example,

a 0. 002 in. film of a fluorocarbon polymer can be

' used for protectlon of the porcelain coating from

" a hot caustlc solutlon.- The FEP coated porcelain-

20

enameled steel bottom J of Table I with the 0.002

Cin. plastic hould'still'have relatively good therma11~

. conductance, Hlth a: heat flow capabillty 18 tlmes -
that of a glass bottom A. '

25
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The porcela;n enamel bottoms, I and 3
are ‘secured to plastic walled vessels by metal bands
or . clamps in the same way as the: graphlte or metal
bottoms. (Flgs. 1,4,6, bottoms 2,42,62). A
metal - band, clamp, or similar fastenlng device is
required to reta;n the grsphitic or metalllc bottom
piece at the base of the plastic vessels, Figs. 1,
4,6, or to the glass vessels Figs. 2,3, although '

- the.bottom, as an insert, can be_molded to the

plastic vessel, Figs. 4,6. If a bend is not used,

"this could present problems or damage to the
- . vessel because of the large difference in'thermel ex-

35

pansions between the plastic and the graphxte or metal.

: Polypropylene, for example, has a. thermal expansion

coeff1cient about 35 times greater than does graphite,
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of Flgs 1-4, respectlvely In fitting th%'netal ring or band, care nust be
taken fb allom/ for differences in thermal ex- 30 . pension of the wall and
bottom naterial s over the entire t enperature range of the application. For
exanple i f-we &3 si der a en, ende ol yp | ene,, wall e esse
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l-eak: proof. S|aseanhahlyplastécayesseﬂhn1t of poly- 20 propyleéne is
tinmes
variety of mater;als, including the eerbon steels,
15 stainless steels and other stalnless alloys, aluminum,_;
'=.and_pthers- Metals llke the carbon steels may be
electroplated or resin coated. The band may be made
of 'solid metal,. metal mesh'.wire deSign,'end the like.
A largé variety of metal ciamps and fasteners may be |
:20 .-used.. We found that a solid metal " rlng firmly secured
"__by shrlnk fzttlng is hlghly satzsfactory, 51mp1e and
. economical, and such a ring is preferably used A
. small shoulder or ledge at the bottom side of the ring

_ ‘is desirable since it helps secure the plastlc edge-
2?_-,;end protect 1t._ Such a ledge as shown 1n the draw;ng

~as parts 5, 27, 36 and 45 of rzngs 3, 23 3& and 44

,of Figs. 1-4, respect;vely.
In fzttxng the metal ring or band, care must

| be taken to allow for dlfferenees in thermal ex-
- ' 3nee.pans1on of the wall end’ bottom materials over the
] e'entlre temperature range of the ‘application.  For
- o f_exemple, if we consider en open ended ‘polypropylene,
walled vessel 11ke thet of Fig. 1, with an-inside
- -,diameter of 2. 85 in._and an outer diameter of
35 .TZ 970 in., end a graphite bottom disc of 2.85 in.:
_,;o.d. which would snug-f;t in the i.d. of the plastic
efyeseel,_then aitype 420 stainless steel ring with an -
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'LTQP e practlce of this i nvention, the polypropylene- vessels do not .
's.e ed this tenperature and can oper%gg well belowit. -For exanple in an
. experiment of two 25  weeks duratlon polypropylene wal | €d vessels with

. draphite bottons and metal -rings or bands were assenbled with condensers to

?f_plastlcs

'fwmnth a

i;reflux boiling water on a hot plate The hot plate tenperature was 2.40. -
260 F ‘and the metal rings at a: qperatur ; ﬁ o&e bk ude recorded
byt her mocemp hﬁsxnﬂc&neﬁficlené n@>.00H9R2: o &L bet ween the -

.ring and: e VESTH he eu eec(t/hah boilin

Cwater, it &B tg@%Hﬂ%ﬁﬁ%ﬁgggfﬁeaggﬁggﬁzpy ﬁ%é?gg ] q’ go h|ghgr*¢.

- than [err]}isns&ilth mreafiety . &BGGFHR%QHe %ﬁﬂ"?ﬁ' %P dpe aéﬂ Pol y=: =

_['propylene v S Ve, akso0.005pekmt esa hot plates

- at 375 - ggﬂfziiéﬁégé %hbﬁg%h%“gggs 'é i %e nﬁgﬁégfs pot excgedlng '

. 275 F. (ﬁB&h@h thhrnedpolﬂpﬂaﬂg veggg Q? "Sh excel lently on
hot pl at es. 5 att%éé athires aﬁpﬁrserﬂieiﬁattﬁa&sthe \m’lngechizb!;sekpanﬂde of -

r

. servi-ce . tem ures.s ch a hyI fat ene [err]“
- .and fluori. mat&!lﬁ eiﬂnyléﬁe%r SeAd ai “‘RBEF "ﬁ?n i!M(;grlg(ﬂ]\/\: even hi-gher

it ermerat ur es; d,gnmﬁgﬁ alwd Wb pasaseuisc oﬁnéugranhelttel on where
‘ﬁgene weppaﬁ vessel

I'ymet hyl h -
R R, peeraianort o S AR o
)

- "'-about [§i the]"?p ﬁ%?%’%% g%%dfﬂé%e@aiﬁdvet B‘ﬁ IFetho@yD%n ifkal ey vessel
' order to shr:.lon(ir e ft ehep 1e@frf“65met‘3hp[e‘¥arﬂure. o
In use, sznce the thermal expanslon coefflclent of
graph;te is about 1/3 that of stainless steel, and if o
the ring reached the temperature of 350 F the graphlte e
15 would" expand about 2 mlls, enough to 'sandw;eh' the |
_ expandlng plastic aga1nst the»graphite and the sta1n-
. Iess ring with a compressive force great enough to
keep the bottom intact and leak proof. _
: . Slnce the use temperature limit of poly--
20 propylene 1s‘275 F (135 C), it should not exceed
this temperature for any prolonged perlod of time.
In the practice of this invent;on, the polypropylene
vessels do not exceed thls temperature and can operate
- well below it. For example in an experlment of two
25 weeks’ duration, 2 polypropylene walled vessels
- with- graphlte bottoms and metal rlngs or bands were _
assembled with condensers to reflux bo;llng water on _* L
a hot plate. ‘The hot plate temperature was 240 -
260°F. and ‘the metal rings at a temperature of 230 -
30 236 F, 88 recorded by thermocouples soldered to the | B
' rzngs.. Since the plastic 1s between the ring and 1 s
the graphite, and since the vessels were f;lled with .
* boiling.water, it was, assumed that the polypropy]ene
: 'temperature was - no h1gher than 236 F (llS °c) and _
35 ‘probably.about. 10 F below. that temperature. Poly- _
| propylene walled veaaela lzke the above have also

U’
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-and a ring tenperature of about [err].Both ves- sels were bel ow t he Iong 7 %
tinme service tenperature of 20 these pol yners.  Exanple | - ;
Pol ypr opyl ene/ FEP- coat ed graphite vess An assenbled plast|c/coated

graphite vessel was nmade and tested as fol'lows. A 250 m pol ypropyl ene 25
beaker was placed in a | athe and the botton1nach|ned out, |eaving an open

ended cylinder. . The bottomend was fitted mn&h a h|te di sc chlned-
from:a: porous gpaﬁuteﬂr@d hati gaadsﬂd¢(ﬁﬂ&|ty éﬂﬂaﬁo&dQDﬂZD@ The
-di scwas nachlned tqQ a th ckne a Ig to conform
to the i.d. onHﬂa%h%%ﬁl °§ T dﬁts #ﬁéécggggztggﬁéq e vessel

wal | was 0.06 nnttdxcﬂedﬁngZQB FlKli&(ﬂ)Jhesgnaphppéwmmgnﬁﬁﬁntrated :
with a fluoroc e SUSP e disc 35
was infiltrat eg'raga 4 ‘ﬁ?lg E ?thtgazﬂmt’?%eff?EFf?'u#ﬁeF’%% ﬁ}aat%—?de arm :
outlet. Thss \aasm e-ethzﬂu F ittt isvapparendi hgatopdammlﬂaleﬂacuum
p4np, and evacyat o] u rSs € :F ension (a
~ DuPont prepara&%b%%*éig%&g f P?%gﬁ(g}Einﬁ hgbﬁgﬁ szmiégﬁzﬁéﬁf | 1 ed .
and. the suctlomﬁitunnseduchThe ﬂnixmathﬁimeohenne(§ﬂdé§)m£i?@d5}ed and. -

Lae. disc all SetANkonbedqbehand hAFLERET (BOTPRY, CfpRER Of Lhe

FEP resi n was en spravye over. t the infiltrated d
dried, and curu@uﬁd[inn¢tion &eadumt'Hu;nrhngerptegn&maiun%@-mnth a 2

Ml coatingg Wi té‘%@ﬂ?&ﬁﬁﬂst%%@m&%ﬁégfsotﬂ BaPliadde fyhi nder
te y

with the € surface-tacln t he vesse .substantla as shown in
Fig. 1, forn1nghereug;pmlybethmdpentene walled vessel with a :

graphite bottom operated for many hours at a hot
plate temperature of 450 - 475°F (232° - 246°C)
: 'jand a r1ng temperature of about 300 °r, (140°C)
15 and an FEP (fluorlnated ethylene prupylene) walled
:vessel w1th a graphlte bottom operated at a hot
 plate temperature of 500 - 550°F, (260 - 288°C)
and a ring temperature of ‘about 365°F (185°C). Both ves-¢f
-sels were below the long tame service temperature of

20 _these polymers.
| Example 1 - Polypropylene/FEPacoated
graphite vessel '
An'asaembled plastic/coated graphite vessel
'was made and tested as follows. A 250 ml polypropylene
25 ?beaker was placed in. a lathe ‘end the bottom machlned
| out, leav1ng an open ended cylznder.' The bottom ehd
.was fztted with a graph1te disc machined from a .

- - pporous grephlte rod hav1ng a bulk density of about
O 1.72 g/ec. The disc was machlned to a thickness of
. 30 0.25_ih;ﬁand a diameter to conform to the i.d. of

the plastic cylinder, in this case 2.85 in. The
tveasel wall was 0.06 in. thick and 2.970 in. o.d.
.The graphlte was 1nfiltrated w;th a fluorocarbon
'resin, in this example, an FEP suspension. The disc
35 was infiltrated by placing it in a gasketed metal
" funnel with a side arm.outlet. This was connected

all’--'
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. ded. The

graphite -disc was then firmy secured. 15 and sealed by neans
ess steel band applied by gprink fitting. The band or ring was
om stainl ess steel type 4 ‘to an i..d. of 2.965 in. which was
ss than the i.d.of the plastlc cylinder (2.970 in.). This

20 the expan5|on of the band to a tenperature. up to 350 F
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emuabedrrﬁsnme&hmembexenﬁer of utdef shins ypr EEB graphites .

t e
Susiiidion T8 BASHESR APREalBonyoRaR, €001 8 FraR BiCOLS
dopnatn bibdicthet naa'esrmerrehﬁamgﬂ ond &hp geetiong. 1) to 30
o@@s%%c TﬂEdefiE'&%tséJfﬁé@fn%ﬁpthEe Q{ddoﬂﬁé%e mpreﬁ""” in Fig.

yin ering toth astic cylinder gfat ed

and the r ﬂhgcmasrhdataaﬂlanéxeegsdoﬁtom - im anlow a fast,
%fJ] ddier 2o dovih. 35 édﬁi?#é 8fCthe @‘i:fperrééﬁ &g Eﬁé 1appl i ed,
tely coo ed.n ring so secure t hat |t
mx@mtewercsbedm sidoeofptbnedrtfr:dm:t éew désrs cyl i nder .

@8 rmgeakﬁhdwearédﬁslfﬁbeﬁ %&hﬂ%{%‘ th&/aiﬁ.r at [err].

with a walc l.ass. . ‘A conventional griffin-style 2
exegnated; dms widh- 3 3 inibdceptinmooran Bveo/apapspedr] and

'irﬁtd’@l?@ ?b@t?m s3Qel J’F‘a#ﬁésp%%t;@ %ﬁdef‘”bk‘ith ft?\%m

of about [err] on a rectangular
coated surface fac;ng into the vessel, substant;ally

as shown in Fig. 1, formlng a snug f;t but not
Forced The graphzte disc was then firmly secured

and sealed by means of a sta1nless steel band applled
by ‘'shrink fitting. The band or r1ng was machlned
from- stalnless steel type 420 ‘to an i. d. of 2.965
in. which was .005 in. 4ess than the l.d of the_
plastxc cyl;nder (2 970 1n )._ This. represented '

the expan51on of the band to a temperature up- to

350° F, well in excess of the temperature it,. and

- the plastic. would reach, even at. hot plate tem- .

.25

530

35

_peratures of 475 - 500 F._ This hot plate tem-
perature is well in excess of our recommended use
temperature “for, polypropylene graphlte vessels (350 -
400°F) . Th;s assumes that the vessel contalns an ©
aqueous flu;d and- 1s not allowed tao evaporate to
drynessw. The metal band wes 3/8 in. wide and was
made with a small shculder -or’ ledge (s, Flg. 1) to
protect the plastic, ‘and most . of the graph1te
periphery, as shown in Fig. 1. 1In applying the

ring to the plastic cylinder with the 1mpregnated
graph;te disc, the ring was heated in excess of -

350 F to allow a fast,, easy Fit over the o.d. of

the cyl;nder. After the ring was appl1ed, it was
immediately cooled in water. The ring was so firmly
secured that it, or the graphite bottom, could not



750 watt flat hot plate which was at.a tenperature of [err] as |nd|cated by _S?
a surface thernoneter.- 10 Bot h beakers here of approxi mately the sane |l

di anet er Tenperature readi ngs of the water in the-.beakers were nade at 1
m nut-e.intervals. - The beakers were ‘heated to the boiling tenperature or

until a tenperature tlne eqU|I|br|un1mas established. This 15 procedure

was repeated 3 BéB§s f“%éﬁi BHeT, I’a@ff@%?ﬁhﬁ@%& By hpaker forcdhe .

-averag‘e of the data obtained were ted to” obtain terrperature time curves

"1 ant-8 shown ith&ibeakerywase tdmn/efilllegreséht 208amd o weter akted
ethyl ene propyles®y ERE %'wéwa 'width DSt RN mlsrsve A regneeRPisndat a

obt ai ned for the glass beaker. These curves _ show the significapt

di fference 4 n fﬁg"r&ﬁ&éﬂﬁQEQKﬂ¥ﬂQ&i?%%bﬁﬁﬁﬁpt@qﬂ¥eﬁﬂﬁﬁﬁ 9488¢| 5.

Beaker 1 reasheﬂ;meabﬂhlthneummﬂ dafn ﬁaéem WB@F)CQWFﬁbéfJeQ‘MNHUt es
for 25 beaker. 3; the tige ratig to reach ilin s 24/ or. & heating

rate 3.7 tines ‘hl%‘éFhf glags.ngBoth §?\%’éefﬁe"§F cPliachd p%fvxe?mgbﬁﬁ ied to
the hot plate lﬁosﬁntﬁﬁxped'altmiﬁe heptabadt 30AFeohha War@ll:laﬁ' ted by '
time is a neas %E ﬁ eo ri.cal, epergg ﬁnd 30 h ore heat ener gy
cqensuned, it |s want - Fia pLateZbychoyas, ?ﬂﬁﬁ?ﬁ UTRe
~beakers is m'*¥$|4DDPPpa%tww&ﬂcdﬂedlmﬁ a ‘#0rface thmmmometée.tINE~

t enper at ur VES ere e -wat er ,fi Fﬁxeg_lass beak

reachi ng trkptiﬁ?tmggﬁgkﬁfs Y& PRRAEG* LM hforzame &13HEF5§°than.

the plastic/ Eﬂtempéﬁabeebe&ehdzngéTEfabNuewatecedwwthewheagera r epeat ed
with the same beakers anotered ﬁpe I Eultslobtaew%jgﬂa shomQ al so. |n
Fig. 7, where f%R8s™3%Gnd%a 1, minute.intervals. eakers were . .

heated to the borllng temperature or unt11 a

.temperature time- equillbrzum was establlshed - This
15 .procedure was repeated 3 t;mes with 3 szmllarly
'prepared sets of beakers. The average.of the data
- obtained were plotted-to:obtain temperature-time4’ _
" curves 1 and 3 shown'in°Fig;.7; where cdrve l'represents_-
data for. fluorlnated ethylene propylene, FEP polymer) |
20 beaker and curve 3 represents ‘data obta;ned for the
. glassabeaker. These_curves_show the_s1gn1f1cant
' difference in heatingﬁrates of the plastic/graphite
vs. glass vessels. Beaker 1 reached the boiling
point in 6.5 minutes compared to 26 m1nutes for _
25 .beaker 3; the time rat:o to reach b0111ng was 24/6 5
" or a heatlng rate 3.7 tlmes hlgher for 1 than 3,
Slnce the electr1cal power supp11ed to the hot plate
is converted into heat, and since the power mult;plled

v by t1me is a measure of the electr1ca1 energy, and
30 therefore heat energy consumed, it is ev;dent that the
. a heat energy consumed in heat1ng the beakers is dzrectly
proportlonal to tlme. /Thls is shown in the time- .

temperature curves Fig. 7, where the water filled
~ glass beaker 3, on reachlng the boxling p01nt con~
35 sumed 3. 7 times more heat energy than the plastlc/
| graphlte beaker 1. o ' T



. 25 An assenb plastl c/ graphite vesse

) Wl 2
-l enperature curves for the plastlc/graphlte and 5 glass beakers
nespgctively. It can be seen that the water .in the pOIyproperné?graphlte
er 2, reached the boiling point in 7 minutes, and the water in.the
gl'ass beaker did not rkhe habaveppiriocepfyrs: maevega&nt zepsatadiith. .
Actually t hen ak a tenperature
of' only [e?r}gak?'?neelr %f]%ii.ﬁ uﬂbﬁ%ﬁ]&? efhée@ﬁgﬁﬂ&gteﬁ@cggnno be boil ed
at an .anbi eBrer sbmrqhet&nefégo[ = % ]Whﬁl‘%i mxvgﬁaﬁeﬂ'@hﬂérﬂmre of 375 -

[err] in thignbLRe, e%wv@fs vme'%wﬁﬂasemg% £+ 15 'f;
we select a-conpar - OI‘]O tine to attain a te er at ur OI’ t he t-WO
vessel s 3 i tgéaESbéegé@reharesnect@mebf-at |btteanehehsm Fth t hat-

beaker 4'.negfgdwated e@hasﬂ?riggﬂagymﬁ% gfapﬁgksr beakel!! @hmeans that

‘6.2 times nore energ“‘mas req e water 1 n the glass
_beaker to [Bepphednhihe thoblingi epérnatpme’lbwwetessoanﬁ’etdme t enper at ur e

‘bot h vesselﬁaésrnwweﬁfslss%emeer did P&évnﬂw"pweew gl te Vessel

, Was na tested as P L
foll ows. APebREeLVERN ep%wr { minsditsne Artuallyf tbsowate;apmu ty was - -

placedlign aghgt Qsae@d Héﬁcé’Ptre%%@“d‘%%umﬂ?émla%ta@@r%‘%@f the -

resul ting cylinde s fitted.wi.th a 30 graphi te di sc.machined from '"i

~ porous grapBnl¥. ?Qétﬁ %f%ﬁ#kldéK?|DPQﬁSﬂ.7@h§$c§hoﬂ$héhﬂ%uﬂakero 2.5 in.
thick and ogagngtalRt %ipeeoaioaw ta@nﬂmﬁ fiooﬂft&lia@e%@fﬁre in this cage

2.67 in. The vegsel wall was-0.05 hi ck and 0. ¢y Al though - .
~the 35  gr@fhiPefnitea ﬂohaﬂlatﬁoﬁ&éﬂkﬁﬁaﬁuﬁboﬁf 33500l 40krkcebm, it was. .
. noE i nfi :trabsd LypRc@n®sapacigWet i1y ludhd BBhmRRRIRA ablysahsorb
gma er. %” esft wewgelect a- compar;son of time to attain a temperature :
of 200°F for the two vessels, it can be seen that the '
wtlme ratlo to reach 200°F is 6. 2 that is beaker 4

. heeded 36 m;nutes vs. 5.8 m1nutes for beaker 2.. Thls -

-

. . means. that 6. 2 tlmes more energy ‘was requ1red to”

20 .. heat the water in ‘the glass beaker to 200°F, than the B
:plastlc/graphite beaker, to the same temperature ' o
both vessels be;ng uncovered. "-""* ' R . ffb}b_-

) Example 2 - Polymethylpentene/graphxte |
S : - Vessel S
25 . :_ ' An assembled plastlc/graphite vessel was
-_made and tested as follows. A commercial’ poly-l?'
methylpentene beaker of 250 ml capaeity was placed
in a lathe and the bottom machlned out. The bottom
- end of the resulting cyl;nder was fitted with a-

30 graphite disc machxned from porous graph1te rod of
‘& bulk densxty of 1.76 g/ec.- The dlsc vwas 0.25 in. -
thick and of & dismetes to conform to the i. d.'of - - .

_ " the beaker, in th;s case 2, 67 in. The vessel wall - - o
- wes 0.05 in. thick and 2.77 in. o.d. -Although the "
| 35  graphite material.had a_poroeity of about 10 vol.
percent, it was not-iﬁfiitreted; since testing showed
that it did not sppreciably absorb wafer unless it was
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pressurj.zed. - This was denonstrated by heating the disc to 400 F on a hot —
plate for 15 minutes antd weighing it aftggcooling. No wei ght change was. d}?
shown £ rom a previ ous roomtenperature weighing. 5 The disc was t hen _ /
i mrersed in hot soapy water for 15 minutes, rinsed, and towel dried.” Upon
wei ghing again, no weight change was shomn_to the nearest 0.10 gram. One

si-de of the graghi th | [ye . : i glehaal t si de of
t he 10 vessel, %‘diffgd ﬂ%\éggm%alﬁfé'ﬁ%ferégg\?l gg %tiq%s%at ed

with 2 nl tMiﬁcfﬁ¢rﬂﬂﬂ 5obychlbm&nnlaﬁ¢uﬁnbelﬁyménutbﬁlﬂﬂihng Thi s
was acconpli sh 2gha es of, out 1000 -
psig. and a teerr%g'rdz;btﬁpgefp Hgggt% k:gr%rq] 5 i'%%g‘}'ﬁggn ﬁﬁ;érn‘ﬁe w?%e strongly .
bonded to the &hann tErowha posvious gtpwvastemqarahnaepw@ssédnmto the

bottom end ok iR Pidd ésf%Eh”?;/n VU fif- hogt sBQEy 0&% tgpforma

plastic wal | éd vessel. substant al wn-in The graphite disc
was firmy - sec@ﬁaﬂlﬂptﬁéﬂsrzosedﬁ &ﬂﬁuﬁﬂ”ﬁlsﬂééP si njpon medahimgi ed by

shri nk flttlnga%q §gﬂ?cgh@ é(hég]éhdwnOEDZtE@3ﬂé§P3ngCh was
0.007 in. less an 1 he o.d astic cylinder (2.770 in. at room

temperature). OFiG aFamer cAne pide gfethmmprphitei gdscor $NaL 007 in.) 25

represents thegxpansidfvel abhenBaittiet il BPEESUES dep olfo tafout  [err],
wel | -within_ the tenperature the band_.and the Iastlc woul d reach, even at

hot plate tdRpdefiftls @F wbatt Bayealso q?n%a%%? pthee sezvicr aidee s -

vel | in excessyefs @at&dONTERIAI2USAY ¥Ric FOPAALY Bol9chlorotri- :
polynethylpentene vessel s [errgy Thi,s,.assunes, {hat the vessel, contain an
n

aqueous or si mfitaexgekhylene GPLQHWﬂmxjIQP§v§ﬁ§r§F€°ﬂB s. The
_netai band Wasiﬂftlﬁhcﬂbﬁﬂcamdleﬁ%ﬂﬂy¥EQ§t&taa pressure of about’ -

~ - 1000 psig and a- temperature of about -500-550°F .
”iSfcausing the film to be’ strongly bonded to the graphlte.
‘The coated disc was then ‘hand pressed into the bottom.
: end'nf the cylinder:forming a snug fit' but. not -
- forced to form a. plastic walled vessel .substantially as
~ shown 1n Fig. 1. The graph1te dlsc was firmly secured- by means
20 of 'a carbon- steel rlng or band appl:ed by shrink - '
fittlng.- The band was machlned to ‘an i.d. of 2.763 in., .
which was 0.007 ln. less than the o.d. of the plastic
cylinder (2.770 in.. at room temperature).' This
7d1fference in.'inner and outer d1ameters (0 007 in.)
25 represents the expanslon of the band to a temperature
" up to about 422 F . well within the temperature the -
- band and the plastic would reach even st hot plate

temperatures of 500 to 550 F. This hot plate tem-
- perature is well in excess of our recommended. use tem-

" 30 perature for polymethvlpentene ‘vessels (450-475°F). Th;s
LA .~ . assumes that the vessel conte1n an aqueous or similar

fluid and is not allowed_tq_evapurate.tpfdryness.
The metal band was 3/B in. wide and was made with a
‘small shoulder or ledge (element 3 of Fig. 1) to

35 proteet the plastic, and most of the graphite discs
periphery. The ring was applied as described in

Fusmela-) evecent that the temperature to which the

.t = o




Y1 shoul der or |edge (el ement 3 of FL&& 1) to 35 protect the plastic,
x: nost ‘of the graphite -discs periphery.™ The ring was. applled as
' eécrlbed in[err] - ring was heated was in excess of [err].  Three .
polynethyl pentene/graphlte and three neM/gIass beakers were eval uated' in

accordance {iﬁﬂ hgg w ) ? alHrgx@§§%] f? procedure 5 descrlbed

.in.exanple € resu ined are s e tenperature-time
curves in Fig. 8, - | nTFhlg:e amllymetbydeppmbeheldahphfm‘!e m-hymet hyl -

t ene/ | aker ~
pentenel 0 SERELE oW UYE foidd sENere WA ioted fopodultlhfle el
was [err]. wﬁthm&herhme+kpmn¢yatuwplmga&insﬁtgshphprodgdnoe reached
boi 11 ng 541 degkaybey &W&%%& 12 TTHY Sedelednapindned el The

ratio o |cates t hat times as eat energy was .15 reqU|réd
to heat theshaverbwnhhﬁakﬁmosratgsehtzmqccqxw¢sngn BdgeoBarkhto the

pol ymet hyl mpgeng/ Q;ﬁ.mg 3 égenlé)éae’% 3o E'?%%g{;,ggﬁkq _ne. coat ed

inpervious graphite vessel assenbl astl arbate vessel 20 * .
was nade arie® §D§cf9&‘§ﬁ*b1lﬂ%wsa"ﬂ EYRVE anemm§e"b$oﬁylt@nef%aker of 250

m capaci tygluas.pl eatth inbakbA! heogr%ﬁm "P80.0d) TBENWAREQUL. | The bot t o

end of _the plastlc beaker was-fitte
(' Kar ba0e' ,@RdunpEn coxeRamks cofhe bot prlcﬂimti)emw%a‘aﬁaenu@ﬁ ned from a

rect angul ar4Ps2s@poF thmerr&wfeﬁl .m II&@ HoXy WEehP1gEnkend) Ck and of a -
di aneter to conforn1to the i.d. of the polypropylene beaker, in this- case
2.85 in. (28FPR é%gmgq§k5r reached hoxlzng in"7 minutes compared .
. to 22 minutes for the glass bedker. The: ratia of 3.1
indicates that 3 l times as much heat energy was -
ls requ1red to heat the water in the ‘glass vessel 2, to
.\boillng, as compared to the polymethylpentene/graphlte
ibeaker.,__ _ - . ' _
lExample 3 - Polypropylene coated imperv1ous graphite vessel
An assembled plastie/coated Karbate’vessel
20 was made and tested as ‘follows: A commerc1a1 ‘poly-
--propylene beaker of ZSD ml cepacity, was placed in
@ lathe and the bottom machined out. " The bottom end
- of the plastic beeker was fitted with an impervious
graphite disc ('Karbate'; 8 Unzon Carbide Corp.
25 -product), cut and machlned from a rectangular piece
of: the material. The dzsc was 0. 25 in. th;ck and of
a. diameter to conform to the 1.d. of the polypropylene
beaker, in th;s cese 2. 85 in. (as in example 1).
" The plastic wall was o. 06 in. thick and 2.970 in.
30  o.d,. A polypropylene (PP) film 0.005 in. was molded
 to the service side of.the disc as_described in
example 2, except that'the oolding'temperature'WEs . 3
* sbout 400 F. The coeted dzsc was secured to the |
vessel with a shr:.nk f1t aluminum band about 1/16
35 4in. thick andZBIB,in, wide, uith 8 narrow ehoulder
on the bottom side substantiaslly as described in

_wé.'

I mper vi ous graphlte disc . =



-

~Theé plastic. wall Was 0.06 in. thick and 2.970 in. 30 o.d. A
-polypfdpylene (PP), filmO0.005 in. was nol gadf-to the service side of the
di sc as described in exanple 2, except that the nol-ding tenperature was -
about [err]. The coated disc was secured to. the vessel with a shrink fit. -
al um num band about 1/16 35 in. thick and 3/8 in. wide, with a narrow

shoul der on the bot stantla crlb d [ e | es |
and Z.and shoffeMR ﬁsg 'la" S‘?hc@ f’hg Ss\Kb?s 4}@3 '
coef Noei ent ofrihgrmdsehQnWSmun,oﬁith i>cdeﬁﬁj¢ient|of/pbethakﬂIomance

had to be made for e highe panspe6 in the -
t enperature raﬁé@ éﬁ i?r% mé? ag&qeﬁqu(ac ?%éﬁgéﬂﬁ%r1the met hod
described in ehadplte Le ﬂ&ﬁenﬁueltbeahamhﬁx;exnnﬂwéont ipphlcatlons as a

vessel int a enper a o in 10
exanpl e 1. #hr@éﬁg&?h g’(}?eggﬁﬁgiﬁﬁ ' oé%)ﬁ%(%g gl‘agi%eakers wer e
ewal uated in atdogdamee a/pplueﬂeipraceMrﬂanmduthetheptnekhbd and 2, and
“the results ar rei ur | 1
fpolypropylenelgﬁiagggé éf%f?gplghg cu?&% (%é- ée;?égsaafhe beakers .
cq@nt ai ned 200 nhpabhﬁﬂaﬁ epnumeae1onsemsda Vﬁﬁsmbtipléhs Bs@meer at ure was:
[err]. The wat e ed. ¢ Pg | m nutes -
as conpar ed tof%gb%ﬂ%ﬁ e¥¥§%§at%% gﬁg g #ﬁ?féﬁi%%@ge g%gr?gggeach a
t enper at urk0of exe@ple B4 h conti nued heatlng, the water in the glass
beakers reached an equili efakbyr er gahdours of
heating as wll be descr1.I"EHia}éjénnllslt‘?gR %1 p‘i’? ]I]grgeﬁgﬁFgﬁtéereradtqure was

not exceeded three glass beakers were evaluated in accordance with

the procedure used in examples 1l and 2, and the
results are -shown in Fig._9, wherein curve'l is for
. 15 polypropylene/PP. coated graph;te, and curve 2 1s
for glass. The beakers contained 200 ml of water and
.'were covered.. The hot ‘plate temperature was’ 240- .260°F,
" The water in novel beakers reached the boiling poxnt
in 20 mlnutes as compared to 38 minutes for water
iﬂ in the glass ‘beakers to reach a temperature of 160° F.-
' Wlth continued heating, the water in the glass beakers
reached an equilibrium temperature of 178-180°F
after 2 hours of heating sas will be described in the
next example 4. This temperature was not exceeded
25 after 2 weeks (336 hours) of continuous heating at

'240-260°F . Fxg. 9 shows that the water in the poly-’
proPylene/PP-coated_graph;te_beaker (1) Reached

‘the temperature.of.160°ﬂ_in 7;8-min.fas.eompared
‘ to 38 minutes for uater-in'the glass beaker(2), or a
30 ratio of 38/7.8 = 4.9. Thus heating water in the glass
‘. | _ - beaker required 4.9 times as much energy as that re-
quired in the plastlc/graph1te beaker (1). The .
"relatlvely low hot plate temperature of 250°F us:d to
boil water in the plastlc/PP coated graph1te beaker .
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2 M
. tenperature of 160 Rin 7.8 min. as conpared-to 38 nminutes for water in
t he gl ass beaker(2), or a 30 ratio of 38/7.8 = 4.9. Thus heating water

in the glass beaker required 4.9 tinmes -as nuch ‘energy as that re- quired:in

the plasti C/%ﬁﬂggﬁt@v\?e&iéﬂrﬁﬁﬂs B! Bn14e!360( 22PCP! BetuuRIPARL TS |

of [err] used |- astic coat ed i:]raphlte eaker

represents et ipipifcansdt %W?H%Pgb&’\k@é’n t e thar

saving for rﬁbappl ications. .Exanple - 1Tux heating of water -in
Pol ypr opyl ert® |
made as dgscri. bedgkamgaw e.aw\elexfhbhedn ga@k@fs;a.o and covers and -

connected to refluxing condens ‘?%f 3 j{} 200 )f water-'in two of the_
" pol ypr opyt-enel/ PP coat ed gr aphi{@lyeEREYdene(FP~roa in two glass '

_beakers all the beakers were meapﬁsjteoueashqt pI ate at [err] After 18 to -

20 m nut es of heatl ng, t he wat er was b (I’Sl% n]at he govel k_-e.rs. The o
Yl e of [err], |

(see Fig. 9)asHdelsicigbed fanekanple. fi)rwe?&'eiveekisté63ﬁ1lhhurg$)smté1 the wat er s_

. in S

water in the glass beal&i®& GReq h#RAE; A {bea

10 - and covers ‘and connected to refluxing condensers.

"4

after 2 weeks (336 hours) of- continu heat'i- ng at [err]. Fig. 9 shows
at/ the water in the poly- propyl ene/ PP* ated graphite beaker (1) Reached

stescoperatingi | ; & i
wat ef - Hot * m@t?ﬁlgpeéﬁp'éﬂhﬁfré hhﬁulﬂ”B&r Wii Wﬁr@? 8holing gy =

eBR é&%‘e&ﬂﬁte Vessel The open ends ‘of .the novel beakers

g



" the gl ass beakers reaching a maxi mum t enper gture of 10 1.78-180 F.  Thi
eqU|r“br|un1tenperature was reached in abof?2 hours and renai ned so_du
the{entlre period. The tenperature of-the al um nim bands on the novel
beakers stabilized at [err]. Exam nation of the novel polypropylene/PP- 15
coated graphite beakers after testing showed themto be in excellent

condi tion. Midipl20G-nl efr wetercdie e sef pbheorpdypaopydianedRBsel A

bor g8} 1 i cat %&AZ@&? ;ﬁaﬁgmdb@r aR¥e © &QdVﬁﬁéehaﬁBb&haftM@|dﬂaéé ke that

“shoWwg~in Flg rawi ng was prepared and tested as fol]ows. A
bor osi | i cat ®egkarspecakdr the bsakars yrxeheake c&F‘eFuI"!‘V- fn%&tﬁed and

mounted on g, rf‘s&“ir f\fft%eq'a @&wemﬁndtbaeotmwm off. The cut

25 surface'was t en- Care round to ‘a snooth finish an fltted wth a
gr aphi t e-5 dithe gtatex cwagi bﬁlﬂ-llé'ﬂ e theppevel begkedise Jhen. c arbide

Product) . Wjap@s SRUBhY Plhs\ﬁ' b UK a B! EREHT Cimdl Wad ftﬁapﬁsket (' 24,
W g. 2) conpensating for The di ngnsi onal ép varb§t|0ﬁ&# n the | d.- of the
gl.ass. The &grfeﬁﬂﬂﬁ’éat'é?ebﬂfklégnfut ge&g 38ec? nad

coef fi ci ent ddiftSiBu@srbbezokaeks U3B& hourk)i pithn t/i{eervidﬁei'hfngf aphite
22, Fig. 2) was secured to the glass cyllnde with a stalnless §teel type

420 band 35 e @lase ¥9§E°H§36PQﬁﬂ}ﬂ91 ﬂﬁ?@“T tepparabyy graphite,

ext er naly gagkel- Yo el We?l‘hst Baual 13 20 - teﬁpakatu&@ mmnddf or the
di mensi onal -vari.ations of | ass-cylin &er 0. hq! Qg‘mas fitted as

- described i ekt 4, EPF&WP &'ﬁﬁm S?BndPﬁlgg tivee graphite
disc 22 withherivdk. dﬁﬁﬁltﬁmperature of the alumlnum bands on the

novel beakers ‘stabilized at 230-236 F.

Examlnatzon of the novel polypropylene/PP-
15 bdated'graphlte beakers. after testing showed them
to be 1n excellent condition. o |
' Example 5. .- Borosxl1cate glass/PP-coated
- Graphlte Vessel .
B ‘A borosilicate glass/PP-coated graphlte
20 vessel substantially 11ke that - shown in Fig. 2 of
 the drawing was prepared and.tested;as follows-
A'borosiliéate“glass beaker of 250 ml. éapacity was
carefully fixtured and mounted on a diamond cut-
"off wheel machine and the bottom cut .off. The cut
25 surface was then carefully ground to a smqoth_finish
"and fitted with a graphite disc gasketed with flexible
grabhiﬁe ('Grafoil’ Union: Cerbide Product). It wes
snugly fit with. finger pressure, with the. gasket

~ (24, Fig. 2) compensating for the dimensional
30 variations in the i.d. of the glass. The graphzte, _
v of bulk density 1.76 g/cc, had an expansion coefficient

the same as the glass (1(8x107% in./in./°F.) The
graphite (22, Fig. 2) wés secured to the glass
cylxnder with & sta1n1ess steel type 420 band

35 23 of the type described in Example 1. A flexxble




R

f(o\e\,(zes t

ick film of polypropylene 2.26 by nou

he- "sane type used in exanple ?% was coated with a 0. 005 in.
7 as .described in exanple 2,

andfs -Three gl ass/ PP-coated graphite beakers and t hree aII-gIass 10
beakers were filled mnth 150 ml water, covered and evaluated as in the
previous exanples. In,: this exanple, the hot plate-tenperature was [err].
The curves i @¥aphiteg, esh@mﬂﬂﬂuﬂaﬁkE¢9223bﬁﬁﬂa@ﬁﬂﬁhrgplﬂmStenUeakers

curve -1, r

beakeis, curve

mnutes, -
aind stabll

heating tines 2Q; to reach

a_maxi mum tenperatures of [err
THRE Ef!%ts§195§k§0!§1dﬁ?mcﬂ deackhensing Wagy E)bt GdaﬁSer an hoM

! Z‘%ﬂa@érfﬁ'@ﬂ“ih' Ewe‘ﬁgﬁﬂéar‘f’eréi%?itlé e ]exé: g the

cagiiethl N1 Rg! o eilidted e ar LBheuien £ Wr@iﬁef&%@a@ﬂ ass ;-,5

era ure .o otalnsaratlo of.

34 ninutés (AMLSF beakbespramutez diset 82 (‘M}\helﬁ thaeMerdgnaitypa) 4. 2= 8. 1.
Thus it requiged 076! Bnk! Tawme téyjaér\%% ?:%Tmptl*ke Patedgl Eokli‘.%

'aII-gIass
25

beaker's to"190 F as it he g ass coat'ed graphite beakers.

“with a 0.005gimmpthirl Fblppedppodysusandener26tby with an

im perV|dusdnggﬁée gsKa@g@5;935h§ﬁFe§gﬁ?§gdzmtghgijypeTgyggstalnless'

steel ring of expansion 0.0074

. was prepared and eval uated

i n accor danc@lss{f P repptes e\ﬂl‘cﬁ@b‘kﬁnﬁFE!’rersTl?é‘dr dhnee all-glems in

Fig. 11,

can

beaker . reqU|ﬁé;QP4t$¢nE§BNﬁEQQu9{ﬁNR#°§he 5Fa§ﬂ&ﬁ exanpleaphhee beaker
to heat vatemdi $1tbotbhperatuXe wasX90UBI0PF) P HITREGKLBEN ene

( pentene

15

20

30

35

) %ea er,
n Fig. 10, shows that the: glass/PP-coated graphzte

beakers, curve I, reached the borllng point. in 5 -

minutes compared to the glass beakers, curve Z, wh;ch

reached a maximum temperature of 190 F after 40
“minutesy: The ‘glass beskers did. not . -reach the boiling

point "after an hour and stabzllzed at an, equilibrium
_temperature of 204-206 Fo Comparrng the heatlng times t

to reach a temperature of 190° F, one obtains & rat;o L

of 34 m1nutes (glass beakers) and 4.2 m1nutes (novel ._
: beakers) or 34/4 2=8.1. Thus it requ;red over B times

. the energy to heat the water in the all-glass beakera

to 190 % as it did tthe glass/PP coated graphite beakers.
- ~ Example 6 -
A pqupropylene beaker, fitted thh an. im= f
.pervious graphlte ('Karbate ) disc, secured. wzth a type:
304 stainless steel ring of expansion 0.0074 to
. 350 F (177 C). was prepared and ‘evaluated in accordance
thh the previous examples. The results are shown
in Flg.-ll for the covered beakers heated at 340 F
(171 °c) on a hot plate at a ratzo of 40 m;nutes (2) ..
9 mlnutes(l) = 4.4, §t can be seen that the glass
beaker requires 4.4 times the energy of ‘the plastic/
~graphite beaker to heat water to the boxl;ng point.

d,0" Beenycyedebualacy heptrd)sh JA0WRISL 1 egﬁgfﬁotarﬂngévgqﬁégteo

ratlo of 40 m nutes: (2).9 mnutes

Cag



fIPted with a graphite disc of bul k densi 1.76 g/cc, to which was nol ded
a2 mfl thick PCTFE film and 5 secured th type 420 stainl ess st eel ring,
was prepared and eval uated i n accordance mnth the previ ous exanples. The
results are shown in Fig. 12, for covered beakers heated on a hot plate at
480-500 F. 0 (.240-260 O). It can be seen that the glass beaker 2, 10 '
requifes 18.5 mnutes to'.reach t'he boiling pornt of water, and the

pengﬁge/coated graphite onlylfiﬁmﬁhetls This gives a ratio of 18.5/4.5 =
: enonstrating that at ags s s_over 4 tines
niibEeflen e pbEHe I L RRE R

nor e “ener gy ép reach the |I|n

pl asti ¢/ coat d”gt%réh?"t‘&hb@algaﬂra %ﬁ—‘rpﬂess Ffobud&selensityphi 38 gilicel,y 2500

 capaci 1y, dRsWNEER VS Wh1ddd & 2ORIPERSER PLTE ragascl Lofy tted with
na

a graphitegbottom el enen a con- ventio ass gssel wer e
grap 15

eval.uated Pn SERYReH W, nﬁ%PQ(FQQm§§é%§b¢§slﬁtphd mingfnnesanples by .-
heating on aﬁrﬁpgiaaeaaa gadyng{éanﬁ ggcﬁgg gg g§}4€¥ﬁ; ?Eg Q8¥esse|s-

wer e covered The raphhg di sc, ‘met a
preparation 2 %rﬁ?%&%&ﬁa%r?hﬁhouesénlﬂ&mdriZwaﬁpre 7, except.

for the di anmeMCBew%r%pWMéﬂit&Wa“hbﬂ EIQQ"L?‘EL‘HOSQ‘QQ@ tﬂgt the

I I e wat er. require
goelslsn\éezzem(% %g@ ‘Eﬂie & &2n be h%eqmn’é'éﬁél §hepgilass /dedkersal, (al so

2000 i) 1@quieqedres y18456 ninbited 60 Foach AL bBQlu@‘ 6?6{:0 f 67/14.6
=4.6 again shq savi ngs n case 4 6 of

d the I ficant
t he energy r&ﬁ%%%xi?%ghggF PROY, %fiqaﬁeﬂeggﬁabsteega&y minutes.
This glves a ratio of 18. 5/4 5 = 4.1, demonstrating

that the water zn the glass beaker requ1res over &
_ tlmes more energy to reach the. boiling point, than
15 the water in the plastic/cnated graphzte beaker.
. L Example 8 _ o
Two. vessels of approxxmately 2500 ml capacxty.

. each were tested: (l) a polypentene plastlc vessel

P fitted with a graphzte bottom element and (2) a con-

20 Vent1ona1 glass vessel were evaluated in a similar

manner to the vessels in the previous. examples by.
heat1ng on a hot plate at a temperature of 480-500°F,
(249-260 °C). Both vessels were covered. The graphite
dlsc, and metal band, and the method of prepa-:tion

25 of (1) were the same as that described in example 7,

) except for the diameter which’ was approximately 4 in,

The results showed that the glass vessel with 2000 m)

- of water requ1red.67 minutes.to reach the boiling
point whereas the water in the pentene/graphite ve-

. 30 sel-(also 2000 ml) required only 14.6 minhtes to
reach boiling. The ratio of 67/14.6 =4.6 again’
showed the s1gn1f1cant energy savings. In this case

- 1/4.6 of the energy req01red to heat ‘the water in
the glass vessel.



nple 9 A polypropylene beaker fitted wth an alum num all oy (6061.) dISC -

5 in. thick, to which was nol ded 8®D. 003 in. thick PCTFE film was

epared 5 i n accordance with exanple 7, dealing with 250 m beakers.

) eval uation was al so in accordance mnth previ ous exanpl es. Thus the .

pol'ypropyl ene/ coated al umi-num and gl ass beakers each were filled with 200

m - of water at [err] covered apd. 10 [ﬁéwed on a hot plate at [err}. The

water in the polypropylene bea§éF“ﬁ%91 he- coated al ygi_.num bottom boi | €8

-in 7 1/2 minutes co ‘V% meiu! dsedloerv\ﬁtéﬁelﬂn JMss beaker, éﬁ: '
é&

~aratio of 29/7.5 astﬂc nuqﬁgﬁgkprtuseﬁzahly 15 _
~ about 1. 14thmﬁhauen01§9Y They ass beaker ngle 1Q Part A A

+ 250 -m pol ypropyl £ gﬁbgabebqu1£hiiEﬁIkaDCTFEoiﬁiﬂgﬂ%ﬂﬁ? PBEBFom el ement
- .of the sa ﬂg escri bed: |n exa

isllpdy ¥ K 12800mdl of water at
70 F, govemmdamedmdama?cw q&ﬁgap?a g,ggxg hot plate at a-surface

- tenperature Eh%dﬁidatiﬁmthesbeéﬁa'Mﬂuﬁ?? rdabge i gorous but - *
b Ly bins JiOF 1 Rptioptenbs et ol
“graphi te botf om GCey{Sinie) ﬁﬁaeglaepebeakqngueﬁgha“grgo\Mlﬁfcycles SO
50 TABLEllwlth 200 ml. of . water at 729, (22.2. °c) covered and _
10. Placed on a hot plate at 375-&00°F. The water in
the polypropylene beaker with the coated alum;num
bottom boiled in 7- 1/2Z minutes. compared to 29 minutes
for water in the glass beaker, OT a ratlo of 29/7r5 =

. 3.,9.  Thus the. plastxc-alumrnum beaker used only.
.15 about 1/4 of the energy requxred by the glass

beaker. e

_ Example 10

et lA 250 ml polyprcpylene beaker wzth a FEP-

| 20 'coated praphlte bottom,element of the same type .
described in example 1, was. f;lled with 200 ml c
water at 70 F, covered with & watch glass, and
placed .on.a hot. plate at 8 surface temperature of
600°F. (316 °C). The water in the beaker came to a

25 .v1gorous but smooth boil in 3 minutes.. This 'is. .

shown - 'in Table: 11 which gives hot plate temperatures,.
water temperatures,. and time. Note that no warping

of the graphite bottom DCCUTS, even after_repeated

heating and cooling cycles.



'Hot Plate Tenperature Vs Time to Boil. \Wger in Polypropyl ene/ FEP- Coated

Graphi t'e Beaker 5, " Time Hot Plate Mn. Tenperat ure Wat er
~Tenperature [err] [err] - [err] ~ [err] O L 600 316

70 . 211 580 304 TABLEL - 48 10 2 565 296
170 77 3 550 388, "“*‘2%%‘ _ 100 (V|gorous boi | ) Although
the hot plate tenper aHe- 2hSndenperature Ve Tipel to @ ess of the

. recdﬁﬁbnded [err] 15 [ﬂat~rtampenﬂ!" aleggyy@pgpylene/graphlte or

pol Opyl ene/ al um num b bt oad hot plate -

t enperature range in whi ' “; z e. Part B 20
Tabl € 111 shows hime t i mal;lohot’lpltete tem peratures and water tenperatures

of an all gJassM%()rﬂ bﬁg% |IIed with 00 nt : of mater - covered with a
wat ch gl ass, ced ~hot pl @ rface .

terrperature of 6000F [errH. BBLE 111 t°iPI ate TEUperature Vs Time to
Boil Water in C gss Bea " Hot PI 1Y .
Tenperature WA er Tenpgrature [err?ati [err]z:l Jerr]
cCo - 605 1 319 580 304 70 1181°1 1 48 600 316
84 -~ 3pg 28.9 3 56§93-296313" 170 -100 77 38

3 550 288 .22 100

(v;goruus bo;l) .
Although the hot plate: temperatures shown in- Table
o 11 are well in excess of the recommended 400 F
15 (204°c) temperature for-polypropylene/graphzte or.
polypropylene/alumlnum beakers, it illustrates the

broad hot plate temperature range in wh1ch these
vessels can operate.
Part B - : - :

20 : Table 111 shows the time, hot plate tem-
'peratures and water temperatures of an all glass.
250 ml beaker, filled with 200 ml of water, covered

| with a watch glass, and placed on the same hot plate

8s used at a surface temperature of 600°F (316°).

L3



3 508 315 & 116 a1 4 608

7N 130 545 . 608 319 . 143 62
7. 570 299 - 167 758 . 550 288
178 7815 9 . 540 . 282 187 ~ 86.10

545 286 196 . - 92011 e« 560 . 293 205. '
6 11.75 - 574 301 . etk 1 99.9 (weak hoil) 20 Fromthe

data in Tabl es IHo&n@ldﬂe Temperatemdﬂ%n Txmaltbpﬁeilous exanples, a-
'Iarge ener gy saV|ngs IS gyl Ry A '[lres about four .tines |ongers
to boil water in a glass -pes S+ # pl asti-c/ coated graphlte\~f

vessel . The rat Tdme plastchobanthS graphlte 3 min/glass 11.75.mn. =

0255, i i cat’esy only L E E y i's requi o. I |n t he

pol yprop ene/coarftfggz-graphléfél Q aq:'W"?'Je'grrpar ed to €e£ TQ%

‘Bunpi ng was quite in evidence_in t h8€gl ass beaker,’fas_conpar &€ to the 30

very - -snooth boil our ener savi eaker _ .: CLAI VE: o
energy-efficient P ating vesg% hav?ﬁgbthernally i nSulative gﬁd@@alls of a 7

“pl'astics material dand. a t her 6801 y- c3dduct i ve bot t - mhere|n28m9vessel_5;-~
bottom includes: @n inner |aygg of Bhastics materjgy, Providigg” mni mal '
resistance to heat transfer t erethrou h, the thi'nness of thé& Tayer. being
Limtedi&ly by tﬁe 10 - * 598 reqﬁﬂﬁenent t hat }¥6pe I|qU|dﬂlnperV|ous

and &  _50&» 319 - 130 54
" s s oms s e
7 570 . 299 - 167 - 75
| 8 . .-550. 288 . . . .I78 . 78
15 "9 . s4s 282 . X8 = B6
16 . 5a5 " 286 196 92
1 se 293 25 6

11.75 574 301 . 211 - 99.9
- ; : " (weak boil) _
”  20 From the data in Tables 11 and I1I, it is seen. that,
E as ‘in previousrexamplea, a large energy saylngs is
evident, since it requires asbout foﬂr'times-ldnger'to~
boil water in a glass beaker compared to our plastic/
coated graphzte vessel. The ratio, plastic/coated
25 draphite 3 mzn/glass 11.75 min. = 0.255, indicates
that only 1/4 the energy is required to boil water
in the polypropylene/coated graphite beaker,
‘compared to the all-class beaker, Bumpina was quitﬁl
~ in evidence in the glass Beaket, as compared to the
30 very smoothfb611 of:our-energy saving beaker.

« e 7



an .outer layer of thermally-conductive graphitic material in thernal >
contact with and supperting the inner layer, for thermal contact with a 15 -
heatlng surface, whereby the vessel, in use, serves to transnit heat from
" such heating surface through the bottoﬁﬁlo the contents of the vessel and
to retard the transfer of heat fromthe contents through the sidewalls. 20
2. A vessel according to claiml, in-which the inner layer is of the sane
mat et al as the sidewalls and is continuous therewith. 3. A vessel
aco@gdlng t@nﬂﬁngm]_or 2, in mhich'the inhér | ayer conprises a

thernopl astic materia vesse accordin $o ang precedi ng
claim in which the %nn I%ﬂ&ﬁgX eﬁﬁﬁﬁ&ﬁp? 5 l?%n%?sﬁﬁg avang A vessel
accordi ng t¢h§nmaﬁkyx1hsmﬂaﬂfuénsﬂﬂﬁwaﬂrsthﬁ anphastaysrmhaeraanhickness
of -0.025 to 0 5 S cording to
any’ preced| ng d(2:I aq#]l :\(ﬂ]'naiE rgugg g%otw h"é%egef'ﬂl Eﬁ%ei’%sssiat | east 3
mm (1/8")%. 'botbhmeﬂnnknd@%ylng beaker conprising a vessel accordlng to any
preceding claim 35 _,, i ef‘%fn%igét§@¥'xﬁ9téfﬁék conprising a vessel
3 1 accordlng to any o c alﬁé An ener gy- $avi ng wat er - heat i ng
gank conprising a-ve¥iGERDrEAmEI2d HAFLOFARFRI R ReRE 6. 10. An

ener gy- saving still @fﬁﬁgfét Nehér ¥€856hgH, E6E0tHiABes8 any of claims 1 to

6. 11. Ener savin e conpri sing,one. or e vessel s accordin to
any Of_C|alg¥ 1to glf (hvwiayer eing E&mlteg ogEy by t ﬁ g

10 . requirement that it be liquid-impervious,

and
an outer layer of ﬁhéfmally—conductive gfaphitic
. material in thermal contact wiﬁh and supporting
the inner layer, for thermal contact with a
15 heating surface, |
whereby the vessel, in use, serves'to transmit
heat from such heating’ surface through the bottom to the
contents of the vessel and’ to retard.the transfer of
heat from the contents through the s;dewalls.
20 2. A vessel according to claim 1, in which the
inﬁer layer is of the same material as the sidewalls and
is ccntinuous therewith. : , ,
3. A vessel accprding ﬁo.claim 1 or 2, in which
the inner layer comprises a thermoplastic material.
25 : 4. A vessel accdrding-to_any preceding claim,
in which the outer layer is_honded to the ihner layei.
5. A vessel accordihg'to any preceding claim,
. wherein the inner layer has a thickness of 0.025 to 0.25
mm (1 to 10 mils). | | B

o 30 6. A vessel accordlng to any preceding claim,
¥ ' wherein the outer layer has a thickness of at least 3 mm
(1/8"). '
7. An energy-saving beaker comprising a vessel

~according to any preceding claim.

35 8. An energy—saving flask comprising a vessel

) O D



]

'Anfenergy¥saving heati n | e
_ ( ng vessel
:grlbed with reference to the 10 acconpanying dfamﬁngé

15.20 25 30 35

according to claim-1, substantially as

53
'.accordlng to any ‘of claims 1 to 6. o N
| o

9. An energy—saving water—heatlng tank o LR

. comprising a vessel according to any of claims 1 to 6.

10. An energy—saving still comorlslng a vessel

'accordlng to any of claims 1 to 6.

11l. Energy—saving cookware comprlslng one or more

:.vessels according: to any . of clalms 1. to 6.

v _:l0

- 15

20

- 25

30

35

12. An- energy-saVLng heatlng vessel accordlng to.
claim 1, substantlally as descrlbed w1th reference to the
accompanying drawings. .

SO )

K o4

= -‘4> . ,

. _“; ’,:_a_',_.

- L
A




