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Introduction

A flammability investigation of three different referants for Mobile Air Conditioning was carriedtoin a
first step the actual safety level of R134a wa®stigated. The results were put in relation totwhe possible
alternatives R744 and 2,3,3,3-Tetrafluoroprop-1{@te0 called HFO-1234yf).

Test Setup — First Phase

A VW Lupo system was used to do the testing (Figur®). The system was charged with refrigerandgbs0
for R134a and HFO-1234yf) and operated under rg@arating conditions (Pd ~15bar). As lubrication
medium PAG oil ND8 (135ml for all tests) was usAdrossible leak of the refrigerant caused by atfeord
collision was simulated by a release of refrigetanbugh a manually operated valve onto a hot sarf&uch

a front end collision can rupture a refrigerankeliand release the refrigerant-oil mixture into #mgine
compartment. The released refrigerant-oil mixtuesswirected to a hot surface simulating a turbogeraor

hot exhaust manifold. The surface temperature weasored and the temperature was adjusted through a

controller of the electrical powered heat souragyfes 3-4).
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Figure 1 R134a A/C system (VW Lupo) Figure 2 ddaptations to R134a A/C system (VW Lupo)

The base line test with R134a (ignition temperateitdé3degC) and ND8 (flash point 204degC) was cdrrie
out to define the existing safety level in the i A surface temperature of 970degC was chosedetthis
condition it was possible to show that the mixtooeld not be ignited.



Test Procedure Test Background

- System cleaning
. - AC system lines and compaonents in the engine compartment
- GCompressor oil charge for each test 135 ml Denso ND8 ) P 9 P

- Refrigerant charge 5009 for R134a & 2,3,3,3-Tetrafluroprop-1-pen - Various refrigerants

(HF0-1234yf) and 20 bar for R744 - Need of oil for compressor lubrication

- External drive of the compressor for 10 minutes to ensure oil o . . .
circulation in the system - Oil dissolubility (High for non natural refigerants and low for natural

refrigarants)

- Heat up of the heater plates to defined temperature by external heat

control unit - Girculating il during operation OCR
- Opening of the ball valve to simulate line rupture (release of a - Generation of refrigerant and oil vapor in the engine compartment
refrigerant and oil mixture) due to system raptura

- Test end after the complete release of the system charge

- Hot surfaces in the engine compartment during and after operation

Figure 3 Test Procedure Figure 4 Test Backgrbu

R134a prevents the mist of oil and refrigerant vapam ignition. During this test no flame propagatwas
observed. It could be concluded that the use of4Rléhd ND8 oil is safe up to surface temperatufes o
970degC.

In a second test, R134a was replaced by R744 (lar§0gr and additional R744 container of 20kg was
connected to the system) and the test was repaatbd same surface temperature of 970degC. Sieceilt
circulation rate in a R134a system is higher (~4% more refrigerant is solved in the circulatifigtoan in
an R744 system, the risk of mist ignition and tlh&sing of a pilot fire is reduced with the inflarmbte
refrigerant R744. In a normal operating, R744 sygpeessures are higher than in the one used dtimingpst.
However, the lower-than-normal pressures of thedR&A%btem are considered to increase the risk dtiogn
since a higher pressure would cause also higheaselspeeds and therefore reduce the probabilignite
the mixture. In the test the release pressure taddized to 20bar. No misting was observed andgndion

was observed.

The third test was carried out with 2,3,3,3-Tetradprop-1-ene (also called HFO-1234yf and havirfash
point of ~400degC). Miscibility and solubility cleateristics with ND8 are considered to be simiaR134a.
During the testing an ignition was observed andftame propagation and the flammability envelop was

judged to be substantial.

Conclusion First Phase

R134, having an Al rating (not flammable accordmgASHRAE safety standard), cannot be ignited dyrin
an accident simulation (vehicle front end) and uneelistic operating conditions including circuat oil.
R744, having also an Al rating, behaves similaR184a and the risk of ignition can be judged tddveer
than with R134a. R744 is therefore generating gorawved safety level. The HFO-1234yf, with a proleabl
ASHRAE safety rating of A2 or an even lower saflayel in terms of flammability and toxicity (toxiyi

testing not completed) clearly increases the rfsk milot fire after a front end collision.



Test Setup — Second Phase

In a second level testing the release of HFO-123lyist onto a surface with lower temperaturess wa
investigated. The temperature was reduced to 8@idegrder to simulate an operating turbo chargebyha
mixture of tetrafluoro-1-propene and PAG oil NDB.this scenario the mixture was again ignited. fléame
propagation and the flammability envelope leadhi® ¢onclusion that this pilot fire had caused asdary
fire in the engine compartments. It could be codetuithat by using HFO-1234yf, today’s high safetyel in
terms of flammability would be significantly redul,ecausing an increased vehicle damage after midera

front end collisions and putting human life at risk

In a next step, the temperature was reduced toe®f@@simulating a hot exhaust manifold). Also iis etup
the refrigerant oil mixture was ignited. The flapepagation was substantial and even so the flantitgab

envelope was reduced, it could still be judgedasifficient to cause a secondary fire.

Conclusion Second Phase

It can be concluded that 2,3,3,3-Tetrafluoropregne (HFO-1234yf) used as a refrigerant in a vehicl
application reduces significantly today's safetyelein terms of flammability. Possible implicatiorsse
increased insurance premiums since the cost fairrell be increased. Further investigation is e&sary on
the implications for persons being present in cwdispaces, e.g. during accidents in tunnel olggaravhen
such a fire happens (due to the low LC50 valueth®fthermal decomposition products). The risk gilat
fire caused by a front end collision in a vehicteng HFO-1234yf is significantly increased. A riglat the
pilot fire causes a secondary fire became cleadibke during testing and is highly possible (thanfes

consumed the polycarbonate indicator panels andgleational wire harness).

Background

Pure ND8 oil was released without refrigerant te 800degC surface. The oil was ignited. The flame
propagation and the flammability envelope were g@ditp be moderate but the burning oil will provitie

MIE (minimum ignition energy) for the ignition of HD-1234yf.

An additional flammability test of pure HFO-1234yhs conducted using a cigarette lighter. The refagt
was ignited and flame propagation was observed.pEnson handling the test was equipped with awvecti
carbon filter mask and fire protective gear. Thasom for the mask and protective gear was thathtirenal
decomposition products of HFO-1234yf dgdrogen fluoride (HF) and Carbonyl fluoride (COFZhese
substances have a LC50 (lethal concentration)evatulh of 966 ppm and Carbonyl fluoride (COF2) is



having a LC50 value at 1h of only 360 ppm. LC50%bof an animal population dies within 1h if the

atmosphere contains the indicated amount of thetanbe in ppm.

Technical Development Direction

When compared to R152a (A2), the HFO-1234yf flamilitgkenvelope is slightly reduced. However, the
flammability envelope of HFO-1234yf requires eitlagr oil free circuit or a secondary loop for thenfrend

heat exchanger.

Outlook

In a next phase, side impact collision will be istigated during which refrigerant lines inside gassenger

compartment are ruptured.

Annex

1) Material certificate for 2,3,3,3-Tetrafluoroprdpene CAS No 754-12-1
2) MSDS for 2,3,3,3-Tetrafluoroprop-1-ene Chemfeatmula GH2F,4

3) MSDS for PAG oil ND8

4) MSDS for R744

5) MSDS for R134a

6) 2,3,3,3-Tetrafluoroprop-1-ene Container Stigketures



1) Material certificate for 2,3,3,3-Tetrafluoroprop-1-ene CAS No 754-12-1

CERTIFICATE OF ANALYSIS

Product: 2,3,3,3-Tetrafluoroprop-1-ene
Code No: PC0987

CAS No: 754-12-1

Formula: GH>F,

Batch No: Q14B-40

Purity: 99%

Identity: Conforms to reference

Date: 08" February 2008



2) MSDS for 2,3,3,3-Tetrafluoroprop-1-ene Chemicarormula C3;H,F,

SAFETY DATA SHEET
233 3-TETRAFLUCROPROP-1-EME Page 1
ssued: 25082007

Revision Mo: 3

1. IDENTIFICATION OF THE SUBSTANCE /| PREPARATION AND OF THE COMPANY ! UNDERTAKING

Product name: 2.3, 3-TETRAFLUDROFROP-1-EME
CAS number: 734-12-1
Product code: PCO0AT
Company name: Apollo Scientific Lid
Bredbury, Stockport, SK6 2QR, Tel 0161 406 0505

| 2. HAZARDS IDENTIFICATION

Main hazards: Flammable. ritating to eyes, respiratony system and skin

| 3. COMPOSITION { INFORMATION ON INGREDIENT S

Hazardous ingredients: 2.3.2.3-TETRAFLUOROFROP-1-ENE =00%

| 4. FIRST AID MEASURES (SYMPTOMS)

5kin contact: There may be iritation and redness at the site of contact
Eye contact: There may be rritation and redness. The eyes may water profusely.
Ingestion: There may be sorzness and redness of the mouth and throat.
Inhalation: There may be iritation of the throat with a feelng of tightness in the chest Exposure may cause

coughing or wheezng.

4. FIRST AID MEASURES (ACTION]

5kin contact: Remove all contaminated clothes and footwear immediately unless stuck 1o skin. Wash
immediately wih plenty of soap and water
Eye contact: Hathe the eye with running water for 15 minutes. Censult a doctor.
Ingestion: Wash cut mouth with water. Consult a dector.

Inhalation: Remove casualty from exposure ensuring one's own safety whist deing so. Consult a doctor.

5. FIRE-FIGHTING MEASURES

Extinguishing media: Suiable extnguishing media for the surrounding fire shou'd be used. Carbon dioxide. Dry
chemiza powder.
Exposure hazards: [n combustion emits toxic furnes.
Protection of fire-fighters: \Wear se'f-contained breathing apparatus. Wear protectve clothing to prevent contact with skin

anad eyes.

B. ACCIDENTAL RELEASE MEASURES

Personal precautions: Referto secton 8 of 5035 for persona’ protecton details. if outside do net approach from
downwind. f gutsice keep bystanders upwind and away from danger pont Mark out the
contamnated area with signs and prevent access to unauthorised personnel. Turn l=aking
containers leak-side up to prevent the escape of Dguid.

Environmental precautions: Do not discharge imto drans or rivers. Contain the spillage using bunding.
Clean-up procedures: Absorb into dry earth or sand. Transfer o 3 closable, labelled salvage contamer for disposal by

an appropriate method. lcont...]



AT T = SAFETY DATA SHEET
Z3 3 FTETRAAUICROFROP-1-EHE Page Z

I_'l". HENDLING AND ETORAQE

#adling requirsmesds: Avold dirsct cortach wiln the substance. Engune thene i suficlent senbiation of e arsa, Do
not harde In & confned space. Axclc The fonmation or soread of misls I the aie Oelyess In
fume hiood.

Storags sondiione: Store In cool, wel sendialsd arsa. Keep contalner Hohly Ciosed
SuBaihis packaginsg:  Most only b keplin original packaging.

| g. EXPOEURE CONTRCOLE / FER3OHAL PROTECTION

Enginezring measurss: Ensune Thene s suTiclent werliztion of e arza.
Respliratory protectlon:  S=f-cortined breathing spparatus muost be aveliztis In cxse of smerpency.
Hand profeoson:  Probectie gloves.
Eye protaction: Ealety glasses. Ensume &y bath s fo hiand
Eiin prolecSon:  Proteciies dofing,

8. PHYEICAL AND CHEMICAL PROFERTIES

Bxle: Qo
Colour: Coloun=ss
Boling podnbiramgeal:  -25 308 TEImm=g
Neltng poinbramgel:  ~f52.240

A0. ETABILITY AMD REACTIVITY

Hablify: Eiabie under romnal condBons
CondRlene to awold: Stors prot=cis: from molsture 2nd Feat Cieesct sunlignt
Walsrale to avold:  Strong oxidizing agents. Slong acids.
Haz. deoomp. producte:  In comiustion Emits oo fumes.

11 TEXREOLCOICAL IMFORMATION

Chroplo tomloiy:  KWAY BE HARMFUL BY INHALATION, IMOESTION, 05 SR ABS TSP TN,
Fioulss of axpocure:  Refer o sacfon 4.0 S06G for routes of sxposune and comespording Symohames.

1L ECOLOGICAL INFORRMATION

KicbilEy: VolsHie,
Parcicisnes and dagradabdity: Mo data oes labke,
Slcamumulattve polartal Mo data gealabbe,
Cthair adverns sMaois:  Diama mol Enown

1L DEPOIAL CONEIDERATIONE

Dleposal operatlons:  MATERLIAL SHOULD EE DISFOEED OF IN ACDOSDAMNCE ITH LODAL, STATE AMD
FECERAL REGLILATIONS
Dizpocal of peckaging: Dieposs of a3 special wasts In complaros wih inoal and nadoral reguiations Choarseal
faziary), shyte and local anyimonmanty) ragulsdors



AT et = e

HE: The users aHesbon s crasn bo e possble sstenoe of regional or naforal regulatons

SLFETY DATA SHEET

313 FTETRAALUCRCFROP-1-ENE

regarding dzposal

14 TRAMNEFPOAT INFORMATION

ADR I RID
UM mo: 1382 MADR Chass: 2
Clascleation opda: 17
3hipping name:  COMPRESSED GAS, FLAWRUSELE, MLCE.
Labslimg: 2.1 Hazard IDno: 33
Ll R T
UK mo: 1552 Clags: 21
Em3: FO54 Marins pollutant
Labalimg: 2.1
BATA FICAD
UK mo: 1552 Clags: 2
Packing Incbruntione: FORSIDDEM|PACA); 200
Labalbmg: 21

1E REQULATORY INFORMATION

Hazard symbole:

Flek phrasss:

Salety phracac:

Irrhianl.
Flammabie.

X

R1D: Flammaniz

RESIITVIEE Imfladng 1o ayes, respieabony system ans skin.

E16: Meep away Trom sources of [gnifion - Mo smoking.

EARGETIES Wear sullabls prolsciie dothing, gloreess ang e face prodection
£45: In cmse of accldent or B poas Tos=] unasd), sesk medical advice Immedately (show the labe

e pomsiblel

The reguiatony Imomation givwen aboee only Indicales =2 orincipal neguiatons specfoally
applcabie 4o e product descrited In the satety data sheet The users ali=nbon is drasn b
Iz pomsiols exisleros of addional orovislons which complete {nese reguiations. Refer tooal
aoplcabie rational, imsmalicnal and local regulations of prostsions.



U 2SIISI0T SAFETY DATA SHEET
1,33 FTETRASLUCROFROP-1-ENE Fag= 4

[ 12 oTHER INFoRMATION

Legal disalalrmsr:  The aboye informiabion s belleyed io be conmect ul doss not puperd o be all kduse= and skal
b= used only == a gukie, This comp-any shall not be kekdl labls for any camapes resullng from
handilng o fromn contact with the akzove product



3) MSDS for PAG oil ND8
12702881 1&5:11 DENS0 MR.S576 5.2/6

IDEMITSU KOSAN CO.,LTD. us

First dssue : FUTN 17, 1999
ST r s I —
MEDS Mo . - 32450035

Material Safety Data Sheet

1. CHEMICAL PRODUCT AND COMPANY IDETIFICATION.

N

Product nams : ND-OILS

Product code : 32450338

Company name :IDEMITSU KOSAN CO., LTD

Address : No.l-1,3-chome, Marunouchi, Chiyoda-ku, Tokyo, Japan
Telephone number :  +81-3-3215-3142

Telefax numbor : +81-3-3213-8415

2, COMPOSITION [ INFORMATION ON INGEEDIENTS.

Substance f Mixture :  Mixture
Hazardousandior Regulated Components

Component Chemical name Wee | CAS No.
Synthetic Ol Pulyether >05 | 24989181-5
|
Additives <5 _1
A |
Composition comment

This components are included US. TSCA and EINCS Inventory.

3. HAZARDS IDENTIFICATION.

Emergency overview :
Potential Health effects
Evye : Notexpectad to cause prolonged or significant eye irritation
Skin: There is likely to be a mild irritation wheu thore is contact for long period § of
time or repeated contact.
Mot expected o be harmful to interval organe if absorbed through the ekin.
Ingestion: Mo data available,
Imhalation: No data available.



12.JUL.2801  16:11 DEMNZ0 HR. 576 5.3/6

IDEMITSU KOSAN CO_,LTD. o
' First issue :  JUN 17,1999
Revised : cerssesssmnscas
MSNSE Mo . - 2450258

..... samm 0 R

4. FIRST AID MEASURES.

_— B L LT T T T T ——

Eve comtact : Flush eyes with froeh water for at least 16 minutes,
then seek medical attention.
Shin contact : Waah contact areas thoroughly with soap and water
Inhalation : Remove o fresh air. Cover the vietim's body with blankst,
rest in keeping warm, and seek medical attention immediately
Ingestion :1f swallowed, do not induce vomiting. Sesk medical atrention immediataly.
If contaminated in mouth, flush thoroughly with water

5. FIRE-FIGHTING MEASURES,

FLAMMABLE PROPERTIES -

Flash point and Method : 204°C (COC)

Flammahle Limits : No data avsalahls

Extinguishing media : COj, Dry Chemical, Form and Water Foe.

Fire fighting instructions :
For fires iawvolving this material, do not enter any enclosed or confined fire space
without proper protective equipment, incleding self-contnined breathing
apparatus. ‘

Combustion products :
"Normal combustion forms carbon dioxide and water. Incomplets combustion can
produce carbon monoxide.

8. ACCIDENTAL RELEASE MEASURES.

Eliminate all open flame in viciaity of spill or released vapor, Stop the source of the
leak or release Cleoan up roléasés as soon a8 possible, observing précaution
Exposure Controla/Personal Protecton. Contain ligquid to prevent further
contamination of soil, surface water or groundwster. Clean up small spills using
appropriate techninues such as absorbent materials or pumping. Where feagibla and
appropriate, remove contaminated soil.  Follow preseribed procedures (or reporting
and responding to larger raleases.

11



VADOr pregsure @ < o IUNOE | @& L )

Boiling point

Pour point.
Solubility :
Density -

Viscosity :

= 250°¢ (IBP)
-45.0

Inesluble in water
1.00 giem® ( @15°C )
433 mm¥s ( ®40C )

12



13



14



4) MSDS for R744
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5) MSDS for R134a
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6) 2,3,3,3-Tetrafluoroprop-1-ene container stickepicture
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