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3.2 Products of Cl atom initiated oxidation of trans-CF3CH=CHF

The products of the Cl atom initiated oxidation of trans-CF3CH=CHF were studied
using the UV irradiation of trans-CF3CH=CHF/Cl2/O2/N2 mixtures. Mixtures consist-
ing of 6.6–8.4 mTorr trans-CF3CH=CHF, 102.9–134 mTorr Cl2 and 5–700 Torr of O2 in
700 Torr total pressure of N2 diluent were introduced into the reaction chamber and5

subjected to UV irradiation. Figures 4 and 5 show IR spectra at 675–1000 cm−1 and
1650–2000 cm−1, respectively, obtained before (a) and after (b) subjecting a mixture
containing 6.6 mTorr trans-CF3CH=CHF and 109 mTorr Cl2 in 700 Torr air diluent to 20 s
of UV irradiation. Comparison of the IR features formed in low and high [O2] experi-
ments revealed that four products were formed in the chamber; HC(O)F, CF3CHO,10

CF3C(O)Cl, and a product with a broad absorption feature in the carbonyl stretching
region centered at 1801 cm−1 which we attribute to the ketone CF3C(O)CHFCl. We
do not have a calibrated reference spectrum for CF3C(O)CHFCl. The concentration of
this compound in the chamber was estimated by assuming that the carbonyl stretching
band integrated absorption cross section at 1780–1820 cm−1 is the same as that in15

CF3C(O)CH2Cl (1.06×10−17cm molecule−1, Nakayama et al., 2007).
Figure 6 shows a plot of the concentrations of HC(O)F, CF3CHO, CF3C(O)Cl, and

CF3C(O)CHFCl versus the loss of trans-CF3CH=CHF observed following the UV ir-
radiation of a mixture of 6.61 mTorr trans-CF3CH=CHF and 109 mTorr Cl2 in 700 Torr
of air diluent. As seen from Fig. 6 the formation of HC(O)F, CF3C(O)H, CF3C(O)Cl20

and CF3C(O)CHFCl scaled linearly with the loss of trans-CF3CH=CHF over the range
of trans-CF3CH=CHF consumption of 10–95%. The linearity of the formation of
HC(O)F, CF3CHO, CF3C(O)Cl and CF3C(O)CHFCl suggests that loss of these com-
pounds via secondary reactions is not significant. This observation is consistent with
the fact that Cl atoms react much more slowly with these products than with the25

parent trans-CF3CH=CHF compound; k(Cl+trans-CF3CH=CHF)=(4.64±0.59)×10−11

(Søndergaard et al., 2007), k(Cl+HC(O)F)=(1.9±0.2)×10−15 (Meagher et al., 1997),
and k(Cl+CF3CHO)=(1.85±0.26)×10−12 cm3 molecule−1 s−1 (Sulbaek Andersen et al.,
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2004). Previous work has shown that CF3C(O)Cl is not lost by heterogeneous pro-
cesses, photolysis, or reaction with Cl atoms in the chamber (Møgelberg et al., 1995).

As shown in Fig. 7, the yields of HC(O)F, CF3CHO, CF3C(O)Cl and CF3C(O)CHFCl
varied with [O2]. In experiments with high [O2] the yields of CF3C(O)Cl and
CF3C(O)CHFCl increased at the expense of HC(O)F and CF3CHO. As in the case5

of the OH radical attack, the reaction of Cl atoms with trans-CF3CH=CHF is expected
to proceed via electrophilic addition to the terminal and central carbon atoms:

CF3CH=CHF+Cl → CF3CH(•)CHFCl (5a)

→ CF3CHClCHF(•) (5b)

The radicals produced in Reaction (5) will react with O2 to give peroxy radicals which10

will undergo self- and cross-reaction to give the corresponding alkoxy radicals (in the
equations below M represents a third body):

CF3CH(•)CHFCl+O2+M → CF3CH(OO•)CHFCl+M (6a)

CF3CHClCHF(•)+O2+M → CF3CHClCHF(OO•)+M (6b)

CF3CH(OO•)CHFCl+RO2 → CF3CH(O•)CHFCl+RO+O2 (7a)15

CF3CHClCHF(OO•)+RO2 → CF3CHClCHF(O•)+RO+O2 (7b)

Decomposition via C-C bond scission or reaction with O2 are likely fates of the alkoxy
radicals. The observed formation of the ketone CF3C(O)CHFCl in a yield which varies
with [O2] shows that CF3C(O•)HCHFCl radicals undergo reaction with O2 and decom-
position via C-C bond scission:20

CF3C(O•)HCHFCl+O2 → CF3C(O)CHFCl+HO2 (8)

CF3C(O•)HCHFCl+M → CF3CHO+CHFCl(•)+M (9)
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The CHFCl(•) radicals formed in Reaction (9) will add O2, undergo reaction with other
peroxy radicals in the system to give CHFCl(O•) radicals, and decompose via Cl
atom elimination to give HC(O)F (Tuazon et al., 1993). The data in Fig. 7 contain
information concerning the rate constant ratio k8/k9. The yield of CF3C(O)CHFCl,
YCF3C(O)CHFCl, can be described by the expression YCF3C(O)CHFCl=YCF3CH(O•)CHFCl5

(k8[O2]/(k8[O2]+k9))+C, where YCF3CH(O•)CHFCl is the yield of CF3CH(O•)CHFCl rad-
icals in the system, k8 and k9 are the rate constants for Reactions (8) and (9),
and C is the [O2] independent yield of CF3C(O)CHFCl (e.g., from self-reaction of
CF3CH(OO•)CHFCl peroxy radicals).

The curve through the CF3C(O)CHFCl data in Fig. 7 is a fit of the expression above to10

the data which gives k8/k9=(8.0±2.6)×10−19 cm3 molecule−1. This value can be com-
pared to the analogous rate constant ratio kO2/kdiss=(3.8±1.8)×10−18 cm3 molecule−1

measured for CF3CH(O•)CH2Cl radicals (Nakayama et al., 2007). The increased im-
portance of decomposition as an atmospheric fate of CF3CH(O•)CHFCl compared to
CF3CH(O•)CH2Cl radicals is consistent with theoretical work showing that the barrier to15

C-C bond scission decreases as the degree of fluorine substitution on the two carbon
atoms becomes more even and the bond becomes less polar (Somnitz et al., 2001).
The limiting value for the CF3C(O)CHFCl yield reached at high [O2] provides a measure
of k5a/(k5a+k5b)=47±7%.

Figure 8 shows the mechanism of Cl atom initiated oxidation of trans-20

CF3CH=CHF which is consistent with our experimental observations. From
k8/k9=(8.0±2.6)×10−19 cm3 molecule−1 it can be calculated that in 700 Torr of O2 the
reaction with O2 accounts for 92% of the CF3CH(O•)CH2Cl radicals with decomposi-
tion accounting for the remaining 8%. Given the estimate of k5a/(k5a+k5b)=47±7%
we then expect a 4% HC(O)F yield resulting from addition of Cl atoms to the termi-25

nal carbon atom (left hand side of Fig. 8). Hence, we can attribute the bulk of the
approximately 40% HC(O)F yield in experiments in 700 Torr of O2 to the decomposi-
tion of CF3CHClCHF(O•) radicals. Decomposition via C-C bond scission is the domi-
nant fate of CF3CHClCHFO(•) radicals. Finally, the increase in the yield of CF3C(O)Cl
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with [O2] evident in Fig. 7 is consistent with the expected competition between reac-
tion with O2 and decomposition for the available CF3CHCl(O•) radicals. The yield of
CF3C(O)Cl, YCF3C(O)Cl, can be described by the expression YCF3C(O)Cl=YCF3CHCl(O•)
(k10[O2]/(k10[O2]+k11))+C, where YCF3CHCl(O•) is the yield of CF3CHCl(O•) radicals in
the system, k10 and k11 are the rate constants for Reactions (10) and (11), and C is5

the [O2] independent yield of CF3C(O)Cl.

CF3CHCl(O•)+O2 → CF3C(O)Cl+HO2 (10)

CF3CHCl(O•)+M → products (11)

The curve through the CF3C(O)Cl data in Fig. 7 is a fit of the expression above to the
data which gives k10/k11=(4.6±1.9)×10−19 cm3 molecule−1. This result is larger than10

the previous more direct determination of k10/k11=(2.1±0.4)×10−19 cm3 molecule−1

(Møgelberg et al., 1995). A likely explanation for this discrepancy lies in the indirect
and complex route by which CF3CHCl(O•) radicals are formed in the present system.
As indicated in Fig. 8, decomposition and reaction with O2 are possible competing
fates for CF3CHClCHF(O•) radicals. Increased loss of CF3CHClCHF(O•) via reaction15

with O2 at high [O2] will lead to a decreased yield of CF3CHCl(O•) radicals and hence
CF3C(O)Cl. The net effect will be to cause the CF3C(O)Cl yield to plateau at a lower
[O2] which will lead to an overestimation of k10/k11. To investigate this effect further
would require the use of [O2] levels higher than 700 Torr where a decrease in the yield
of CF3C(O)Cl would be expected with increased loss of CF3CHClCHF(O•) via reaction20

with O2. Such experiments are beyond the scope of the present work.

4 Atmospheric chemistry and environmental impact of trans-CF3CH=CHF

The present work improves our understanding of the atmospheric chemistry of trans-
CF3CH=CHF. The atmospheric lifetime of trans-CF3CH=CHF is dictated by its reaction
with OH radicals (Søndergaard et al., 2007) and has been estimated at approximately 225
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weeks. The OH initiated oxidation of trans-CF3CH=CHF gives CF3CHO and HC(O)F in
yields of approximately 100%. CF3CHO is removed from the atmosphere via photolysis
and, to lesser extents, reaction with OH radicals (Chiappero et al., 2006) and addition
of water to give the hydrate (Sulbaek Andersen et al., 2006). Photolysis gives CF3 and
HCO radicals (Chiappero et al., 2006) while reaction with OH gives CF3CO radicals.5

CF3 radicals will add O2 to give CF3O2 radicals which are then converted into COF2
(Wallington et al., 1994) which hydrolyzes to give CO2 and HF. CF3CO radicals will
add O2 to give CF3C(O)O2 radicals, the majority of which will be converted into COF2,
with a small fraction converted into CF3C(O)OH (Hurley et al., 2006) via reaction with
HO2 radicals. The hydrate, CF3CH(OH)2 is lost via reaction with OH radicals to give10

CF3C(O)OH (Sulbaek Andersen et al., 2006). The available data suggest that while
CF3C(O)OH is not a natural component of the freshwater environment (Nielsen et al.,
2001), it is a natural component of the background oceanic environment (Frank et
al., 2002), and any additional burden associated with trans-CF3CH=CHF oxidation
will be of negligible environmental significance. We conclude that the products of the15

atmospheric oxidation of trans-CF3CH=CHF will have negligible environmental impact.

Acknowledgement. M. S. Javadi, R. Søndergaard and O. J. Nielsen acknowledge financial
support from the Danish Natural Science Research Council for the Copenhagen Center for
Atmospheric Research (CCAR).
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Fig. 1. Infrared spectra acquired before (a) and after (b) UV irradiation of mixtures
34.9 mTorr trans-CF3CH=CHF, 82.3 mTorr CH3 ONO, 19.6 mTorr NO and 126 Torr O2 in 700 Torr
total pressure of N2 diluent. Panel (c) show the residual IR features after subtraction of fea-
tures attributable to trans-CF3CH=CHF, H2O, NO, and HCHO from panel (b). Panels (d) and
(e) show reference spectra of HC(O)F and CF3CHO, respectively.
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Fig. 2. Formation of HC(O)F (triangles) and CF3CHO (circles) versus loss of trans-
CF3CH=CHF observed following the UV irradiation of mixtures of 8.32–9.18 mTorr trans-
CF3CH=CHF and 109.1–113.8 mTorr CH3ONO in 700 Torr total pressure of air diluent at
296±1 K. The open symbols are results obtained in the absence of NO.
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Fig. 3. Mechanism of OH radical initiated oxidation of trans-CF3CH=CHF, boxes indicate ob-
served products.

1083

UNEP/OzL.Pro/ExCom/67/6 
Annex VII 

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/8/1069/2008/acpd-8-1069-2008-discussion.html
http://www.atmos-chem-phys-discuss.net/8/1069/2008/acpd-8-1069-2008-discussion.html
http://www.egu.eu
http://www.egu.eu


ACPD
8, 1069–1088, 2008

Atmospheric
chemistry of

trans-CF3CH=CHF

M. S. Javadi et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

EGU

0.00

0.01

0.02

0.03

0.04

0.05

0.00

0.05

0.10

0.15

0.00

0.05

0.10

0.15

A
b

s
o

rb
a
n

c
e

0.00

0.05

0.10

0.15

(a)

(b)

(d): CF
3
CHO

(c)

Wavenumber (cm
-1

)

700 750 800 850 900 950 1000

0.0

0.1

0.2

0.3

0.4

0.5 (e): CF
3
C(O)Cl

 

Fig. 4. Infrared spectra acquired before (a) and after (b) UV irradiation of 6.6 mTorr trans-
CF3CH=CHF and 109 mTorr Cl2 in 700 Torr of air diluent. Panel (c) show the residual IR fea-
tures after subtraction of trans-CF3CH=CHF from panel (b). Panels (d) and (e) show reference
spectra of CF3CHO and CF3C(O)Cl, respectively.
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Fig. 5. Infrared spectra acquired before (a) and after (b) UV irradiation of 6.6 mTorr trans-
CF3CH=CHF and 109 mTorr Cl2 in 700 Torr of air diluent. Panel (c) show a reference spectrum
of HC(O)F. Panel (d) show the residual IR features after subtraction of trans-CF3CH=CHF and
HC(O)F from panel (b). Panel (e) shows a reference spectrum of CF3CHO.
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Fig. 6. Formation of HC(O)F (triangles), CF3C(O)CHFCl (squares), CF3CHO (circles) and,
CF3C(O)Cl (crosses) versus loss of trans-CF3CH=CHF observed following the UV irradiation
of a mixture of 6.6 mTorr trans-CF3CH=CHF and 109 mTorr Cl2 in 700 Torr of air diluent.
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Fig. 7. Observed molar yields of HC(O)F (triangles), CF3CHO (circles), CF3C(O)Cl (crosses)
and CF3C(O)CHFCl (squares) versus the O2 partial pressure following the UV irradiation
of trans-CF3CH=CHF/Cl2/N2/O2 mixtures at 700 Torr total pressure. Curves through the
CF3C(O)CHFCl and CF3C(O)Cl are fits to the data using the expressions described in the text.
The curves through the HC(O)F and CF3CHO data are polynominal fits to aid visual inspection
of data trends.
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Fig. 8. Mechanism of Cl atom initiated oxidation of trans-CF3CH=CHF, boxes indicate observed
products.
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Abstract

Smog chamber/FTIR techniques were used to study the products and mechanisms
of OH radical and Cl atom initiated oxidation of trans-CF3CH=CHF in 700 Torr of
N2/O2 diluent at 295±1 K. Hydroxyl radical initiated oxidation leads to the formation
of CF3CHO and HC(O)F in yields which were indistinguishable from 100% and were5

not dependent on the O2 partial pressure. Chlorine atom initiated oxidation gives
HC(O)F, CF3CHO, CF3C(O)Cl, and CF3C(O)CHFCl. The yields of CF3C(O)Cl and
CF3C(O)CHFCl increased at the expense of HC(O)F and CF3CHO as the O2 partial
pressure was increased over the range 5–700 Torr. The results are discussed with re-
spect to the atmospheric chemistry and environmental impact of trans-CF3CH=CHF.10

1 Introduction

Recognition of the adverse environmental impact of chlorofluorocarbon (CFC) release
into the atmosphere (Molina et al., 1974; Farman et al., 1985) has led to an interna-
tional effort to replace these compounds with environmentally acceptable alternatives.
Saturated hydrofluorocarbons (HFCs) have become widely used CFC replacements.15

For example, CF3CH2F (HFC-134a) is used as the working fluid in all modern vehicle
air conditioning systems. Hydrofluorocarbons do not contain chlorine and hence do
not contribute to the well established chlorine based catalytic ozone destruction cycles
(Wallington et al., 1994). The atmospheric lifetime of HFCs is determined by their re-
activity towards OH radicals. HFC-134a has a direct global warming potential of 144020

over a 100 y time horizon; a factor of 8 lower than the CFC-12 that it replaced (World
Meteorological Organization, 2007).

Unsaturated hydrofluorocarbons are a class of compounds, which are potential re-
placements for CFCs and saturated HFCs in air conditioning units. In general, un-
saturated hydrofluorocarbons react more rapidly with OH radicals, have shorter at-25

mospheric lifetimes, and have lower global warming potentials than saturated hy-
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drofluorocarbons. Prior to their large-scale industrial use an assessment of the
atmospheric chemistry, and hence environmental impact, of these compounds is
needed. The present paper provides information concerning the atmospheric oxi-
dation products of trans-CF3CH=CHF. Specifically, smog chamber/FTIR techniques
were used to determine the products of the OH radical and Cl atom initiated oxi-5

dation of trans-CF3CH=CHF. The present work builds upon a recent kinetic study
in which values of k(Cl+trans-CF3CH=CHF)=(4.64±0.59)×10−11 and k(OH+trans-
CF3CH=CHF)=(9.25±1.72)×10−13 cm3 molecule−1 s−1 in 700 Torr total pressure at
296 K were determined (Søndergaard et al., 2007).

2 Experimental10

Experiments were performed in a 140-liter Pyrex reactor interfaced to a Mattson
Sirus 100 FTIR spectrometer (Wallington and Japar, 1989). The reactor was sur-
rounded by 22 fluorescent blacklamps (GE F15T8-BL), which were used to photo-
chemically initiate the experiments. The products of the atmospheric oxidation of trans-
CF3CH=CHF were investigated by irradiating trans-CF3CH=CHF/CH3ONO/O2/N2 and15

trans-CF3CH=CHF/Cl2/O2/N2 mixtures. All samples of trans-CF3CH=CHF used in this
work were supplied by Honeywell International Inc. at a purity >99.9% and were used
without further purification.

Chlorine atoms were produced by photolysis of molecular chlorine,

Cl2+hv → 2Cl (1)20

OH radicals were produced by photolysis of CH3ONO in the presence of NO in air,

CH3ONO+hv → CH3O+NO (2)

CH3O+O2 → HO2 + HCHO (3)

HO2+NO → OH+NO2 (4)
1071

CH3ONO was synthesized by the drop wise addition of concentrated sulfuric acid to a
saturated solution of NaNO2 in methanol. Other reagents were obtained from commer-
cial sources at purities >99%. Experiments were conducted in 700 Torr total pressure
of N2/O2, or air diluent at 295±1 K.

Concentrations of reactants and products were monitored by FTIR spectroscopy.5

IR spectra were derived from 32 coadded interferograms with a spectral resolution of
0.25 cm−1 and an analytical path length of 27.1 m. Unless stated otherwise, quoted
uncertainties are two standard deviations from least squares regressions.

3 Results

3.1 Products of OH radical initiated oxidation of trans-CF3CH=CHF10

To investigate the products and mechanism of the reaction of OH radicals with trans-
CF3CH=CHF reaction mixtures consisting of 8.3–34.9 mTorr trans-CF3CH=CHF, 82.3–
117.3 mTorr CH3ONO, 15.1–19.6 mTorr NO, and 126–700 Torr O2 in 700 Torr total pres-
sure of N2 diluent were introduced into the chamber and subjected to UV irradia-
tion. Figure 1 shows IR spectra at 1750–1950 cm−1 obtained before (a) and after (b)15

subjecting a mixture containing 34.9 mTorr trans-CF3CH=CHF, 82.3 mTorr CH3ONO,
19.6 mTorr NO, and 126 Torr O2 in 700 Torr of N2 diluent to 6 min of UV irradiation. The
consumption of trans-CF3CH=CHF was 6%. Subtraction of IR features attributable to
CF3CH=CHF, H2O, NO, and HCHO (product of CH3ONO photolysis) from panel (b)
gives the product spectrum shown in panel (c). Comparison of the IR features in panel20

(c) with the reference spectra of HC(O)F and CF3CHO in panels (d) and (e) shows the
formation of these products.

HC(O)F and CF3CHO were the only identified carbon containing products of the OH
radical initiated oxidation of trans-CF3CH=CHF. Figure 2 shows a plot of the observed
formation of HC(O)F and CF3CHO versus loss of trans-CF3CH=CHF. The yields of25

HC(O)F and CF3CHO were indistinguishable. For low consumptions (<1 mTorr) the
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linear least squares fit to the combined data sets has a slope =0.93±0.08 indistin-
guishable from 100%. For consumptions of CF3CH=CHF greater than 1 mTorr the
observed yields of HC(O)F and CF3CHO are less than 100% indicating that either
the efficiency of conversion of trans-CF3CH=CHF into HC(O)F and CF3CHO is lower,
or there are significant losses of these products at higher trans-CF3CH=CHF con-5

versions, or both. To test for heterogeneous loss of HC(O)F and CF3CHO, reac-
tion mixtures were allowed to stand in the dark for 15 min; there was no discernable
loss (<2%) of either compound. For the 2–14% conversions of trans-CF3CH=CHF
in the data shown in Fig. 2, loss of HC(O)F and CF3CHO via secondary reac-
tions with OH radicals should be of minor importance as their reactivity with OH is10

less than that of trans-CF3CH=CHF; k(OH+trans-CF3CH=CHF)=(9.25±1.72)×10−13

(Søndergaard et al., 2007), k(OH+HC(O)F)<4×10−15 (Wallington et al., 1993), and
k(OH+CF3CHO)=(6±1.2)×10−13 cm3 molecule−1 s−1 (IUPAC, 2007). It seems likely
that the curvature in Fig. 2 reflects a lower yield of both HC(O)F and CF3CHO with in-
creased consumption of CF3CH=CHF. A possible explanation of this effect is the reac-15

tion of NO2 (which increases in concentration with consumption of trans-CF3CH=CHF)
with the alkoxy radicals formed in the system leading to the formation of small amounts
of nitrates. In the atmosphere such reactions will not be of any significance and we did
not pursue the origin of the curvature further.

By analogy to the well established oxidation mechanism of propene (IUPAC, 2007),20

the reaction of OH radicals with trans-CF3CH=CHF is expected to proceed via addition
to the >C=C< double bond. The mechanism of the OH radical initiated oxidation of
trans-CF3CH=CHF which explains the observed formation of HC(O)F and CF3CHO as
shown in Fig. 3. The results from the present work indicate that irrespective of whether
the OH radicals add to the terminal, or central carbon atom, the subsequent reactions25

lead to the formation of one molecule of both HC(O)F and CF3CHO.

1073

3.2 Products of Cl atom initiated oxidation of trans-CF3CH=CHF

The products of the Cl atom initiated oxidation of trans-CF3CH=CHF were studied
using the UV irradiation of trans-CF3CH=CHF/Cl2/O2/N2 mixtures. Mixtures consist-
ing of 6.6–8.4 mTorr trans-CF3CH=CHF, 102.9–134 mTorr Cl2 and 5–700 Torr of O2 in
700 Torr total pressure of N2 diluent were introduced into the reaction chamber and5

subjected to UV irradiation. Figures 4 and 5 show IR spectra at 675–1000 cm−1 and
1650–2000 cm−1, respectively, obtained before (a) and after (b) subjecting a mixture
containing 6.6 mTorr trans-CF3CH=CHF and 109 mTorr Cl2 in 700 Torr air diluent to 20 s
of UV irradiation. Comparison of the IR features formed in low and high [O2] experi-
ments revealed that four products were formed in the chamber; HC(O)F, CF3CHO,10

CF3C(O)Cl, and a product with a broad absorption feature in the carbonyl stretching
region centered at 1801 cm−1 which we attribute to the ketone CF3C(O)CHFCl. We
do not have a calibrated reference spectrum for CF3C(O)CHFCl. The concentration of
this compound in the chamber was estimated by assuming that the carbonyl stretching
band integrated absorption cross section at 1780–1820 cm−1 is the same as that in15

CF3C(O)CH2Cl (1.06×10−17cm molecule−1, Nakayama et al., 2007).
Figure 6 shows a plot of the concentrations of HC(O)F, CF3CHO, CF3C(O)Cl, and

CF3C(O)CHFCl versus the loss of trans-CF3CH=CHF observed following the UV ir-
radiation of a mixture of 6.61 mTorr trans-CF3CH=CHF and 109 mTorr Cl2 in 700 Torr
of air diluent. As seen from Fig. 6 the formation of HC(O)F, CF3C(O)H, CF3C(O)Cl20

and CF3C(O)CHFCl scaled linearly with the loss of trans-CF3CH=CHF over the range
of trans-CF3CH=CHF consumption of 10–95%. The linearity of the formation of
HC(O)F, CF3CHO, CF3C(O)Cl and CF3C(O)CHFCl suggests that loss of these com-
pounds via secondary reactions is not significant. This observation is consistent with
the fact that Cl atoms react much more slowly with these products than with the25

parent trans-CF3CH=CHF compound; k(Cl+trans-CF3CH=CHF)=(4.64±0.59)×10−11

(Søndergaard et al., 2007), k(Cl+HC(O)F)=(1.9±0.2)×10−15 (Meagher et al., 1997),
and k(Cl+CF3CHO)=(1.85±0.26)×10−12 cm3 molecule−1 s−1 (Sulbaek Andersen et al.,

1074

UNEP/OzL.Pro/ExCom/67/6 
Annex VII 



2004). Previous work has shown that CF3C(O)Cl is not lost by heterogeneous pro-
cesses, photolysis, or reaction with Cl atoms in the chamber (Møgelberg et al., 1995).

As shown in Fig. 7, the yields of HC(O)F, CF3CHO, CF3C(O)Cl and CF3C(O)CHFCl
varied with [O2]. In experiments with high [O2] the yields of CF3C(O)Cl and
CF3C(O)CHFCl increased at the expense of HC(O)F and CF3CHO. As in the case5

of the OH radical attack, the reaction of Cl atoms with trans-CF3CH=CHF is expected
to proceed via electrophilic addition to the terminal and central carbon atoms:

CF3CH=CHF+Cl → CF3CH(•)CHFCl (5a)

→ CF3CHClCHF(•) (5b)

The radicals produced in Reaction (5) will react with O2 to give peroxy radicals which10

will undergo self- and cross-reaction to give the corresponding alkoxy radicals (in the
equations below M represents a third body):

CF3CH(•)CHFCl+O2+M → CF3CH(OO•)CHFCl+M (6a)

CF3CHClCHF(•)+O2+M → CF3CHClCHF(OO•)+M (6b)

CF3CH(OO•)CHFCl+RO2 → CF3CH(O•)CHFCl+RO+O2 (7a)15

CF3CHClCHF(OO•)+RO2 → CF3CHClCHF(O•)+RO+O2 (7b)

Decomposition via C-C bond scission or reaction with O2 are likely fates of the alkoxy
radicals. The observed formation of the ketone CF3C(O)CHFCl in a yield which varies
with [O2] shows that CF3C(O•)HCHFCl radicals undergo reaction with O2 and decom-
position via C-C bond scission:20

CF3C(O•)HCHFCl+O2 → CF3C(O)CHFCl+HO2 (8)

CF3C(O•)HCHFCl+M → CF3CHO+CHFCl(•)+M (9)

1075

The CHFCl(•) radicals formed in Reaction (9) will add O2, undergo reaction with other
peroxy radicals in the system to give CHFCl(O•) radicals, and decompose via Cl
atom elimination to give HC(O)F (Tuazon et al., 1993). The data in Fig. 7 contain
information concerning the rate constant ratio k8/k9. The yield of CF3C(O)CHFCl,
YCF3C(O)CHFCl, can be described by the expression YCF3C(O)CHFCl=YCF3CH(O•)CHFCl5

(k8[O2]/(k8[O2]+k9))+C, where YCF3CH(O•)CHFCl is the yield of CF3CH(O•)CHFCl rad-
icals in the system, k8 and k9 are the rate constants for Reactions (8) and (9),
and C is the [O2] independent yield of CF3C(O)CHFCl (e.g., from self-reaction of
CF3CH(OO•)CHFCl peroxy radicals).

The curve through the CF3C(O)CHFCl data in Fig. 7 is a fit of the expression above to10

the data which gives k8/k9=(8.0±2.6)×10−19 cm3 molecule−1. This value can be com-
pared to the analogous rate constant ratio kO2/kdiss=(3.8±1.8)×10−18 cm3 molecule−1

measured for CF3CH(O•)CH2Cl radicals (Nakayama et al., 2007). The increased im-
portance of decomposition as an atmospheric fate of CF3CH(O•)CHFCl compared to
CF3CH(O•)CH2Cl radicals is consistent with theoretical work showing that the barrier to15

C-C bond scission decreases as the degree of fluorine substitution on the two carbon
atoms becomes more even and the bond becomes less polar (Somnitz et al., 2001).
The limiting value for the CF3C(O)CHFCl yield reached at high [O2] provides a measure
of k5a/(k5a+k5b)=47±7%.

Figure 8 shows the mechanism of Cl atom initiated oxidation of trans-20

CF3CH=CHF which is consistent with our experimental observations. From
k8/k9=(8.0±2.6)×10−19 cm3 molecule−1 it can be calculated that in 700 Torr of O2 the
reaction with O2 accounts for 92% of the CF3CH(O•)CH2Cl radicals with decomposi-
tion accounting for the remaining 8%. Given the estimate of k5a/(k5a+k5b)=47±7%
we then expect a 4% HC(O)F yield resulting from addition of Cl atoms to the termi-25

nal carbon atom (left hand side of Fig. 8). Hence, we can attribute the bulk of the
approximately 40% HC(O)F yield in experiments in 700 Torr of O2 to the decomposi-
tion of CF3CHClCHF(O•) radicals. Decomposition via C-C bond scission is the domi-
nant fate of CF3CHClCHFO(•) radicals. Finally, the increase in the yield of CF3C(O)Cl
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with [O2] evident in Fig. 7 is consistent with the expected competition between reac-
tion with O2 and decomposition for the available CF3CHCl(O•) radicals. The yield of
CF3C(O)Cl, YCF3C(O)Cl, can be described by the expression YCF3C(O)Cl=YCF3CHCl(O•)
(k10[O2]/(k10[O2]+k11))+C, where YCF3CHCl(O•) is the yield of CF3CHCl(O•) radicals in
the system, k10 and k11 are the rate constants for Reactions (10) and (11), and C is5

the [O2] independent yield of CF3C(O)Cl.

CF3CHCl(O•)+O2 → CF3C(O)Cl+HO2 (10)

CF3CHCl(O•)+M → products (11)

The curve through the CF3C(O)Cl data in Fig. 7 is a fit of the expression above to the
data which gives k10/k11=(4.6±1.9)×10−19 cm3 molecule−1. This result is larger than10

the previous more direct determination of k10/k11=(2.1±0.4)×10−19 cm3 molecule−1

(Møgelberg et al., 1995). A likely explanation for this discrepancy lies in the indirect
and complex route by which CF3CHCl(O•) radicals are formed in the present system.
As indicated in Fig. 8, decomposition and reaction with O2 are possible competing
fates for CF3CHClCHF(O•) radicals. Increased loss of CF3CHClCHF(O•) via reaction15

with O2 at high [O2] will lead to a decreased yield of CF3CHCl(O•) radicals and hence
CF3C(O)Cl. The net effect will be to cause the CF3C(O)Cl yield to plateau at a lower
[O2] which will lead to an overestimation of k10/k11. To investigate this effect further
would require the use of [O2] levels higher than 700 Torr where a decrease in the yield
of CF3C(O)Cl would be expected with increased loss of CF3CHClCHF(O•) via reaction20

with O2. Such experiments are beyond the scope of the present work.

4 Atmospheric chemistry and environmental impact of trans-CF3CH=CHF

The present work improves our understanding of the atmospheric chemistry of trans-
CF3CH=CHF. The atmospheric lifetime of trans-CF3CH=CHF is dictated by its reaction
with OH radicals (Søndergaard et al., 2007) and has been estimated at approximately 225
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weeks. The OH initiated oxidation of trans-CF3CH=CHF gives CF3CHO and HC(O)F in
yields of approximately 100%. CF3CHO is removed from the atmosphere via photolysis
and, to lesser extents, reaction with OH radicals (Chiappero et al., 2006) and addition
of water to give the hydrate (Sulbaek Andersen et al., 2006). Photolysis gives CF3 and
HCO radicals (Chiappero et al., 2006) while reaction with OH gives CF3CO radicals.5

CF3 radicals will add O2 to give CF3O2 radicals which are then converted into COF2
(Wallington et al., 1994) which hydrolyzes to give CO2 and HF. CF3CO radicals will
add O2 to give CF3C(O)O2 radicals, the majority of which will be converted into COF2,
with a small fraction converted into CF3C(O)OH (Hurley et al., 2006) via reaction with
HO2 radicals. The hydrate, CF3CH(OH)2 is lost via reaction with OH radicals to give10

CF3C(O)OH (Sulbaek Andersen et al., 2006). The available data suggest that while
CF3C(O)OH is not a natural component of the freshwater environment (Nielsen et al.,
2001), it is a natural component of the background oceanic environment (Frank et
al., 2002), and any additional burden associated with trans-CF3CH=CHF oxidation
will be of negligible environmental significance. We conclude that the products of the15

atmospheric oxidation of trans-CF3CH=CHF will have negligible environmental impact.
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Fig. 1. Infrared spectra acquired before (a) and after (b) UV irradiation of mixtures
34.9 mTorr trans-CF3CH=CHF, 82.3 mTorr CH3 ONO, 19.6 mTorr NO and 126 Torr O2 in 700 Torr
total pressure of N2 diluent. Panel (c) show the residual IR features after subtraction of fea-
tures attributable to trans-CF3CH=CHF, H2O, NO, and HCHO from panel (b). Panels (d) and
(e) show reference spectra of HC(O)F and CF3CHO, respectively.
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Fig. 2. Formation of HC(O)F (triangles) and CF3CHO (circles) versus loss of trans-
CF3CH=CHF observed following the UV irradiation of mixtures of 8.32–9.18 mTorr trans-
CF3CH=CHF and 109.1–113.8 mTorr CH3ONO in 700 Torr total pressure of air diluent at
296±1 K. The open symbols are results obtained in the absence of NO.
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Fig. 3. Mechanism of OH radical initiated oxidation of trans-CF3CH=CHF, boxes indicate ob-
served products.
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Fig. 4. Infrared spectra acquired before (a) and after (b) UV irradiation of 6.6 mTorr trans-
CF3CH=CHF and 109 mTorr Cl2 in 700 Torr of air diluent. Panel (c) show the residual IR fea-
tures after subtraction of trans-CF3CH=CHF from panel (b). Panels (d) and (e) show reference
spectra of CF3CHO and CF3C(O)Cl, respectively.
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Fig. 5. Infrared spectra acquired before (a) and after (b) UV irradiation of 6.6 mTorr trans-
CF3CH=CHF and 109 mTorr Cl2 in 700 Torr of air diluent. Panel (c) show a reference spectrum
of HC(O)F. Panel (d) show the residual IR features after subtraction of trans-CF3CH=CHF and
HC(O)F from panel (b). Panel (e) shows a reference spectrum of CF3CHO.
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Fig. 6. Formation of HC(O)F (triangles), CF3C(O)CHFCl (squares), CF3CHO (circles) and,
CF3C(O)Cl (crosses) versus loss of trans-CF3CH=CHF observed following the UV irradiation
of a mixture of 6.6 mTorr trans-CF3CH=CHF and 109 mTorr Cl2 in 700 Torr of air diluent.

1086

UNEP/OzL.Pro/ExCom/67/6 
Annex VII 



[O
2
] (Torr)

0 200 400 600 800

P
ro

d
u

c
t 

y
ie

ld
0.0

0.2

0.4

0.6

0.8

1.0

HC(O)F

CF
3
CHO

CF
3
C(O)Cl

CF
3
C(O)CHFCl

 

Fig. 7. Observed molar yields of HC(O)F (triangles), CF3CHO (circles), CF3C(O)Cl (crosses)
and CF3C(O)CHFCl (squares) versus the O2 partial pressure following the UV irradiation
of trans-CF3CH=CHF/Cl2/N2/O2 mixtures at 700 Torr total pressure. Curves through the
CF3C(O)CHFCl and CF3C(O)Cl are fits to the data using the expressions described in the text.
The curves through the HC(O)F and CF3CHO data are polynominal fits to aid visual inspection
of data trends.
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Fig. 8. Mechanism of Cl atom initiated oxidation of trans-CF3CH=CHF, boxes indicate observed
products.
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EPA’s decision: Hydrofluoroolefin

 
(HFO)–1234ze is acceptable as a substitute for CFCs and HCFCs in: 

 
• Rigid Polyurethane Appliance Foam.  
• Rigid Polyurethane Spray, Commercial Refrigeration, and Sandwich Panels.  
•  Polystyrene Extruded Boardstock & Billet.  

 
HFO–1234ze is also known as HFC– 1234ze or trans-1,3,3,3-tetrafluoroprop-1-ene (CAS Reg. No.29118–24–9). You may find the 
submission under Docket item EPA–HQ–OAR–2003–0118–0222 at http://www.regulations.gov.  
 
Environmental information: HFO– 1234ze has no ODP. HFO–1234ze has a GWP of 6 and an atmospheric lifetime of approximately 
2 weeks (‘‘Atmospheric chemistry of trans-CF3CH=CHF: products and mechanisms of hydroxyl radical and chlorine atom initiated 
oxidation,’’ M.S. Javadi, R. Sondergaard, O.J. Nielsen, M.D. Hurley, and T.J. Wellington, Atmospheric Chemistry and Physics 
Discussions 8, 1069–1088, 2008). HFO–1234ze is currently defined as a VOC as defined under Clean Air Act regulations (see 40 
CFR 51.100(s)) addressing the development of SIPs to attain and maintain the national ambient air quality standards.  
Hydrofluoroolefins are a subset of hydrofluorocarbons that contain double bonds between carbon atoms.  

Flammability information: HFO– 12. HFO–1234ze  
EPA’s decision: Hydrofluoroolefin 

1 
(HFO)–1234ze is acceptable as a substitute for CFCs and HCFCs in:  

• Rigid Polyurethane Appliance Foam.  
• Rigid Polyurethane Spray, Commercial Refrigeration, and Sandwich Panels.  
•  Polystyrene Extruded Boardstock & Billet.  
 
HFO–1234ze is also known as HFC– 1234ze or trans-1,3,3,3-tetrafluoroprop-1-ene (CAS Reg. No.29118–24–9). You may find the 
submission under Docket item EPA–HQ–OAR–2003–0118–0222 at http://www.regulations.gov. 
  
Environmental information: HFO– 1234ze has no ODP. HFO–1234ze has a GWP of 6 and an atmospheric lifetime of approximately 
2 weeks (‘‘Atmospheric chemistry of trans-CF3CH=CHF: products and mechanisms of hydroxyl radical and chlorine atom initiated 
oxidation,’’ M.S. Javadi, R. S<ndergaard, O.J. Nielsen, M.D. Hurley, and T.J. Wellington, Atmospheric Chemistry and Physics 
Discussions 8, 1069–1088, 2008). HFO–1234ze is currently defined as a VOC as defined under Clean Air Act regulations (see 40 
CFR 51.100(s)) addressing the development of SIPs to attain and maintain the national ambient air quality standards. 
Hydrofluoroolefins are a subset of hydrofluorocarbons that contain double bonds between carbon atoms.  

Flammability information: HFO– 1234ze is non-flammable.  
 
Toxicity and exposure data: Potential health effects of this substitute at lower concentrations include drowsiness and dizziness. The 
substitute may also irritate the skin or eyes or cause frostbite. At sufficiently high concentrations, it may cause central nervous system 
depression or irregular heartbeat. The substitute could cause asphyxiation, if air is displaced by vapors in a confined space. The 
substitute may also irritate the lungs, skin or eyes or cause frostbite. These potential health effects are common to many foam 
blowing agents.  
EPA anticipates that HFO–1234ze will be used consistent with the recommendations specified in the manufacturer’s MSDSs. EPA 
recommends a preliminary workplace exposure limit of 375 ppm for HFO– 1234ze. EPA anticipates that users will be able to meet 
this recommended workplace exposure limit and will be able to address potential health risks by following requirements and 
recommendations in the MSDSs and other safety precautions common in the foam blowing industry. Further, EPA is reviewing this 
substance as a Pre-manufacture Notice under the Toxic Substances Control Act (TSCA). Therefore, use of HFO–1234ze must be in 
accord with EPA’s final decision under TSCA.  
 
Comparison to other foam blowing agents: HFO–1234ze is not ozone depleting in contrast to the ozone depleting substances which it 
replaces. In its lack of risk for ozone depletion, HFO–1234ze is comparable to other substitutes for HCFC–22 and HCFC– 142b, such 
as HFC–134a and HFC– 245fa. (HCFC–22 and HCFC–142b have ODPs of 0.05 and 0.07, respectively (WMO, 2006).) HFO–
1234ze’s GWP is 6, comparable to or lower than that of other substitutes for HCFC–22 and HCFC–142b. For example, the GWP of 
HFC–134a is about 1430 and the GWP of HFC–245fa is about 1030. Additionally, the GWP for HFO–1234ze is significantly lower 
than the GWPs for the ozone-depleting substances it will replace. (The GWPs of HCFC–22 and HCFC–142b are 1810 and 2310, 
respectively (WMO, 2006).) Flammability risks can be addressed by procedures common in the industry. The toxicity risks are low, as 
discussed above. Thus, we find that HFO–1234ze is acceptable because it does not pose a greater overall risk to public health and the 
environment than the other substitutes acceptable in the end uses listed above.  
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Report No: HFO 1234ze 25/03/2011-5 3

          1- ABSTRACT 
 

The purpose of this project is; use of HFO-1234ze blowing agent in XPS foam with 

Standard production equipment (all ingredients are same except blowing agent) to 

phaseout of HCFCs in XPS. If the new gas is acceptable according to test results this gas 

can be use all of XPS production in the world.  

This gas was approved by the U.S. Environmental Protection Agency to use in foam and 

aerosol applications. This gas was used with other co blowing agents like acetone, ethyl 

alcohol. These tryouts are the first use of DME (dimethyl ether) co blowing agent with 

HFO 1234ze in XPS foam production. This month the tryouts  were  made at B-PLAS 

factory on 8th – 11th of March 2011 in Bursa, Turkey. 

The tryouts were made according to project implementation plan.  

The product thickness was 30mm, the equipment was twin screw corotating extruder. The 

other details can be seen at related chapters. 

 

2- THE ACTIVITIES IN THE PERIOD OF  08/02/2011 – 18/03/2011 

2.1- PURCHASING OF  HFO 1234ze 

The gas tanks arrived to B-PLAS on 23rd of February. There were 2 gas tanks on the 

production side, one of them was belonging to 70/30 HFO 1234ze/DME blend, other was 

belonging to  80/20 HFO 1234ze/DME blend. The photographs of the gas tanks are 

below. 
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Picture 1- 80/20 HFO 1234ze/DME blend     Picture 2- 70/30 HFO 1234ze/DME blend    

 

 

Picture 3- The whole gas tank 
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2.2- PURCHASING OF  THE THERMAL CONDUCTIVITY TESTER 
 
The tester will be choiced through below suppliers. The alternative   equipments  and 

suppliers are; 

      *  QuickLine™-30    (Anter)  

      *  C-Therm TCi        (C Therm Technology) 

      *    Lambda               (F 5 Techmology GmbH) 

 

2.3- THE TRYOUTS 

    2.3.1- THE GAS DELIVERY TO B-PLAS 

The gas tanks were sent from France by Honeywell. The tryouts will have made at the 

end of year 2010. But the gas wasn’t supplied on time. So the tryouts were postponed  to 

end of February 2011. The documents of gas delivery can be seen at Annex 1.  

         2.3.2- FINAL PREPARATIONS  

     2.3.2.1- B-PLAS supplied below safety equipments before the tryouts. These   

     safety equipments conform to CE standards which can be seen in MSDS  

     documents and data sheet of gases (Annex 2). 

 

1- Safety glass, 3M  2740 (EN 166:2001)  

2- Mask with filter  3M 6800 filtreli (EN 136 CL1) and the filter 3M 6059 (EN 14387:2004)  

3- Glove  Rytill hot 

4- Glove for chemicals  Rytill CE 0321 (Soleyn 33)   

5- Safety  shoes  (B-PLAS requirement) 

 

 

2.3.2.2- The MSDS documents were explained to the workers. 

2.3.2.3- The production line was controlled by Production department. 

 

UNEP/OzL.Pro/ExCom/67/6 
Annex VII 



Report No: HFO 1234ze 25/03/2011-5 6

2.3.2.4- The tryout plan was prepared and send to all tryout participants. 

From: Yasemin Gündoğdu Ceylan  

Sent: Tuesday, February 15, 2011 10:41 AM 

To: 'Katalin Zaim'; Mehmet AŞKINER; Mehmet Askiner 

Cc: Berkan Toros; Maksim Surkov; Jacques Van Engel; William Buchanan; Bowman, Jim; Bert 

Veenendaal; Lucarelli, Francesco; Ulrika Richardson-Golinski; Levent Ceylan; 

yasemingc@gmail.com; Yasemin Gündoğdu Ceylan 

Subject: HFO 1234ze TRIALS 

Importance: High 

  

Dear All, 

I kindly inform you that I have prepared a time table for HFO 1234ze gas trials. Please send me 

your opinions . Today I will send you to do list for trials. Please inform me Is there any other 

participant ? 

  

The participants are ;  

Katalin Zaim 

Jim Bowman 

Bert Veenendaal 

William Buchanan 

Berkan Toros 

Mehmet Aşkıner 

 

TIME TABLE OF HFO 1234 ze PROJECT at B-PLAS A.Ş.      

 

07 March 2011, Monday Travelling and arrive to Bursa      

 

08 March 2011, Tuesday Discussion about the trials, control of the production 

line,  safety requirements and trials 

 

09 March 2011, Wednesday        

 

     Trials 

10 March 2011, Thursday     

 

     Trials    

11 March 2011 ,Friday  

          

     Discussion, meeting       
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2.3.3- THE TRYOUTS 

 The experts and other  participants arrived to Bursa  on 7th of March. All participants and B-

PLAS management have a dinner at an authentic restaurant of Bursa.  

         2.3.3.1-  THE RAW MATERIALS AND PRODUCT  

A- Polystyrene (PS) (Melt flow rate is: 10 g/10min , 2000C, 5 kg) 

B- Nucleating agent 

C- Flame retardant 

D- Gas   d1- 70/30 HFO1234ze/DME  blend  (750 kg)   

d2- 80/20 HFO1234ze/DME  blend  (750kg)   

The porposal formulation according to Project implementation plan is; 

 Sabic Virgin PS MFI 7 97% 

 Recycle PS                        0.0% 

 Flame-retardant              1.5% 

 Talcum                               1.5% 

 Color    0.0% 

The product thickness is  30 mm 

2.3.3.2- FIRST DAY  OF THE TRYOUT  (08 March 2011) 

The below participants had a meeting  about the tryout organisation. The participants are; 

Jim Bowman Honeywell Gas  Expert 

William Buchanan IFC Process Expert 

Berkan Toros UNDP Turkey 

Mehmet Aşkıner Expert at National Ozone Office of 

T.C Ministry of Environment and Forests 

Levent Ceylan B-PLAS Recipient Coordinator 

Vahit Babacan B-PLAS Production Responsible 

Yasemin Gündoğdu Ceylan Project Manager 
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 Picture 4-  The participants 

 

From left to right; Mehmet Aşkıner, Berkan Toros, Jim Bowman, Vahit Babacan,                

Levent Ceylan, William Buchanan, Yasemin G.Ceylan. 

The below tryout plan was  recommended by Process expert. 

Table 1  Draft tryout plan 

Date Explanation 

08.03.2011 STEP 1- B-PLAS production will be  continued, the thickness is 30 mm 

09.03.2011 STEP 2- Production with UNDP Project formule (%97 PS+%1,5 Flame 

retardant+%1,5 Nucleating agent )+ with B-PLAS gas.  

STEP 3- After the production stable conditions the gas  will be changed 

with same formule (Production with UNDP Project formule (%97 PS+%1,5 

Flame retardant+%1,5 Nucleating agent )+ with %70/30 HFO1234ze/DME 

gas blend). 

10.03.2011 STEP 4- Repeat 1st and 2nd steps. 

STEP 5- then change gas blend to %80/20 HFO1234ze/DME 

11.03.2011 STEP 5- Meeting and discussion on tryouts. 
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The production line and safety precautions  were controlled by experts  

The production was continued until 09 March morning  with STEP 1. 

2.3.3.3- SECOND  DAY  OF THE TRYOUT  (09 March 2011) 

The STEP 2 was began at 09 March morning and all Project team  was participated 

this tryout. The Processing conditions which are screw  velocity, barrel temperatures, 

pressures, gas velocity,…  were recorded (Annex 3 processing conditions of STEP 2). The 

product was good surface properties, No waves no some holes. STEP 3 was begun after 3-4 

hours later.The product surface was no good. too much waves and some holes.  The width of 

the panel was decreased to 58 cm and the panel density increased to 40 g/cm3. When the 

gas was fed to  the production equipment the die pressure was decreased until 19 bar. Later 

the screw velocity was decreased by process expert  to increase the die pressure ( If the die 

pressure is increased  the foaming level will be homogene and small cell size). Because of 

surface waves and holes, the process expert decreased the nucleating agent ratio by order 

of % 1.25 and % 1, increased  the gas feeding ratio from % 7  to % 7.75 and  increased the 

temperatures. But the surface properties didn’t change. The process expert’s opinion that  

latest product  with %1 nucleating agent ratio was succesfull (Annex 4 processing 

conditions).  

Picture 5- The photograps of the product which the gas blend is 70/30 

HFO1234ze/DME, %1 Nucleating agent. 
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2.3.3.3- THIRD  DAY  OF THE  TRYOUT  (10 March 2011) 

The STEP 4 wasn’t applied on processing, STEP 5 was began at 10 March morning. 

But the production formule was changed ; (%97,5 PS+%1,5 Flame retardant+%1 

Nucleating agent )+ with %80/20 HFO1234ze/DME gas blend). 

The product surface was no good, too much waves and some holes on the surface.  

The gas feeding ratio was increased from %7 to % 8,5 to avoid these problems. But there 

was’t been any solution (Annex 5 processing conditions) 

 

Picture 6- The photograps of the product which the gas blend is 80/20 

HFO1234ze/DME  %1 Nucleating agent. 

 

2.3.3.4- THE FINAL FORMULAS  

% 70/30 HFO 1234ze/DME 

% 97,5 PS 

% 1,5 Flame Retardant 

% 1 Nucleating  agent 

% 80/20 HFO 1234ze/DME 

% 97,5 PS 

% 1,5 Flame Retardant 

% 1 Nucleating  agent 

 

 

 

UNEP/OzL.Pro/ExCom/67/6 
Annex VII 



Report No: HFO 1234ze 25/03/2011-5 11

 

 

 2.4- DISCUSSIONS,  RESULTS (11 March 2011) 

2.4.1- THE PROCESSING RESULTS 

The results were evaluated by all tryout  participants; 

2.4.1.1- B-PLAS evaluation; B-PLAS participants said that the produced product 

wasn’t good according to their expectations. The surface properties weren’t good to sell on 

the market. 

The density was 40 – 45 g/cm3 this value is high according to XPS which is on  the 

market. The price of HFO gas is high. 

HFO-1234ze  gas couldn’t  use alone on XPS product, must be used with other co 

blowing agents like, DME, ethyl alchole, aceton.  

 

2.4.1.2- T.C Ministry of Environment and Forests evaluation; 

 He was happy to see this gas can be used for XPS production. But need other try outs 

for stable processing conditions,  homogene flat surface.  

 

2.4.1.3- Process expert’s evaluation; 

The tryouts were made according to Project implementation plan. He observed this 

gas blend (with DME  co blowing agent) can be used for XPS production with B-PLAS 

machinery technology. The surface of product can be improved with optimum process 

conditions. So this gas must be tried with other HFO1234ze/DME ratios, other Polystyrenes 

with lower melt flow ratio and with optimum  processing conditions (temperatures , velocitiy, 

pressures, …).  

The die pressure couldn’t be increased  to 45 bar. If the pressure  can be increased, 

the surface can be homogeneous and with no holes.This gas must be tried with other 
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machinery technologies. The other requirements can be determined according to other 

tryouts results.  

  2.4.2- THE USED MATERIALS 

Polystyrene :  5566 kg 

Flame retardant: 86 kg 

Nucleating agent: 86 kg  

B-PLAS gas:  103 kg 

          2.4.3- THE TESTS 

The tests (except cell size) will be applied  according to Project plan and EN 13164 XPS 

Standard at TEBAR laboratory which is an accredited laboratory. The cell size will be tested 

by  Process Expert Mr. William Buchanan. The TEBAR price offer is attached (Annex 6) 

 
Table 2-  The tests 
 
 
The test name 

 
Explanation 

Thickness - 
Density - 
Cell size - 
Compressive strength will be made  10 days, 20 days, 30 days and 45 days  after the 

production date    
Thermal conductivity will be made  10 days, 20 days, 30 days and 90 days  after the 

production date  
Flammability - 
Dimensional Stability (will 

be explained by Bill on 

day one) 

 

These tests were cancelled by Process expert. Because  the 
dimensions of prodyct were not good to measure. 

 

The test results will be issued in next report 

 2.5- GENERAL EVALUATION 

All tryout results will be discussed at the meeting which will be held on 4th April, 2011.  
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1. THE SECOND TRYOUTS 
Mr Bill Buchanan and Mr. Berkan Toros arrived to Bursa and B-PLAS on 22th of December.  
A pre-meeting was made with the Project Manager and Production Responsible at BPLAS   
production sites and details for the trials discussed. 

 
2. THE MEETING NOTES 

 
1- The gas is 70/30 HFO1234ze/DME  
2- The used XPS line has much capacity than the first tryouts’ line. 
3- The used PS (The  MF is 2g/10dk) has lower melt flow value than the first tryouts’ PS                

(The  MF is 10g/10dk) 
4- The formulation is 97% PS (because of lower MF value and to get easy processing the 

recycled material will be added into the raw material; later the recycle material ratio will be 
decreased).  The formulation will use 1.5% nucleating agent and 1,5% Flame retardant 

5- First the BPLAS gas (152a/DME) will be used with formulation later  gas will be changed to     
      70/30 HFO1234ze/DME later turn to BPLAS gas. 

6- The expected die pressure with 70/30 HFO1234ze/DME is approximately 50-60 bar, with  
      152a/DME is approximately 30 bar. 

 
3. THE TRYOUTS  on 23th of DECEMBER  

 
The tryouts were started with 152a/DME blend with above formulation but the PS contain 
recycle material (%97 PS (%32 Recycle +%65 Orj PS)). We  get good product with this gas. 
Later the gas was changed to 70/30 HFO1234ze/DME blend. We didn’t get a good product with 
this gas blend. The produt surface has no pinholes but too much longitudinally waves.  
 
The below formulations have been tried and the processing conditions were not changed too 
much. 
 
High Original PS ratio with lower gas feeding ratio, 
High Original PS ratio with higher gas feeding ratio 
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Gas 1 152a 
HFO 

1234ze 
HFO 

1234ze 
HFO 

1234ze 
HFO 

1234ze 
HFO 

1234ze 
HFO 

1234ze 
HFO 

1234ze 
HFO 

1234ze 
HFO 

1234ze 
HFO 

1234ze 
HFO 

1234ze 
HFO 

1234ze 
HFO 

1234ze 
HFO 

1234ze 
HFO 

1234ze 
HFO 

1234ze 

Gas 2 DME DME DME DME DME DME DME DME DME DME DME DME DME DME DME DME DME 

Gas1/gas2 ratio,% - 70/30 70/30 70/30 70/30 70/30 70/30 70/30 70/30 70/30 70/30 70/30 70/30 70/30 70/30 70/30 70/30 

Gas feeding ratio, % 7,9 7,9 6,5 6,5 6,5 6,5 6,5 6,5 5,7 7,3 7,6 8,9 9,6 9,6 9,6 9,6 9,6 

Capacity, kg/h 375 375 375 375 375 375 375 375 375 375 375 375 375 375 375 375 375 

PS, % 65 65 65 70 77 80 82 82 82 57 62 62 62 82 97 67 67 

Recyle, % 32 32 32 27 20 17 15 15 15 40 35 35 35 15 0 30 30 

Nucleante, % 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 

Flame retardant,% 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 

Die, bar 35 45 47 42 41 43 47 49 49 51 43 43 39 40-41 38 38 66 
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The photographs; 
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4. THE PREPARATIONS FOR THE SECOND DAY TRYOUT 

 
The below preparations were made: 
 

 180 lt  tanks were filled with DME  
 The high pressure pump which belongs to the lower capacity line was connected to 

other high capacity line to pump the DME gas into the extruder. 
 Nitrogen gas was used to pressure 70/30   HFO1234ze/DME blend into the extruder. 
 

The photographs of the connections; 
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DME 
tanks 

DME tanks 
connection 

70/30 HFO/1234ze/DME gas out From N2 tank 
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    The flow chart of the connections, 

From N2 tank 
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The inner surface of the product which is produced with 50/50  HFO1234ze/DME gas;   
 

 
 
The processing conditions are: 
 

Gas 1 HFO/DME (70/30) HFO/DME (70/30) 
Gas 2 DME DME 

Gas1/gas2 ratio,% 55/45 (HFO/DME) 50/50 (HFO/DME) 
Gaz feeding ratio, % 7,4 8,0

Capacity, kg/h 350 350
PS, % 56 56

Recyle, % 41 41
Nucleante, % 1,5 1,5

Flame retardant,% 1,5 1,5
Die, bar 42 37

Zone1, °C 215 215
Zone2,°C 220 220
Zone3,°C 210 210
Zone4,°C 180 180
Zone5,°C 110 110
Zone6,°C 105 105
Zone7,°C 96 96
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6. THE MEETING NOTES AFTER THE TRYOUTS 
 
Generally the product is good according to the first tryout sample. If the new tryout is scheduled, 
the below equipments will be required to attain good gas blend ratio and processing conditions. 
 

1- DME pump 
2- Air pump 
3- High pressure pump 
4- DME tank 
5- HFO 1234 ze tank 
6- Tryout 3-4 days. 

 
 
7. THE USED MATERIALS 
 
      Polystyrene  :  5411 kg 
      Flame retardant : 84 kg 
      Nucleating agent : 84 kg  
      B-PLAS gas : 379 kg 
 
8. THE TESTS AND  RESULTS 
 
The tests will be applied  according to Project plan and EN 13164 XPS Standard at B-PLAS 
laboratory.  
 
The tests 
 
 
The test name 

 
Explanation 

Thickness - 
Density - 
Cell size - 
Compressive strength will be made  10 days, 20 days, 30 days and 45 days  after the 

production date   
Thermal conductivity will be made  10 days, 20 days, 30 days and 90 days  after the 

production date  
Flammability - 
 
The  test results  are; 

TEST TEST DATE UNIT VALUE
Density 

the test were made 
at the production 

date 

kg/m3 35 
Max  Compressive 

strength kPa 217,87 

Thermal conductivity W/mK 0,02268

Thermal conductivity 

The samples were  
cut  into  slices and 
waited 10 days at 

laboratory 
conditions 

W/mK 0,02899 
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COMPARATIVE TEST RESULTS FOR BLOWING AGENTS USED IN TURKEY 

 

Tests Standard Unit 
80/20% 

HFO1234ze/DME 
70/30% 

HFO1234ze/DME 
50/50% 

HFO1234ze/DME 
75/25% 

152a/DME 
50/50% 

152a/DME 
75/25 

142b/22a Standard 
Requirement 

18-21/03/2011 18-21/03/2011 12/27/2011 3/16/2010 9/28/2011 7/12/2004 
Length 

TS EN 822 
mm 1201 1201 1201 1200.3 1200 1250 *1200 

Width mm 599 573 601 598 600 603 *600 
Thickness mm 28.61 31.65 30.6 31.6 29.78 30.66 *30 

Density TS EN 
1602 kg/m3 44.22 38.64 35 33.8 29.8 32 *30 – 32 

Thermal 
conductivity   
90 days 

TS EN 
12667 W/mK 

0.03371 0.02889 0.02987 0.035 0.03168 0.028 

*0,029-0,031 
Aged Thermal 
conductivity  
90 days 

0.03309 0.02908 0.03097 n/a 0.03178 n/a 

Compressive 
strength   
45 days 

TS EN 826 kPa 
(N/m2) 380 276 298 257.4 250 248.36 *>=200 

Flammability TS EN  ISO 
11925-2 - E E E E E B1 E 

Open cell ratio  % 31.69 3.41 10 - - - No value 
          
*Depends on producer declaration         
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