METHODS AND APPARATUS FOR M XI NG CHEM CAL COVPONENTS FOR THE MANUFACTURE OF
POLYURETHANE TECHNI CAL FI ELD [ 0001] Enbodi nents of the invention relate to
an apparatus and nmethods for m xing chem cal conponents, in particularly a
pol yol and bl owi ng agents, for the fabrication of polyurethane foam
BACKGROUND [ 0002] Pol yur et hane foans are widely used in thermal insulation
applications, such as refrigerators, insulation for outdoor panels, and
various parts of autonobiles. The nmanufacture of pol yurethane foam
typically involves the m xing of chem cal conponents, such as a polyol and
an i socyaMEEBIONS ANDARMRATSS BORGVIGMING GIJEMICAdCOIMEBONEBNIS ves.

[ 0003] One conmon manufacturing nmethod is to blend the blowing agent with a
pol yol conpound fi FOR FEFHMANUM HYREKRF ROLYWRETHANCt with an

i socyanate to create pol yurethane foam Chl orofluorocarbons (CFCs), for
exanpl e Freon 11 and Freon 12, were extensively used by the industry in the
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fabrication of polyurethane foam.

BACKGROUND

[0002] Polyurethane foams are widely used in thermal insulation applications,
such as refrigerators, insulation for outdoor panels, and various parts of automobiles.
The manufacture of polyurethane foam typically involves the mixing of chemical
components, such as a polyol and an isocyanate, with the addition of blowing agent and
other additives.

[0003] One common manufacturing method is to blend the blowing agent with a
polyol compound first before allowing the mixture to react with an isocyanate to create
polyurethane foam. Chlorofluorocarbons (CFCs), for example Freon 11 and Freon 12,
were extensively used by the industry in the past decade as the primary blowing agent.
They are éonsidered as the 1% generation blowing agents and have been phased out
under the UN Montreal Protocol due to their high Ozone Depletion Potential (ODP)
value. Hydrochlorofluorocarbons (HCFCs), such as HCFC 141b, which are considered
as the 2 generation blowing agents are also scheduled to be phased out under the
Montreal Protocol as its ODP value is not zero.

[0004] The 3 generation of blowing agents to replace CFCs and HCFCs include
compounds such as Hydrofluorocarbons (HFCs) (e.g. HFC-245fa, 365mfc, 134a),
Hydrocarbons (e.g. cyclopentane), and Hydrofluoroolefins (HFO) (e.g. HFO-1234ZE).
These blowing agents are mainly used in the manufacture of rigid polyurethane foam
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[ 0004] The 3rci generation of blow ng agents to replace CFCs and HCFCs

i ncl ude conpounds such as Hydrofl uorocarbons (HFCs) (e.g. HFC 245fa,
365nfc, 134a), Hydrocarbons (e.g. cyclopentane), and Hydrofl uorool efins
(HFO (e.g. HFO-1234ZE). These bl owi ng agents are mainly used in the

manuf acture of rigid polyurethane foam for insulation applications. The
HFCs conpounds are currently accepted by the industry as alternatives to
CFCs and HCFCs but they are not direct replacenents and the chem cal
formul ati ons and m xi ng systens have to be adapted in order to achieve the
requi r &d ipollytivrespydivetiboa e IdpEs tompouSiMIRRVI{ed0g Sicepsed by tee t o one
enbodi nent of the invention, a m xing apparatus for the manufacture of

pol yur etdvaire ab elerebinpy foseECaand KiGTG sdnuiber arsant diredt isplacamenty B nozzl es
to inject a polyol and bl ow ng agents into the gﬂgﬁ%fr. The nozzles are

| ocat ethehegiieal santlaie@rs anshaiag §ysteas §AYS tope a¢rpt %}ﬂﬁﬂ%ﬁﬁﬁéﬁ?Yeand t he
different blo 'ngﬁg eﬂts are iqﬁgc}ed into m xing chanber according to

t heir Pﬁﬂﬁﬁ&%B HEeth e BRI WG A Fent s are sel ected cheni cal conmpounds
having a Ozone Depletion Potential (ODP) with |ow or zero value and/or a
G obal Warm ng Potential (GAP) of |ess than 1500. [0006] According to

anot hegygppgkyent of the invention, the mXing apparatus conprises a
static mxer for additional mxing of the m xture conposition discharged

from tjueost xi ng AharNAE to She embbligentv xhagveytibhe sibdhg appaveers fomphoves
t he honogeneity of the m xture conposition to provide a higher quality
pr oducinanBfRlckfre DESERUPIthEN: fofanT HimPRAMYINGSing chamber having a plurality of
nozzles to inject a polyol and blowing agents into the chamber. The nozzles are located
at different sections (e.g. height) of the mixing chamber, and the different blowing
agents are injected into mixing chamber according to their boiling points. The blowing
agents are selected chemical compounds having a Ozone Depletion Potential (ODP)
with low or zero value and/or a Global Warming Potential (GWP) of less than 1500.
[0006] According to another embodiment of the invention, the mixing apparatus
comprises a static mixer for additional mixing of the mixture composition discharged

from the mixing chamber. The further mixing by the static mixer improves the

homogeneity of the mixture composition to provide a higher quality product.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Embodiments of the invention will be readily understood by the following
detailed description in conjunction with the accompanying drawings.

[0008] Figure 1 illustrates a block diagram of a mixing apparatus for the
manufacture of polyurethane foam in accordance with one embodiment of the
invention.

[0009] Figure 2 illustrates a side view of the mixing chamber in accordance with

one embodiment of the invention.



[ 0007] Enbodi nents of the invention will be readily understood by the
foll owi ng detailed description in conjunction with the acconpanying

drawi ngs. [0008]Figure 1 illustrates a bl ock diagramof a m xi ng appar at us
for the manufacture of pol yurethane foamin accordance with one enbodi nent
of the invention. [0009]Figure 2 illustrates a side view of the m xing
chanber in accordance with one enbodi nent of the invention. [0010]Fi gure 3
illustrates an alternative side view of the m xing chanber of Figure 2.

[0011]Figure 4 illustrates a cross-sectional view of the m xing chanber
t aken [0010] Figure 3 illustrates an alternative side view of the mixing chamber of

Figure 2.

[0011] Figure 4 illustrates a cross-sectional view of the mixing chamber taken

along the line A-A of Figure 2.

[0012] Figure 5 illustrates a cross-sectional view of the mixing chamber taken

along the line B-B of Figure 3.



along the line A-A of Figure 2. [0012]Figure 5 illustrates a
cross-sectional view of the m xing chanber taken along the |ine B-B of
Figure 3. DETAILED DESCRI PTION [0013]In the foll ow ng description,

nunmer ous specific details are set forth in order to provide a thorough
under standing of various illustrative enbodi ments of the invention. It wll
be understood, however, to one skilled in the art, that enbodi nents of the
invention may be practiced without some or all of these specific details.
In other instances, well known pol yurethane processi ng net hods and devi ces
have nOETdELRIPFOSGRIEIION detail in order not to necessarily obscure
pertinent aspects of enbodi nents being describe,.@%00é4]ln gn ﬁnbodinent of
the i nl®48] on, anhfollyveipp sheatidip PUPGEOUSRSGHS et 968 SPSPSHIrRt hane f oam
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conpounds sel ecte romthe group consisting of hydrocarbon-containing

conpoungan By Waf kital© HBIRORNE AN Al cBidig £#RINAINEIS @vices have not been
hydr of | uor ool ef i n- cont ai ni ng conpounds.” Furthernore, the bl ow ng agents

have zeewribednedBaflliebrdsr fotentieasar(PoP3cuaa pénineat hawce alealbofamenisy
Potential (GAWP) of |less than 1500. The ODP of a substance is defined as the
rati o béingmeaatbedn t he ozone due the substance relative to CFC-11 of a
simlar mass, where the ODP of CFC-11 is defined as 1.0. The GAP of a
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appar aéﬁ{ﬁoéif?ﬂer{t,ht%e plurality of nozzles are positioned at different height levels on the
mixing chamber and the blowing agents are injected via the nozzles according to their
boiling points. The blowing agents are chemical compounds selected from the group
consisting of hydrocarbon-containing compounds, hydrofluorocarbon-containing
compounds or hydrofluoroolefin-containing compounds. Furthermore, the blowing
agents have zero Ozone Depletion Potential (ODP) and/or a low Global Warming
Potential (GWP) of less than 1500. The ODP of a substance is defined as the ratio of
impact on the ozone due the substance relatix}e to CFC-11 of a similar mass, where the
ODP of CFC-11 is defined as 1.0. The GWP of a substance is defined as the ratio of
warming caused by the substance relative to carbon dioxide of a similar mass, where
the GWP of CO: is defined as 1.0. In one embodiment, the mixture from the mixing
chamber is delivered to a static mixer to improve the homogeneity of the mixture
composition.
[0015] Figure 1 illustrates a block diagram of a mixing apparatus for the
manufacture of polyurethane. In one embodiment, the mixing apparatus comprises a
plurality of container modules 210, 220, 230, 240, 250 that deliver chemical components

4



manuf act ure of pol yurethane. In one enbodi nent, the m xing appar at us
conprises a plurality of container nodules 210, 220, 230, 240, 250 that
deliver chem cal conponents 4 to a m xing chanber 100 for inpingenment

m xi ng. I npingenment mxing refers to a nethod of m xing chem ca

conponents, where streans of those conponents are forced towards each ot her
at high velocities, and the resulting high kinetic energy of the streans is
used for mxing. In an enbodi nent of the invention, the chem cal conponents
include at |east a polyol and four blow ng agents BAl, BA2, BA3, BA4.

[ 0016] F gurieimgZhambsr 100 fos impirgettat siigiogy lmpsgement nysimegetrs bhal vi ews of
the m xi ng chanber 100. In an enbodi nent of the invention, the mxi
chanbemetiopl @Hﬁp@ng elzerpicpl qaaporaptsn vhesy streasns afghogexpmpaents i, foresd t o

|1 th d the f di ff nt bl ts BAL BA3, BA4
fo be [oebeatch et ezl 51@% FHEE rrodt Ran oot BRI he. i xi ng
hanb 100 h | i nd Th h b d
Fr om nererratanedefr b, & FRRRRmert Ry Bl B R b D oai ment - t he
f t t th
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pol yol, such as but not Iimted to pol ypropyl ene glycol (PPG. [0018] A

secondnmzlg lcRathB6r 1(®. pAshtdntnedment dhde fhvdntigncthembixingl nalbera ODower

hei ght |l evel than the first nozzle 110 (Figure 2), wherein the second
nozzIeaﬂﬁpnaﬁquﬂnﬂnyDfﬁbzﬁé@ﬁﬂh@ZhQé®ﬂ4Q3wmtoaﬂbwfhﬂpebﬂédndthﬂnﬁe m Xi ng
chanmber 100. I n one enbodinent, the first blow ng agent BAl is a
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chamber 100 can be made from materials such as metal or metal alloys.

[0017] In one embodiment, the first nozzle 110 (Figure 2) allows the polyol to be
injected into the mixing chamber 100, wherein the polyol have a boiling point of around
200 to 250 degrees Celsius (°C). For example, the polyol can be a polyether polyol, such
as but not limited to polypropylene glycol (PPG).

[0018] A second nozzle 120 is positioned on the mixing chamber 100 at a lower
height level than the first nozzle 110 (Figure 2), wherein the second nozzle 120 allows a
first blowing agent BA1 to be injected into the mixing chamber 100. In one
embodim}ent, the first blowing agent BA1 is a hydrocarbon-containing compound
having a boiling point of around 40 to 60 degrees Celsius (°C). For example, the first
blowing agent BA1 can be cyclopentane (CsHuo).

[0019] A third nozzle 130 is positioned on the mixing chamber 100 at a lower
height level than the second nozzle 120, wherein the third nozzle 130 allows a second
blowing agent BA2 to be injected into the mixing chamber 100. In one embodiment, the
second blowing agent BA2 is a hydroﬂuorocarbonb—containing compound having a

boiling point of around 20 to 40 degrees Celsius. For example, the second blowing



[0019] A third nozzle 130 is positioned on the m xing chanber 100 at a | ower
hei ght | evel than the second nozzle 120, wherein the third nozzle 130

all ows a second bl owi ng agent BA2 to be injected into the m xi ng chanber
100. In one enbodi nent, the second bl owi ng agent BA2 is a

hydr of | uor ocar bon- cont ai ni ng conpound having a boiling point of around 20
to 40 degrees Cel sius. For exanple, the second blow ng agent BA2 can be
HFC 365nfc (CF3CH2CF2CH3), or 365nfc/227ea (i.e. a mxture of 365nfc and
227ea). [0020] A fourth nozzle 140 is positioned on the m xing chanber 100
at a | agent BAS ghtbel 186 1365 man(AfeH G dsh oz 2pemidRR7erigupenizfurefier ei n t he
fourth nozzle 140 allows a third bl owi ng agent BA3 to be injected into the
m xi ng3&maiesae 226€r)- | n one enbodi nent, the third blowi ng agent BA3 is a

hydr of | bon- cont ai ni . und havi boi | i i nt, of dOot
26, deollal Col iAo RooGIART 8 PorHE e PRAPEP B G A0ERL T T e HeC.
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hydr ocahROMmEA! @k Thind bmmgw%ém BXIi0f hy@rpRRFRambGea@hRiing conpound or
hydr of [ uor ool efi n-cont ai ni ng conpound havi ng a boiling point of around -30

}?808 d@gﬁp&&@bﬁh%&bdﬁﬁlﬁg Kiaepl grouhl® thaordegrdus @il sigs. afferixaBivle,cha be
a (G no), HFC 134a ( F-CF3), HFC 227ea (C3HF7) or HFO 1234ZE
(t r ansthQdPEIGHORS hger{tBORdanrbedd BCerbiad Cirigolt; Ciihg. pl ural ity of nozzles 110,
120, 130, 140, 150 are positioned at different heights of the sidewall 101
of thel0fRKi ng cHafifibmorel 128 ishewronas #igares hoiedipve] than thaéowitbodi ment
Subst aiitd 149, Fra eiitbrsedRd ooty tie Saei Sl eceREpe 5 " °

injected into the mixing chamber 100. In one embodiment, the fourth blowing agent

BA4 is a hydrocarbon-containing compound, hydrofluorocarbon-containing compound

or hydrofluoroolefin-containing compound having a boiling point of around -30 to 0

degrees Celsius. For example, the fourth blowing agent BA4 can be R600a (CsHaio),

HFC 134a (CH.F-CFs), HFC 227ea (CsHF7) or HFO 1234ZE (trans-CHF=CHCFs).

[0022] In one embodiment, the plurality of nozzles 110, 120, 130, 140, 150 are

positioned at different heights of the sidewall 101 of the mixing chamber 100 as shown

in Figures 2 and 3. In one embodiment, the plurality of nozzles 110, 120, 130, 140, 150

are positioned in a substantially radial equidistant R from each other (Figure 4).

[0023] Referring to Figure 5, the fourth nozzle 140 includes an orifice 141 for

injecting the third blowing agent BA3 into the mixing chamber. Similarly, the other

nozzles 110, 120, 130 and 150 each have an orifice for injection of the respective chemical

compounds. It can be appreciated that the orifice of the nozzles 110, 120, 130, 140, 150

can be designed with different diameters to facilitate the injection of the different types

of chemical compounds (i.e. the polyol and blowing agents). In one embodiment, the

nozzles 110, 120, 130, 140, 150 are inserted through pre-formed holes in the sidewall 101

of the chamber 100 and secured in place by adhesive, sealants or O-rings. In one
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[0023] Referring to Figure 5, the fourth nozzle 140 includes an orifice 141
for injecting the third bl owi ng agent BA3 into the m xi ng chanber.
Simlarly, the other nozzles 110, 120, 130 and 150 each have an orifice for
injection of the respective chem cal conpounds. It can be appreciated that
the orifice of the nozzles 110, 120, 130, 140, 150 can be designed with
different dianeters to facilitate the injection of the different types of
chem cal conpounds (i.e. the polyol and bl owi ng agents). In one enbodi nent,
the nozzles 110, 120, 130, 140, 150 are inserted through pre-formed holes
in t heesbdéimdrt, the hootles hH), d AAMHBEr 140015 lanes seolirastid towsirds thewertigtesi ve,
sealants or O-rings. In one enbodinent, the nozzles 110, 120, 130, 140,
150 axeentwraxig) reef thd mixsing dambes 10l @wlspeaific cabedienyt, thegtorzdel 1 xi ng

chanmber 100. In one specifjc enb dlmsntc,1 EF nq}zle 110, 120, , 140, 150
axes at?d %%fbéfl%ﬂépam?aﬂrﬁéwa@ﬁm@ Rerpepdichiar f e eafical Shptreadzids Yy v

0024 hanb d 0 .h | 191
T el R R T R s el

| t
out 1 ot 756" g N QA B SPGB ekl AR R B
enbodi %ﬁ %eﬁmattmm&ﬁg 1 BRe BinbbHiRedtSttdicveRpI Fed Joyitiohed apriRsSSUr e
continu Ey wi thout the uSe of any control valves. [0025]Before injection

into the dritké AgxiakaRbebed 0. Thhe daebidmeands theemidgioagertaiBadk isBA2, BA3,
BA4 are stored separately in the plurality of container nodul es 210, 220,
230, 2di8cha2fed bfFihgsir predjurelcontineowesipodihvanthe tdeef eoptantmel vatoeiul es 210,

220, 230, 240, 250 nmintain the polyol and bl ow ng ents BAl, BA2, BA3,
BA4 at[0pPH desi Mefbreénpeiat inte thevdixne skambeeridd othe HO%rCééﬁﬁr%OWH@n to the

m xi ng chanber 100. The tenperature of ach pol yo bl qwi n nts BAL,
BA2, BEntshal. i %%@ﬁﬁ’s%féétoéé‘?:éﬂ%ﬁrﬁ"@ ]@thﬁé’hﬂ’ﬁaLFYn%gj B%@%Pga Sr ement s.

|220an2"§1[§bg£d SE0eef ehdfisre b b ark b prtRrRS Wi orlBRrT BPafeRafi e, *ro
mai nt aj 4 &izﬁzn@lrya%lta%ﬂe 'o W3 (?\M‘(%Odrg%p%@)‘f\{ éA ds pRase dhoqbarid itate

t he i npIhgene m X1 n |cu durt 6mﬁn agent BA4 such

as HFGel3da, i ehy ?e%s&el&%IQ%l'ehﬁﬂ RRifAto e ﬁ[ﬁﬂ%@haxﬁ@eﬁo@mih@' gh vapor
pressure. [0026] The contai ner nodul %s 210, 220, 230, 240, 250 are coupled

tot hetempémqf@@@éa%g» I%QQ ald w&sﬁ%ca ievies A DISAB B3, BAQ, cad32,adfddded 350 and
nmet eri ng punps 311 2 331, 341, 1 for dellverlng t he pol yol and

blomnngma@hmgs)EkknmﬁﬁgpnﬁéﬁueaﬂéemmnmhénahkhﬂgMEMan@ﬁhimﬁwmﬁme Piepes 310,
320, 330, 340, 350 are coupled to the plurality of nozzles 110, 120, 130,
140, 1®®tme@modulﬁe RY0, 2PA30nPAY 2p0 asssurell kinevy Semperagirergressure

control mechanisms to maintain the polyol and blowing agents in their liquid phase to
facilitate the impingement mixing, particularly for the fourth blowing agent BA4 such
as HFC 134a which has a low boiling point of around -26 °C and high vapor préssure.
[0026] The container modules 210, 220, 230, 240, 250 are coupled to the mixing
chamber 100 by respective pipes 310, 320, 330, 340, 350 and metering pumps 311, 321,
331, 341, 351 for delivering the polyol and blowing agents BA1, BA2, BA3, BA4 to the
mixing chamber 100. The pipes 310, 320, 330, 340, 350 are coupled to the plurality of
nozzles 110, 120, 130, 140, 150 respectively. The input pressure and volume of the
polyol and each blowing agent BA1, BA2, BA3, BA4 injected into the mixing chamber
100 are controlled by the respective metering pumps 311, 321, 331, 341, 351. The
metering pumps 311, 321, 331, 341, 351 deliver the polyol and blowing agents BA1, BA2,
7



pol yol and each bl ow ng agent BAl, BA2, BA3, BA4 injected into the m xing
chanber 100 are controlled by the respective netering punps 311, 321, 331,
341, 351. The netering punps 311, 321, 331, 341, 351 deliver the polyol and
bl owi ng agents BAl, BA2, BA3, BA4 in the desired ratio fromthe container
nodul es 210, 220, 230, 240, 250 to the m xing chanber 100. Furthernore, the
metering punps 311, 321, 331, 341, 351 ensure that the proper ratio is
reproduci bl e and accurate to achieve a consistent high quality m xture. The
metering punps 311, 321, 331, 341, 351 are coupled to switch valves (not
shown) BABaB At im theotesed gidtfio friven thepanisingsangduleadt), 2o 280.A0ndpldgehe s BAL,

BA2, BA3, BA4 into the mxing chanber 100. [OOZﬁEIn 0 §gb§ggnent, t he
e, o pUsote LA st S g 1 sy o
[ the ol . one_enbodi.men ring.punps
331, ahe Cernge i P RoH Dl SRR OHRL Sy SRS e IR Foxt mum
f d, 140 BAR f i t i
Crbodi TNC 1 TR TSR UBHT R, STheboryor and BF une” sgent e AT 80 “Bas,
BA _ar endieh F QLA RS RERAH0001Fa0in BB bIGhg RfBAT GIEALYIr S and

pressures sufticient mai nt a e polyol and bl ow ng agents BAL,

BA2, Bg§4iﬁ@ﬂhgﬁﬁ%n%uﬁghqmpm@§e. I n one enbodi nent, flow neters and
tenperature sensors (not shown) are coupled to the pipes 310, 320, 330,

340, 3@02r0 nonilhehetethddiment, dematudineegnpep 81 Lusesoin axha pPstopgiumapd bl owi ng
agents BAl, BA2, BA3, BA4. The flow neter and tenperature sensors are
conponenthsmatinairs lpossdrd ooposyd 2ENB AR Or notéring Begrdyedilyene t he i nput
pressure, volune and tenperature of the golyol and bl owi ng agents BAl, BAZ2,

BA3, Brubpdineeniithe reenEng PeRws 324 I ed3H 2P hsesrerlbsRoWn RITPR EF MRS Hs, t he
cl osed-l oop system enabl.es precise contro e flow .pressyre.and

{ enpor G idler RUESH Hihgh T st o %?\Rtfﬂénk%v 5 TERIOBIH ng
agents %ﬁ#; BA2, BA3, BA4 to achieve good quality mxture. [0029]In an
embodi PN of the invention, a static mixer 400 is coupled to the outl et

#9)% gf [0b3g M xi ng aﬁmiﬁljegﬁof t-ﬂla‘?néélﬁlto‘n?%ﬂ@ FRY oA HEIWES a@ShtaBAaddi ti onal
ng neans to inprove the honpgeneity of the” discharge xture. The
stat1 CBADX®A3, BA4 are fed through the pipes 310, 320, 330, 340, 350 at temperatures and
pressures sufficient for maintaining the polyol and blowing agents BA1, BA2, BA3, BA4
in a liquid phase. In one embodiment, flow meters and temperature sensors (not
shown) are coupled to the pipes 310, 320, 330, 340, 350 to monitor the flow-rate and
temperature of the polyol and blowing agents BA1, BA2, BA3, BA4. The flow meter
and temperature sensors are components of a closed-loop system that monitors and
adjusts the input pressure, volume and temperature of the polyol and blowing agents
BA1, BA2, BA3, BA4 to ensure consistency in the mixing process. In other words, the
closed-loop system enables precise control on the flow, pressure and temperature
according to the characteristics of the polyol and blowing agents BA1, BA2, BA3, BA4 to
achieve good quality mixture.
[0029] In an embodiment of the invention, a static mixer 400 is coupled to the

outlet 190 of the mixing chamber 100. The static mixer 400 serves as an additional

mixing means to improve the homogeneity of the discharged mixture. The static mixer



uses well known device that conprises a series of helical elenents encl osed
i n tubul ar housing. [0030]1n one enbodi nent, a pressure control nodule 500
is coupled to the outlet of the static m xer 400. The pressure control
nodul e 500 conprises a pressure regulator to control the flow of mxture

di scharged fromthe static m xer 400 to the storage tank 600. In addition,
the pressure control nodule 500 nay include a pressure gauge to neasure the
pressure of the m xture discharged fromthe static m xer 400. The storage
tank 600 stores the m xture until subsequent m xing with isocyanate to form
pol yur esdsand! koawm de0@s thafvemypetshoa séides afihelier) elameergobydpsegrid thbolar ng
agents BAl, BA2, BA3, BA4 is now described. The polyol and bl owi ng agents
BA1, BROUSIBA3, BA4 are first stored separately in the contai ner nodul es

210, 220 30, 240, 25Q. | nbodi t, th | bl owi t
Brr. BB0BAS dnenscaiden fauci e e pioiib S se Pttt B e ner
dul 10, ,220, 2 40, 250, [0032 t ~~th | | l.ow t
e g R TR bR S R T e
240, 2 Ocotn?ré)tl%m&'o@%iﬁﬁﬁm%%gj%g%?%%%e LESPRELr B0 RS BRSst3hQe tAA0, 330,

340, 350 and netering punps 41, 351. In the mXxing chanber

100, as@PIthiRifin, @achresfli e ebRGoPhbaam D MY} MeluNbpRsawt Beuagent BAL,
BA2, BA3, BA4 m xes th the other to forma m xture. |In one enbodi nent,

t he ﬂEﬁ@ﬁkﬂgﬂ@yFRSQﬁélﬁﬂ&i&mmﬁaidﬁaﬁﬁga$ﬁbnﬂﬂ@&hﬁknhhernnmurh@me&g&re and
volune so that liquid streans of polyol and bl ow ng agents BAl, BA2, BA3,
BA4 ar @nkr§06é stoeek thetroixtire unitit sulgseqhamteixidg@ithi isotyhvatedepechi ve nozzl es
110, 120, 130, 140, 150 for inpingenent m xing. In one enbodi nent, the

m ni mupelyheethaes feast. t he pol yol is around 200 gram second (g/s) and for the

o owt rGRIET 5 AL B2, S, At 1 Brpund 2 Gramiscemnd (sl n one
soent B80S BB 10 100 AR O DS RO AR o
U L R S e
the polyol and blowing agents BA1, BA2, BA3, BA4 are maintained in their liquid phase
in the container modules 210, 220, 230, 240, 250.
[0032] Next, the polyol and blowing agents BA1, BA2, BA3, BA4 are delivered
from the container modules 210, 220, 230, 240, 250 to the mixing chamber 100 by the
respective pipes 310, 320, 330, 340, 350 and metering pumps 311, 321, 331, 341, 351. In
the mixing chamber 100, a portion of each injected stream of polyol and blowing agent
BAI, BAZ,' BA3, BA4 mixes with the other to form a mixture. In one embodiment, the
metering pumps 311, 321, 331, 341, 351 control the input pressure and volume so that
liquid streams of polyol and blowing agents BA1, BA2, BA3, BA4 are injected into the
mixing chamber 100 via the respective nozzles 110, 120, 130, 140, 150 for impingement
mixing. In one embodiment, the minimum flow rate of the polyol is around 200
gram/second (g/s) and for the blowing agents BA1, BA2, BA3, BA4 is around 2

gram/second (g/s). In one embodiment, the mixing ratio is around 1~15 parts of each of

the blowing agents BA1/BA2/BA3/BA4 to 100 parts of the polyol. In this case, the



with different insulation properties by using different conbinations of the
bl owi ng agents. For exanple, only three blow ng agents BAl, BA2 and BA3 are
m xed with polyol. In this case, the mxing ratio of each of the bl ow ng
agents BA1l/BA2/BA3 is around 1 - 15 parts to 100 parts of polyol. The ratio
of the conbined bl ow ng agents BAl, BA2, and BA3 is around 13 - 35 parts
to 100 parts of polyol. [0034]1n one enbodi nent, the polyol and bl ow ng
agents BAl, BA2, 13A3, BA4 are simultaneously injected into the mxing
chanber 100. In other words, the polyol and blow n ents BAl, BA2, BA3,
BA4 ar enikimgeetiedf thﬁztaommleatmrxq)frtge thamewinigzeats %ﬁ%»sﬁ AitB st pyd BAd isane

time. In one enbodi nent, the polyol and bl ow ng agents BAl, BA2, BA3, BA4
are coftqungolisi3p nasf Sé@ﬂ@@lpﬁﬁ’ééfP%Oh xi ng chanber 100, which allows the

t t d h t [ f th t t |
00351 KUBBE " G eHEE BTG B HAWEA R G CRATT PobOUCHBS FOll £ ng
i xt 100. |
e ot Sfﬁfgfﬁfentw%?% 0&%&?@%&8%3?%?@&%%*e|Cva“é°r1% 1 A PR oot "a00
for f uﬁé Ixe!xg gé) 0'11 {h(} @bfo%n? QB&?'B%ﬂ gA@fanHt]§A§M§J€HIVQHh Then, the

mxturels |ver estat com xer 4 to a storage tank 600.

Subseq 61;%[ YIn thit&asd, %K@ﬁﬁxﬁ%%@@of éhch*b%tﬁé@lb@ﬁﬁ hadties BAQ/BA2MAREd W th
i socyahate to form pol yuret Rane foam [0036]As apparent fromthe above

descri pidugd 1anth pPRERTED irawpesyol eThe dititedt the ebmbied biveritg agerps ovi de a
m xi ng apparatus and nethods that provide good m xture quality using

chem cBAlcBAPomeintA3 (s areungdBy8b partd thl@wparts eigendysl) of different
characteristics. Sone of the blowi ng agents with boiling points bel ow room

t enper BW0B4le havdntaesahrsiimeat, h}éfdwlﬁol glblgvwpinaasenth Béﬂd@ﬁ% BABalAMi tat e
| PoSTEnL X0, e, 00 SeRaraluc L B8 b Loclandle samy popbinat | one
provi d o%vbllnlg Iatégnts %%1(,: %Qil, ]%5\3,”]%)(4 are injected into the mixing chamber 100 at
substantially the same time. In one embodiment, the polyol and blowing agents BA1,
BA2, BA3, BA4 are continuously injected into the mixing chamber 100, which allows the
mixing apparatus to produce high output of the mixture at each cycle.
[0035] After impingement mixing in the mixing chamber 100, the resulting
mixture is discharged from the channel 191 of the mixing chamber 100. In one
embodiment, the discharged mixture is delivered to the static mixer 400 for further
mixing to improve the homogeneity of its composition. Then, the mixture is delivered
from the static mixer 400 to a storage tank 600. Subsequently, the mixture stored in the
storage tank 600 is mixed with isocyanate to form polyurethane foam.
[0036] As apparent from the above description and appended drawings,
embodiments of the invention provide a mixing apparatus and methods that provide
good mixture quality using chemical components (i.e. polyol and blowing agents) of
different characteristics. Some of the blowing agents with boiling points below room
temperature have to be maintained in liquid phase in order to facilitate impingement
mixing. The mixing apparatus is able to handle any combinations and vast difference in
mixing ratio of various chemical components. It also provides stability and consistency
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in controlling the m xing process and paraneters (e.g. input pressure and
vol une). Manufacturers are able to benefit fromthe advantages of m xing
not just one but different blow ng agents. [0037] Furthernore, the m xing
apparatus and net hods provide manufacturers with the flexibility to devel op
their owmn m xing fornul ations, and enjoy the benefits of various chem cal
conponents in the final m xtures. For exanple, manufacturers can use |ess
gquantity of high volatile blow ng agents, such as cycl opentane or HFC
365nfc, in their formulations, which helps to reduce the safety risk of

usi ng trheorpoiling Bremanengpbopsst arfdpdrpmieters . g aRpUIQPPSTIEE AN e érﬁﬁml%) I n

addi tion, manufacturers are able to benefit fromthe conblna i on of various
blomjnbk%béﬁﬁ%ﬂ%ﬁﬁf@@HT@V@“@%E@OFH§9PQY@%@gﬁﬁéﬁﬁwpﬁ%%OdF“?ﬁ@ | yur et hane

f oam EQE% %%% g{)Iore vari ous conbinations to reduce the overall operation
costs. L) %188 fbodi ments of the invention have thus been descri bed.

-HO weve Ggﬁhhose OPr T hnr%%{nl ng t}smelz< '{rhl %g r%)ga}atgs %(& \@t}llclds gg%'ﬁ&ﬁ@@%ré@e

| nvent S not o I men eSCI’I ut can pr acticed

Wi th #\8 ?lteki%ﬂﬁg ng F@L%Igg’%élp By Iﬁf)&r{%]fd?&lﬁapdcfﬂst a8 ¢ AREL ek N6f

appende ains t is claimed i's® 1. A mxing
appar af itgodsthehi1€al FBAIHORCA IR HAS flmlrmbthﬁ*eb aner daaiple, ihenurhxtungs appar at us

conprising: a mxing chanmber i ncluding
use less quantity of high volatile blowing agents, such as cyclopentane or HFC 365mic,
in their formulations, which helps to reduce the safety risk of using the polyurethane
and yet fulfill the zero ODP requirements. In addition, manufacturers are able to
benefit from the combination of various blowing agents and achieve good insulation
properties of the polyurethane foam. They can explore various combinations to reduce
the overall operation costs.
[0038] Several embodiments of the invention have thus been described.
However, those ordinarily skilled in the art will recognize that the invention is not

limited to the embodiments described, but can be practiced with modification and

alteration within the spirit and scope of the appended claims that follow.
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a first nozzle to allow a polyol having a boiling point of around 200 to
250 degrees Celsius to be injected into the m xi ng chanber; a second
nozzl e positioned at a | ower height |level than the first nozzle to allow a
first blowng agent to be injected into the m xing chanber, wherein the
first blow ng agent is a hydrocarbon-containing conpound having a boiling
poi nt of around 40 to 60 degrees Cel sius; a third nozzle positioned at
a |l ower height level than the second nozzle to allow a second bl owi ng agent
to be injected into the m xing chanber, wherein the second bl owi ng agent is
a hydr@LAlIMScar bon- cont ai ni ng conmpound having a boiling point of around 20
to 40 degrees Cel sius; a fourth nozzle positioned at a | ower hei ght

| evel than the third nozzle to allow a third bl owing agent to be injected
into the m xing chanber, wherein the third blowi ng agent is a

hydr of Mgt écd#iBwiligont ai ni ng conpound having a boiling point of around 0 to
20 degrees Cel si us; a fifth nozzle positioned at a | ower height |evel
than the fourth nozzle to allow a fourth blowi ng agent to be injected into
t he m xi Rg._chanber_. wher ei g i ' i

hydr oc 'r%%ﬂ{xé%?%dﬁ?wa?%rotrlrl%%%lﬁffgﬁ%é fo}f)dt}gwg%r%%ﬁ%ht% I?llllxl’ll%g 813 argttﬁlsd or
hydr of | J10 quh%fei n- cont ai ni ng conpound having a boiling point of around -30
to O degrees | sius; and an outlet at the top of the m xi ng chanber,
wher ei n t@&ikiﬂ%@;ﬁb@l@epﬁ{CMjn nd the first, the second, the third, and the
fourth blowi ng agents react to forma mxture that is discharged through
the outlet. 2 firfheorlaiondloappaohtolbavihgal aiiimg point of arounelr 28I0rfo2he fir st
the second, the third, the fourth and the fifth nozzles are positioned at

t he si dewdddreesf Celbigs o ke geatédhirtiiethe Biximgehamkeng apparatus of claim 2,

a second nozzle positioned at a lower height level than the first nozzle to allow
a first blowing agent to be injected into the mixing chamber, wherein the first
blowing agent is a hydrocarbon-containing compound having a boiling point of
around 40 to 60 degrees Celsius;

a third nozzle positioned at a lower height level than the second nozzle to
allow a second blowing agent to be injected into the mixing chamber, wherein the
second blowing agent is a hydrofluorocarbon-containing compound having a
boiling point of around 20 to 40 degrees Celsius;

a fourth nozzle positioned at a lower height level than the third nozzle to
allow a third blowing agent to be injected ihto the mixing chamber, wherein the
third blowing agent is a hydrofluorocarbon-containing compound having a boiling
point of around 0 to 20 degrees Celsius;

a fifth nozzle positioned at a lower height level than the fourth nozzle to allow
a fourth blowing agent to be injected into the mixing chamber, wherein the fourth
blowing agent is a hydrocarbon-containing compound, hydrofluorocarbon-
containing compound or hydrofluoroolefin-containing compound having a boiling

point of around -30 to 0 degrees Celsius; and
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wherein the first, the second, the third, the fourth and the fifth nozzles
are positioned in a substantially radial equidistant fromeach other. 4.
The m xi ng apparatus of claim 2, wherein the first, the second, the
third, the fourth and the fifth nozzles axes are directed towards the
vertical centre axis of the m xing chanber. 5. The m xi ng apparatus of
claim1 further conprising: a static m xer coupled to the outlet of
the m xi ng chanber, wherein the static m xer allows additional m xing of
the m xture discharged fromthe m xi ng chanber. 6. The m xi ng appar at us of
clai m5 furt herowthpt iheitng of the mixéng tlwrale, whekeit dupingadtedopeljiel atchthiec i xer
to store the m xture discharged fromthe static m xer. 7. The m xi ng
appar at usfiot, the atarnd, fherthirdr andbihsrfogithglowing aggenis rgagttp £y f RRIFHIS] ner
nodul es coupled to the m xing chapber, the plurality of container nodul es
mai nt ai n e isgEpshergeshénrongh ﬁler%%ﬂ,et't he second, the third, and the fourth
bl owi ng agents in a liquid phase.

2. The mixing apparatus of claim 1,

wherein the first, the second, the third, the fourth and the fifth nozzles are

positioned at the sidewall of the mixing chamber.

3. The mixing apparatus of claim 2,
wherein the first, the second, the third, the fourth and the fifth nozzles are

positioned in a substantially radial equidistant from each other.

4. The mixing apparatus of claim 2,
wherein the first, the second, the third, the fourth and the fifth nozzles axes are

directed towards the vertical centre axis of the mixing chamber.

5. The mixing apparatus of claim 1 further comprising: .
a static mixer coupled to the outlet of the mixing chamber, wherein the static

mixer allows additional mixing of the mixture discharged from the mixing chamber.
6. The mixing apparatus of claim 5 further comprising:

a storage tank coupled to the static mixer to store the mixture discharged from

the static mixer.
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8. A nethod of mxing for the manufacture of pol yurethane foam the nethod
conpri si ng: injecting a stream of polyol having a boiling point of
around 200 to 250 degrees Celsius into a m xing chanber via a first nozzle;
injecting a streamof first blow ng agent into the m xing chanber via a
second nozzle positioned at a | ower height |level than the first nozzle,
wherein the first blow ng agent is a hydrocarbon-contai ni ng conpound havi ng
a boiling point of around 40 to 60 degrees Cel sius; injecting a
stream of second bl owi ng agent into the m xing chanber via a third nozzle
posi t i Bn&de atixiaglapparatheodidin &velth¢thmmpridngecond nozzl e, wherein the
second bl ow ng agent is a hydrofluorocarbon-containi ng conpound_having a
boi | i ng poi aplteflityrawadtaereodideseqyimded tadde gniging chamber; thegdiahgy f st r eam
of third bl ow ng agent into the nm xi ng chamber via a fourth nozzle
posi t i eMEangt Mg aipgaig e pAl aebher ol thegesprd, %g?léfﬁ/r?nﬁﬁ €third

bl owi ng agent i.s a hydrof].uorocar bon-cont ai ni ng conpound having a boiling
poi nt gﬁ“g}g@ﬁﬂn%ag%%%ﬁlﬂ @?%quﬁﬁlsius; injecting a streamof fourth
bl owi ng agent into the m xing chanber via a fifth nozzle positioned at a

| ower height |evel than the fourth nozzle, wherein the fourth bl owm ng agent

s a hydpacanbanfonhdl oF B GanRAAG. oYK AHARORARDERe KRG N g compound

or hydrofluoroole ont al ni ng conpoun aving a boiling point of around
- 30 toagngﬁghges Cel sius, wherein a portion of each stream of polyol and
the first, the second, the third, and the fourth bl owi ng agent m xes with
the ot her tipjdeongaatmhmtafipelydhdvitigschaitigp poirttioé anducttdi2@ tor2dthdeleeeni xi ng
chanber. 9. The nethod of claim8, wherein the polyol and the first, the
secondCelshe into a ahixingdhamberf vartfirsbhomileag agents are injected into the
m xi ng chanber at substantially the same tinme. . .
injecting a stream of first blowing agent into the mixing chamber via a second
nozzle positioned at a lower height level than the first nozzle, wherein the first blowing
agent is a hydrocarbon-containing compound having a boiling point of around 40 to 60
degrees Celsius;
injecting a stream of second blowing agent into the mixing chamber via a third
nozzle positioned at a lower height level than the second nozzle, wherein the second
blowing agent is a hydrofluorocarbon-containing compound having a boiling point of
around 20 to 40 degrees Celsius;
injecting a stream of third blowing agent into the mixing chamber via a fourth
nozzle positioned at a lower height than the third nozzle, wherein the third blowing
agent is a hydrofluorocarbon-containing compound having a boiling point of around 0
to 20 degrees Celsius;
injecting a stream of fourth blowing agent into the mixing chamber via a fifth
nozzle positioned at a lower height level than the fourth nozzle, wherein the fourth
blowing agent is a hydrocarbon-containing compound, hydrofluorocarbon-containing

compound or hydrofluoroolefin-containing compound having a boiling point of around

-30 to 0 degrees Celsius,
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10. The method of claim@8, wherein the polyol and the first, the second,
the third and the fourth bl ow ng agents are injected into the m xing
chanber in a liquid phase. 11. The nethod of claim8, wherein each stream
of polyol and the first, the second, the third, and the fourth bl ow ng
agent is continuously injected into the m xing chanber. 12. The net hod of
claim8, further conprising: delivering the discharged m xture fromthe

m xi ng chanber to a static mxer; and m xing the discharged m xture in the
static mxer. 13. The nethod of claim8, further conprising: adding an

i socyanate to thehéieachpogenh ofieatiusizedro of ppiyopend thetitsaree fasand, the4. The
met hod of claim8, wherein around 1 - 15 parts of each of the bl ow ng
agents are m xedhwd: ndtheuedrthddoywirg agent ntikes wish ylog other fosformipe et hod of
claim8, wherein the mininumflowrate of the injected polyol is around 200
gr anl second. mixture; and

discharging the mixture from the mixing chamber.

9. The method of claim 8, wherein the polyol and the first, the second, the third, and the
fourth blowing agents are injected into the mixing chamber at substantially the same

time.

10. The method of claim 8, wherein the polyol and the first, the second, the third and

the fourth blowing agents are injected into the mixing chamber in a liquid phase.

11. The method of claim 8, wherein each stream of polyol and the first, the second, the

third, and the fourth blowing agent is continuously injected into the mixing chamber.

12. The method of claim 8, further comprising:

delivering the discharged mixture from the mixing chamber to a static mixer;

and

mixing the discharged mixture in the static mixer.

13. The method of claim 8, further comprising;:

adding an isocyanate to the discharged mixture to form polyurethane foam.

14. The method of claim 8, wherein around 1 ~ 15 parts of each of the blowing agents

are mixed with around 100 parts of the polyol.
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16. The nmethod of claim15, wherein the mninumflow rate of each of the
i njected bl owi ng agents is around 2 granf second.

15. The method of claim 8, wherein the minimum flow rate of the injected polyol is

around 200 gram/second.

16. The method of claim 15, wherein the minimum flow rate of each of the injected

blowing agents is around 2 gram/second.
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