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in a simulated front end collision situation

Martin Graz, Uwe Wuitz
OBRIST Engineering

Introduction

A flammability investigation of three different refrigerants for Mobile Air Conditioning was carried out. In a
first step the actual safety level of R134a was investigated. The results were put in relation to the two possible

alternatives R744 and 2,3,3,3-Tetrafluoroprop-1-ene (also called HFO-1234yf).
Test Setup — First Phase

A VW Lupo system was used to do the testing (Figures 1-2). The system was charged with refrigerant (500gr
for R134a and HFO-1234yf) and operated under real operating conditions (Pd ~15bar). As lubrication
medium PAG oil ND8 (135ml for all tests) was used. A possible leak of the refrigerant caused by a front end
collision was simulated by a release of refrigerant through a manually operated valve onto a hot surface. Such
a front end collision can rupture a refrigerant line and release the refrigerant-oil mixture into the engine
compartment. The released refrigerant-oil mixture was directed to a hot surface simulating a turbo charger or
hot exhaust manifold. The surface temperature was measured and the temperature was adjusted through a

controller of the electrical powered heat source (Figures 3-4).
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Figure 1 R134a A/C system (VW Lupo) Figure 2 Test adaptations to R134a A/C system (VW Lupo)

The base line test with R134a (ignition temperature >743degC) and NDS8 (flash point 204degC) was carried
out to define the existing safety level in the vehicle. A surface temperature of 970degC was chosen. Under this

condition it was possible to show that the mixture could 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

- Testend 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 Background

R134a prevents the mist of oil and refrigerant vapor from ignition. During this test no flame propagation was
observed. It could be concluded that the use of R134a and NDS8 oil is safe up to surface temperatures of

970degC.

In a second test, R134a was replaced by R744 (charge of 50gr and additional R744 container of 20kg was
connected to the system) and the test was repeated at the same surface temperature of 970degC. Since the oil
circulation rate in a R134a system is higher (~4%) and more refrigerant is solved in the circulating oil than in
an R744 system, the risk of mist ignition and the causing of a pilot fire is reduced with the inflammable
refrigerant R744. In a normal operating, R744 system pressures are higher than in the one used during the test.
However, the lower-than-normal pressures of the R744 system are considered to increase the risk of ignition
since a higher pressure would cause also higher release speeds and therefore reduce the probability to ignite
the mixture. In the test the release pressure was stabilized to 20bar. No misting was observed and no ignition

was observed.

The third test was carried out with 2,3,3,3-Tetrafluroprop-1-ene (also called HFO-1234yf and having a flash
point of ~400degC). Miscibility and solubility characteristics with ND8 are considered to be similar to R134a.
During the testing an ignition was observed and the flame propagation and the flammability envelop was

judged to be substantial.

Conclusion First Phase

R134, having an Al rating (not flammable according to ASHRAE safety standard), cannot be ignited during
an accident simulation (vehicle front end) and under realistic operating conditions including circulating oil.
R744, having also an Al rating, behaves similar to R134a and the risk of ignition can be judged to be lower
than with R134a. R744 is therefore generating an improved safety level. The HFO-1234yf, with a probable
ASHRAE safety rating of A2 or an even lower safety level in terms of flammability and toxicity (toxicity

testing not completed) clearly increases the risk of a pilot fire after a front end collision.



Test Setup — Second Phase

In a second level testing the release of HFO-1234yf oil mist onto a surface with lower temperatures was
investigated. The temperature was reduced to 800degC in order to simulate an operating turbo charger hit by a
mixture of tetrafluoro-1-propene and PAG oil NDS. In this scenario the mixture was again ignited. The flame
propagation and the flammability envelope lead to the conclusion that this pilot fire had caused a secondary
fire in the engine compartments. It could be concluded that by using HFO-1234yf, today’s high safety level in
terms of flammability would be significantly reduced, causing an increased vehicle damage after moderate

front end collisions and putting human life at risk.

In a next step, the temperature was reduced to 600degC (simulating a hot exhaust manifold). Also in this setup
the refrigerant oil mixture was ignited. The flame propagation was substantial and even so the flammability

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

Conclusion Second Phase

It can be concluded that 2,3,3,3-Tetrafluoroprop-1-ene (HFO-1234yf) used as a refrigerant in a vehicle
application reduces significantly today’s safety level in terms of flammability. Possible implications are
increased insurance premiums since the cost for repair will be increased. Further investigation is necessary on
the implications for persons being present in confined spaces, e.g. during accidents in tunnel or garages, when
such a fire happens (due to the low LC50 values of the thermal decomposition products). The risk of a pilot
fire caused by a front end collision in a vehicle using HFO-1234yf is significantly increased. A risk that the
pilot fire causes a secondary fire became clearly visible during testing and is highly possible (the flames

consumed the polycarbonate indicator panels and the operational wire harness).

Background

Pure NDS8 oil was released without refrigerant to the 600degC surface. The oil was ignited. The flame
propagation and the flammability envelope were judged to be moderate but the burning oil will provide the

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

An additional flammability test of pure HFO-1234yf was conducted using a cigarette lighter. The refrigerant
was ignited and flame propagation was observed. The person handling the test was equipped with an active
carbon filter mask and fire protective gear. The reason for the mask and protective gear was that the thermal
decomposition products of HFO-1234yf are Hydrogen fluoride (HF) and Carbonyl fluoride (COF2). These
substances have a LC50 (lethal concentration) value at 1h of 966 ppm and Carbonyl fluoride (COF2) is



having a LC50 value at 1h of only 360 ppm. LC50: 50% of an animal population dies within 1h if the

atmosphere contains the indicated amount of the substance in ppm.

Technical Development Direction

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

heat exchanger.

Outlook

In a next phase, side impact collision will be investigated during which refrigerant lines inside the passenger

compartment are ruptured.
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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: C;H,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 Chemical Formula C;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
12.JUL_2e@1 16:11 DEMSO MLS?E  S.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.2881 16:11 DEMNZ0 HR. 576 5.3/6

IDEMITSU KOSAN CO_,LTD. s
' First issue :  JUN 17,1999
Revised : cerssesssmnscas
MSDS Mo .- 92450338

_— 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,

FLAMMAELE PROFPERTIES =

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

6. ACCIDENTAL RELEASE MEASURES.

Eliminate all open flamo in vicinity 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 techniques such as absorbent matarials or pumping. Where feasihla and
appropriate, remove contaminated soil.  Follow preseribed procedures (or reporting
and responding to larger raleases.

11



2. JL.2a@1 16812 DEMSO MR. 576 S.4%-

IDEMITSU KOSAN CO. LTD. o
First isse . JURY 17,1940
- Reviged : oreeems -

MBDSNo .. 32450338

7. HANDLING AND STORAGE

fesmssssssssssms e marm

Do ot weld, beat drill container . Reddue may ignite with explosive violence of
heated smuficiently
CAUTION : Do net use prossurd to empty drum or may rupture with explosive
force,

8. EXPOSURE CONTROLS / PERSONAL PROTECTION.

masmaawn

Engineering Controls :
Use adequate ventilation to keep the airbarns concentrations of this material
below the recommended oxposure stamdard.
Porsonal protective equipment o
Eye/ Face Protection :
No special eye protection is usually necessary. Where splaghing is possible
wear safety glasses with side shields as a pood safety practice.
Skin protection :
Mo specal protective dothing is normally requived.  Avoid prolonged of
frequently repeated skin contact with this matarial
Skin contact can be mindimized by wearing protective clothing.
Eespiratory protection -
o resprratory protection 1s usnally necessary.  Howewver, if operating
conditions eveate hich airborne concontrations , the use of an approved
respirator is required. '

8. PHYSICAL AND CHEMICAL PROPERTIES.

FPhysiral description :
Light yellow liquid with characteristic order.
Vapor preasure : < 5 mmHg (@20 G )
Boiling point : = 250°C (IBP)
Pour point. : -45.0
Solubility : [nssluble in water
Density - 1.00 giem® ( @15°C )
Viscogity : 43.3mmfs( ®40C) | _

12



12_JUL_2@881 16:12 DEMSO NR. 37 e 5.5/8-

IDEMITSU EOSAN CO.,LTD. 45

_ First e - JUIW 17,1990
Bevided = e
MSDSENo.: 32450038

namwnEerem e

10, STADILITY AND REACTIVITY.
Hazardous decomposition products : No data availahle
Chemical stability - Stable
Condition to avoid : Ne dacta available
Incompatibility with other materials : May react with strong oxidizing azent,
such as chlorates, nitrates, peroxides, ete,

Hazardous polymenization : Polymerrzation will net oecur.

0 B

11. TOXICOLOGICAL INFORMATION.

EEEmacr e arssssESSsTTSTEEETEEEE TR EEE RS

Eye effocts : No product toxicology data available.
The hazard evaluation was based on data from similar materials. =
Skin effects : Very mild irritant to the skin.
The skin irritation hazard is bases on data for a similar materials.
Acute oral effects - The acute oral toxscity is based on data for @ cimilar matenale,
Acute inhalation effects : The acute mhalation is based on data for 2 similar materials,
Additional toccology information -
None of the oils requires a cancer warning under the OSHA Hazard Cammunication
Standsrd(29 CFR 1910.1200). These oils have not been listed in the National
Toxicology Program(NTF)Annual Report and the International Agency for Resareh
on Cancer(IARC)

12. ECOLOGICAL INFORMATION.

Feotoxdeity @ INo data available,
Environmental fate : This material is not expected to be readily biodegradable.

13. DISPORSAL CONSIDERATIONS.

Place contaminated material in dispoeable containers and disposs of in 4 manner
consistent with applicable regulations. Contact loca) environmental ar health
authorities for approved disposal of this materials.

13



12.JUL.2881  16:12 DENSO HR.575 S. 656

IDEMITSU KOSAN CO.,LTD. 5/5
First issue :  JUN 17,1999
e T —
MSDENo.: 32450038

14. TRANSPORT INFORMATION.
Thao description shown may not apply to all shipping situations. Consalt 48CFR, or
Dangerous Goods Regulations, for additional description requirements
(e,g., toechnical nama) and mode-specific or quantity- specific shipping requirements.
UM No. : Not applicable

T T T N e S T R L T T T R T T A SR T T IR O TR TR T A faried fETERIETTIITEE

15. REGULATORY INFORMATION.

None of the listed components of this material are found on the regulatory lists
mdicates

16. OTHER INFORMATION.

NEPA RATINGS : Health 1 Flammability 1 ; Reactivity 0 ;
HMIS RATINGS :  Health 1 : Flammability 1 Reaetivity O
These values are obtained using the guidelines or published evaluwation prepared
lby the National Fire Protection Association (NFPA) or the National Paint and
Coating A ssociation (for IMIS ratings).

The Safety Dats Sheat for Chomieal Produets 12 pravided w companiez.  That handle
dangerous and toxic us reference information for eafe handling.  We recommend the
companies o utilize the data upon understanding that the product handling requires
appropriate treatment according to and conditions, and should be @one on your own
respongibility. Therefore the data sheet iteell constitute a guarantee of safery

14



4) MSDS for R744

A

. AIR LIQUIDE

Fage  1./4

SAFETY DATA SHEET

Revised edition no - 1

Date . 15/7T/2005

Supersedes - 0/0/0

Carbon dioxide ALO18A

Label 2.2 Nen
Aarnmshla, non fre e
[-EE

I 1 IDENTIFICATION OF THE SUBSTANCE / PREFARATION AND OF THE COMPANY / UNDERTAKING

Trade name

MSDS Ne

Chemical formula
Company identitication

Emergency phone nr

. caroon dioxide
CALUT3A

S L2

CAIR LIQUIDE 5A

lrence
See paragraph 16 "OTHER INFORMATION"

. See paragraph 16 "OTHER INFORMATION"

I 2 COMPOSITION / INFCRMATION ON INGREDIENTS

Substance / Preparation . Subslance.
Substance name Contents CAS No EL Mo Index Mo Zlassmicaton
Carbon dinyide 100 % 174388 M4RSRA 0

Contains no other components or impurities which will influence the classification of the product.

I 3 HAZARDS IDENTIFICATION

Hazards identification

. Liguefied gas.

In high concenfrations may cause asphyyiaton.

4 FIRST AID MEASURES

First ald measures
- Inhalatlon

- SKin/eye contact

- Ingastian

~Inhign concentrations may cause asphyxlaton. Symptoms may Include [05s o

moebility/censciousness. Victim may not be awarc of asphyxiaticn.

Low concentraions of COZ cause Increasec respiraion and headache.

Remove victim to uncontaminated area wearing self containzd breathing
apparatus. Keep victim warm and resied. Call a doctor. Apply artificial respiraticn if
preathing stopped.

Chmmed  lely Tush eves thoroughly willb wa e Tor al leasl 15 minules
In case of frostbite epray with water for a2 lzast 15 minutes. Apgly a stzrile dressing.

QObtain medical assisEance.

- Ingestion 1s not considered a potental route of exposure.

I 5 FIRE-FIGHTING MEASURES

Flammable ¢lass

Specific hazards

Hazardous combustion products
Extinguishing media

- Suitable extinguishing media
Specific methods

- Non flammable.
. Cxposure 1o fre may cause containers o rupturefexplode.
: None.

o All known extinguishants can be used.
o IF possible, stop flow of product.

Move away from the container and cool with water from a protectad pesition.

AIR LIQUIDE SA

Franze

15



A

. AIR LIQUIDE

Page:2/4

SAFETY DATA SHEET

Revised edifion no - 1

Date : 15/7/2005

Supersedes : WDV0

Carbon dioxide ALO1B8A

| 5 FIRE-FIGHTING MEASURES (continued)

Special protective equipmen
figkhters

tfor fire : Inconfined space use self-contained breathing apparatus.

| & ACCIDENTAL RELEASE MEASURES

Perzsonal precautions

Enwiron mental precautions

Clean up methods

! Evacusts area
Wear self-contained breathing apparatus when entering area unless atmosphere is
proved to be cafa.
Ensure adeguate air ventilation.

: Try to stop release.
Prevent from entering sewers, basemsnts and workpits, or any place where its
accumulation cam be dangarous.

: Wentilate area.

7 HAMDLING AND STORAGE

Storage
Handling

: Heep container below 50°C in a well ventilated place.
: Suck back of water into the container must be prevented.
Do net allow backfeed infe the container.
J=e only properly specified equipment which is suitable for this preduct, its supply
pressure and temperature. Contact your gas suppler if in doubt
Refer to suppliers container handling instructicns.

§ EXPOSURE CONTROLS /P

ERSOMAL PROTECTION

Personal protection

: Ensure adeguate ventilation.

Occupational Exposure Limits : Carbon dioxide : TLVE -TW A [ppm] - 5000

Carbon dioxide : TLVE -5TEL [ppm] : 30000
Carbon dioxide : OEL (UK)-LTEL [pprn] - 5000
Carbon dioxide : DEL {UK)-STEL [ppm] : 15000
Carbon dioxide : MAK - Germany [ppm] : 5000

9 PHYSICAL AND CHEMICAL

PROPERTIES

Physical state at 20 °C

: Liguefied gas.

Colour : Caolourless.
Odlafu)r : Mo odour waming properties.
Maolecullar weight s 44

Melting point [*C] : -5E.6

Boiling point [FC] 1 -TRE (=)
Critical temperature [*C] - 30

Vapour pressure, 20°C : 57.3 bar
Relative density, gas (air=1) : 1.52

Relative density, liquid (water=1) . 0.B2

Solubility in water [mg/l] : 2000
Flammability range [vol% in air] : Maon flammable.

Other data

: Gasivapour heavier than air. May accumulate in confined spaces, particularly at or
below ground level.

AlR LIGUIDE SA

France
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m AIR LIQUIDE

Page:3/4

SAFETY DATA SHEET

Revicad edifion no - 1

Date - 15/7/2005

Supersedes : 0070

Carbon dioxide ALO18A

| 10 STABILITY AND REACTIVITY

Stability and reactivity

. Stable under normal conditions.

| 11 TOXICOLOGICAL INFORMATION

Toxicity information

: In high comcentrations cause rapid circulatory insufficiency. Symptoms are

headache, nausea and vomiting, which may lead to unconsciousness.

| 12 ECOLOGICAL INFORMATION

Ecological effects information
Global warming factor [C02=1]

. When discharged in large quantities may contribuie to the gresnhouse afect.

| 12 DISPOSAL CONSIDERATIONS

General

: Do net discharge inte any place where its accumulation could be dangerous.

To atmosphers in a well ventilated place.
Discharge to atmosphers in large gquantities should be avoided.
Contact supplier if guwidance is reguired.

14 TRANSPORT INFORMATION

UM Mo.

H.IL nr

ADRRID

- Proper shipping mame

-ADR Class

- ADR/RID Classification code
- Labelling ADR

Otheer transport information

. 20

013

: CARBOM DICXIDE

P2

D 2A

: Label 2.2 - Hen flammable, non toxic gas.

: Avoid transport on vehicles where the load space is not separated from the driver’s

compartment.

Enswre vehicle driver is aware of the potential hazards of the load and knows what
o do in the event of an accident or am emergency.

Before transporting product containers :

- Enizure that contziners are firmly seourad.

- Ensure cylinder valve is closed and mnot leaking.

= Ensure valve outlet cap nut or plug (where provided) is correctly fitled.

- Ensure wvalve protection device (where provided) is correctly fitted.

- Ensure there is adequate ventilation .

- Compliance with applicable regulations.

15 REGULATORY INFORMATION

EC Classification

EC Labelling
- Symbaol(s)

- R Phrase(s)
- 5 Phrase(s)

: Mot classified as dangerou s preparation/subsiance.

Mot included in Annex |

: Mo EC labelling required.
: Mone.
: Mane.
: Mone.

AIR LIQUIDE SA

France
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SAFET""r DATA SHEET Revised edition no - 1

AlR LID'«.JI DE Date : 15/7/2005

Supsrsedas ¢ 0I0VD

Carbon dioxide ALO18A

16 OTHER INFORMATION

Asphiyxiant in hagh concentraticns.

Heep container in a well-ventilated place.

Do not breathe the gas.

Contact with liguid may cause cold bums/frostbite.

Enswre all nationallocal regulations are cbserved.

The hazard of asphy=iation is often owerlooked and must be stressed during operator training.

This Safety Data Sheet has been established in accordance with the applicakle Eurcpean Directives and applies to all
countries that have translated the Directives in their national laws.

Before using this product in any new process or experiment, a thorough material compatibility and safety study should be
carriad out.

Details given in this document are belisved to be corract at the fime of going to press. Whilst proper care has been takem in
the preparation of this document, no liakility for injury or damage resulting from its use can be accepted.

Recommended uses and restrictions . This S0F is for infermation purpeses enly and is subject to changs without nofics. [

Prior fo purchase of products, please contact your local AIR LIQUIDE office for a
complete 505 (with Manufacturer's name and emergency phone numkber).]

End of document
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5) MSDS for R134a

The MEDS format adheres to the standards and regulatory requirements
of the United States and may not meet regulatecry raquirements
in other countries.

DuPent Page 1
Material Safety Data Zhest

"SUVA" 134a AUTO
2138FR Revised 18-APR-2007

Material Identification

"SUVA" iz a trademark of DuPont.

Corporats MSDS Number + DUOOORS3

CAS Humbar + B11-87-2

Formula 1 CH2FCF3

CAZ Name : 1,1,1,2-TETRAFPLUOROETHANE

Tradenamas and Synonyma

"STUVA" 134a
HFC 134a

Cempany Identification

MANUFACTURER/DISTRIBUTCR
DuPont Fluoroproducts
1007 Market Street
Wilmington, DE 19858

FHONE NUMEERS
Product Information : 1-800-441-7515 (outeide thas U.S.
302-774-1000)
Traneport Emergency : CTHEMTREC 1-800-424-5300(cutside U.S.
T03-527-3887)
Medical Emergency : 1-800-441-3637 (outeide ths U.S.
302-774-1000)

Componenks

Material CAS Numker %

ETHANE, 1.1,1,2-TETRAFLUORO- 811-37-2 100
(KHFC-134a)

Fotential Hsalth Effecte
INARLATION

ETHANE, 1,1,1,2-TETRAFLUORD-



i1UEFR Dukont Page 2

Materlial Safety Data theet
IHAZARDS IDENTIFICATION - Zontimued)

Groga SVersxposurs may 2&usse: Central nervous syetem deprsasion
with dizziness, confueisn, ilnecerdinatica, drowelness or
unconaciousness. Irregilar heart beat with a strange senszation in
the chest, "heairt thumping", apprehensicn, lightheadednesz,
fesling of failrting, dicziness, weakness, sometinss progrssalng to
loge of conscilousness and death. Sutiocation, i1t alr is displace:
by wapara.

SEIN COMTACT

ETHAWE, 1,1,1,:-TETRAFLIORO-
Immediate effecte of overexposure may inzlude: Freatbite, i1f
liguid or escaping wapor contacta the skin.

ETE COHNTACT

ETHAWE, 1,1,1,:-TETRAFLIORO-
"FProatolte-like” effects may occcur 1f the liguid or escaping
vapora contact the eyea.

ADDITIOHMAL HEARLTH EFFECTS

ETHAWE, 1,1,1,:-TETRAFLIORO-
Increazed susceptlibility to the effecte >f this material may be

obeerved in persons witih pre-existing dissase of the: central
narvouz system, cardicvascular system.

Carcinogeniclity Informatien

Hone of the comporente present in this material at concentrations
aqual to or greater than 0.1% are listed by IARS, WIP, OSHA or ACGSIH
ag & carcinogen.

Firet Aid
INHALATION

If high concentraticme are inhaled, ilmmediately remowve to fresh
alr. FEesp person calm. If not breathiny, glwve srtificial
regpiration. If breathing 1es difficult, give cxygen. Call a
phyeician.

SEIN COMTACT

In case of contact, immsdiately flush skin with plenty of water
for at least 1f minutea, while removing zontaminzted clothing and
ghosa. Call a phyesicilan. Wash contaminated clothing before
reuga. Treat for frostbite i1f recesesary by gently wamming
affected area.

ETE COHNTACT

20



Z1EEFR LuFont Fage 2
Material Safety Data Sheet

(FIRST AID MEASURES - Contlinuadl

In casse of contact, lmmediately f£lush eyes with plenty of water
for at least 15 minutes. Call a phyesician.

INGESTION
Ingsation is mot coneldered a potential route of exposurs.
Hotes to Physiclans
Becauass of posalble disturbances of cardiac rhythm, catecholamins

drugs, such as sepinephrinse, should only be used with special
aautisn in pituatisng of amergency lifs aupport.

Flammalk:le Propertiss=

Flagh Polnt 1 W flasgh point
Flammable Limitz im Alr, % by Volums:

LEL 1 Home per ASTHM Ecfl
TEL 1 Home per ASTHM Ecfl
muitolgnition 1 2743 C(>1368 F)

Fire and Exploalon Hazards.

Cylindere may rupturse under fire condition=. Decompoeslticon
may ocour.

Contact of welding or scldering torch flame with high
concentrations of refrigerant can result im wiegidkle changes
in the =ize and color of torch flames. This flame affect
will only occcur in concentrations of product well abowe the
recommandsed exposure limit, thersfore stop all work and
ventilate to disperese refrigerant vapore from the work area
before ueing any open flames .

HFC-134a ieg not flammable in alr at temperaturss up ko

100 deg. © (212 deg. F) at atmoespheric pressurse. However,
mixturez of HFC-134a with high concentratione of alr at
a@levated pressure andfor temperature can becoms combuestible
in the presence of an ignition scurce. HFZ-134a can

ale> become combustibkle in an oxygen enriched soviromment
{ceyrgen concentratlone greater than that im alr). Whether a
mixture containing HPC-134a and alr, or HFC-134a in

an oxygen enriched atmeoaphere become combusztible dependes on
the inter-relationship of 1) the temperature 2) the
pragaurs, and 3) the preportisn of axygen in the mixkurs. In
general, HFC-134a should not be allowsd te exist with

alr abeove atmospheric pressure or at high temperatures; or
in an swpgen anrisched amvirenment . Por axampls HPO-134a
ghould HOT be mixed with alr under pressure for leak testing
or =ther purpocassz.



Z1REFR Dukont Page 4

Materiml Safety Data Sheset
(FIRE PISHTING MEAIURES - Continued)

Experimental data have al=oc besn reported which indicats
combuatiblility of EPC-134a in the presence of certain
concentrations of chlorins.

Extinguishing Media
Tes media approprilate for surrounding material.

Fire Fighting Inatructicns
Col tank/contalmer with water espray. Self-contained breathing
apparatue (SCEBA) may be reguired if cylinders rupture or relesass
under fire conditions.

Water runoff should ke conmtained and neutralized prior to
releasa .

NOTE: Review FIRE FIGHTING MEASURES and HANDLING (PERSONNEL)
gections before proceeding with clean-up. Use approprlate
PERESOHAL PROTECTIVE EQUIFMENT during clesan-up.

Ventilate area, sgpeclally low or enclosed places where heavy

vapore might ecollect. Remove open flamsa. Tee gelf-contained
breathing apparatus (5CBA) 1f large spill or leak occcurs.

Tew with sufficient ventilatiom to keep emploves exposurs below
recommandsd limikts.

Handling (Phyedical Repaota)

HFC-134a should mot e minmed with ailr for leak teating or used for
any other purpose above atmospheric pressure. Sees Flammable
Properties gectlion. Contact with chlorine or other strong
oxidizing agents2 should also be avoilded.

# Storags

Store in a clean, dry place. Do not heat above 52 © {(1ds Fi.
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2188FER DuFPont Fage L
Material Safety Data Shest

(HANDLING AND STORRGE - Continued)

Valve protection cape and walve cutlet threaded plugs must
remain in place unlese contalner iz secured with valwve
outlet piped to uese poimt. Do HOT drag, slide or roll
cylindere. Uae a sultabkle hand truck for cylinder movemsnt.
Wever attempt to lift cylinder by ite cap. Tee a pressurs
reducing regulator when comnecting cylinder to lowsr
pressure (=3000 pelg) piping or systems. Do WOT heat
oylinder. Tee a check walwve or trap in the diescharge line
to prevent hazardous back flow into the cylinder.

Cylindere should be stored upright and firmly secured to
prevent falling or being knocked cver. Separate full
containers from empty contalners. Storage area temperatursa
gshould not excesed 126 deg F (62 deg <) and should ke fres of
combuatible materials. Aveold area where salt or other
corrcaive materials are present. Avold sxcessive dmventory
and storage time. Uee a firet-in firet-ocut system. Feep
accurate inventory records.

Wormal ventilation for satandard manufacturing procedurss is
generally adeguatse. Local exhaust should be used when large
amounts are releassd. Mechanlcal ventilation should be used in
low or enclosed places. ERefrigerant concentration monitors may be
neceagary to detemrmine wapor concentrationsg in work areas prior to
uge of torchea or other cpen flames, or 1f employessz are entering
encleaad areas.

Persgconal Protective Equipment

Impervious gloves and chemical aplash goggles should be used when
handling liguid.

Tnder nomal mamifacturing conditione, ne respiratory protection
ie regquired when using thies product.

Self-contained breathing apparatusz (SCBA) 12 regquired 1f a largse
ralesass occura.

Exposure Guldslines



i188FR DuFPont Fage [
Material Safety Data Sheset

Exposure Limite
"gUvA" 134a AUTO
PEL {OSHA)

TLV {BROGTIE)
AEL * (DuPcrt)
WEEL (ATHA)

Hone Establiehed
Hone Establiehed

I
I
1 1000 ppm, 8 & 12 Hr. THWA

1 1000 ppm, ¥ Er. TWA

* AEL 12 DuPcnt's Acceptable Exposure Limit. Where governmental ly
impoasd ocovpational exposure limite which are lower than the AEL
are in effect, such limites shall take precedence.

Phyeical Data

Bolling Point 1 -26.5 © (-16.7 F) @ 736 mm Eg
Vapor Pressurs 1 98 pela @ 25 ¢ (7T P
Vapor Densilty p 3.6 (ARdr=1.0) @ 2B < (77 F)
% Volatiles i 100 WT%
]

Solubility in Watar 0.15 wr% @ 26 C© (77 F)
@ 14.7 p=ia

odor Ether (=2light).
Form Liguified Gas.
Color Colorless.

Liguid Deneity
Specific Gravity

1.21 gfemd @ 236 C (77 F)
1.202 @ 77 F 128 )

Evaporation Rate 1 (OCL4 - 1); greater tham 1

Chemical Stability

Stable.
fondltione ta Eeadd

Avold open flames and high temperatursa.
Incompatibility with Other Materiala

Incompatible with alkall or alkaline sarth metales - powdered Al,
Zn, Ee, aktc.

Iacompoaltion

Decompogltion producte are hazardeus. Thisz material can be
decompoged by high temperatures (open flames=, glowing metal
surfaces, ete.) forming hydroflucric acid and possibly carbonyl
flucride.

These materials are toxlc and irritating. Contact shculd be
avolded.
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2188FER DuFont FPage 7
Material Safety Data Sheet

(3TABILITY AND REACTIVITY - Continued)
Polymerization

Polymerization will mot oocour.

Animal Data
ETHARWE, 1,1.1,2-TETRAFLIORD-
EYE:

A short duration spray of vapor produced wvery elight eye
irritatdien.

SEIHM:

Animal testing indicateas this material i1a a elight =2kin irritamnt,
but not a skin sensitizer.

INHALATICH
4 heur, ALC, rat: BaT7,000 ppm.

Single exposure caused: Cardiac seneltization, a potentially fatal
disturbance of heart rhythm asscclated with a helghtened
geng@ltivity to Che action of eplnephrine.
Lowssat-Obeerved-Adverse-Effect-Level for cardiac sensitization:
76,000 ppm. 28ingle exposurse caused: Lethargy. Harcosise.
Increased resplratory rates. These effects were temporary.
Single exposure to near lethal degses caused: Pulmonary edema .
Repeated exposure cauged: Imcreased adrenals, liver, eplesn
walght. Decreased uterins, prostate welght. Repsated dosing of
higher concentratione cauged: the following temporary effects= -
Tremors . Incoordination.

CARCINOGENIC, DEVELOFMENTAL, REFRVDWITIVE, MUTAGENIT EFFECTI

In & two-year inhalation gtudy, HFC-134a, at a concentratiom of
B0, 000 ppm, produced an increase 1in late-coccurring benlgnm
teeticular tumocrs, testicular hyperplasia and testicular weight.
The no-effect-level for thie etudy wae 10,000 ppm. Anlmal data
gshow slight fetotoxdeilty but ocnly at exposurse levels producimg
other toxic effecte in the adult animal. EReproductive data on
male mice shows Mo change im reproductive performance. Teste have
ghown that thia material dose not cause genetlec damags in
bacterial or mammalian cell culturee, or in animala. In animal
testing, this material hag mot caused permanent genetilc damage in
reproductive celle of mammale (haz2 mot produced heritable gemetic

damage) .
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LuFPont Fage g

Materlal Safety Data Sheet

Ecotoxiceloglical Information

AQUATIC TOXICITY s

42 heur BCEO - Daphnia magna: 920 mg/L.
9% heur LOED - Ralnkow trout: 450 mg/L

Waste Diaposal

Contaminated HFC-134a can be recevered by distillation or remowved
to a permlitted waste disposal facllity. Comply with Pederal,
State, and local regulations.

Shipping Information

LT/ IMO

Proper Shipping Hame
Hazard Class

TH Ho.

LOT/IM0 Label

Shipping Contalners

Tank Cars.

Tank Trucks.

Ton Tanks.
Cylindere.

1,1,1,2-TETRAFLUORCETHANE
2.3

£ N1

NONFLAMMABLE GRS

U.5. Pederal Regulations

TECA Inventory Status

Reported/Included.

TITLE III HAZARD CLASSIFICATIONS SECTIONS 311, 212

Acuts
Chromic
Firs
Reactivity
Fregsurs

HAZARDOUS CHEMICAL LISTS

YTas=
Yaz
Ho
Ho
Yaz

SARA Extremely Hazardous Substance: Ho

CEECLA Hazardous Substancea
SAFRA Toxle Chemical

1 Ho
1 Ho
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2188FER CuFPonk Fage a
Material Safety Data Shest

HFPA, HFCR-HMIS

HFCA-HMIS Rating
Health
Flammability
EBeactivity

Ho e

Pergonal Protectlon rating to be supplied by user depending on uss
conditions.

Additiocnal Information

HMEDICAL TSE: CAUTION: Do not uss in medical applications
involving permanent implantation in the human body. For other
medical applications ses DuPont CAUTION Bulletin Hoe. H-50102.

The data in this Material Safety Data Sheset relates omly to the
gpecific material designated herelin and doss not relakse to use in
combination with any other material or in any process.

Eespongiblility for MSDE 1 MSDS Coordinater

= 1 mPont Fluoroproducts
Addreas= 1 Wilmington, DE 19808
Telephons i (B00) 441-7E15

# Indicates updated section.

This informaticn 1 based upon technical informaticn bellieved to be
raliable. It i2 subject to revialon as additicnal knowledgs and
experience iz gained.

End of MSDS
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6) 2,3,3,3-Tetrafluoroprop-1-ene container sticker picture

2‘3‘3‘3-TET'RAFLUOROPROP-1.ENE
QTY 2Kg BNO Q148-40 Codo PCoger
Flammabie Imitating® eyes 4

respiratory system emu skin

Keep away from sources of ignition - |
No smoking Weer sulebie protectve |
clothing. gloves and eye / face i
protection In case of accident or if

you feel unwell, seek
Immedietely (sow the Iabel where
POsSible)

Gross Weight ;X[ig
(with cap) o
Tare Weight 80 ‘

(with cap)
Net Weight

respiratory system i
Keep away from sou
No smoking. Wear §
clothing, gloves and

Immediately (show
POssIble).
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