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Experimental techniques
Tensile properties: Tensile 

properties were measured at 
room temperature. Tensile prop-
erties were measured according 
to ASTM D412, using ASTM 
type die C dumbbell specimens.

Dynamic Mechanical Analysis 
(Strain Sweeps): Metravib DMA150 
Dynamic Mechanical Analyzer 
was used in shear deformation to 
perform a double strain sweep 
experiment (simple shear 10mm x 
2mm geometry) This is called 
dual lap shear geometry. The ex-
perimental conditions were 

0.0003 to 0.2 dynamic strain at 15 
points in evenly spaced log steps 
at 30°C and 10 Hz.

Tear strength: Tear strength was 
measured at room temperature ac-
cording to ASTM D624 using ma-

chine grooved trouser tear geome-
try (constrained path geometry).1

Mini-DeMattia crack growth:
Akron Rubber Development Lab-
oratory has developed the Mini-
De Mattia test. This test is based 
upon the standard DeMattia test 
(ASTM D813), which is used to 
evaluate the fatigue life of lab-
cured compounds. The nominal 

sample dimensions were 1.5 
inches long by 0.125 inches wide 
by 0.030 inches thick.2

Compression stress relaxation:
Compression stress relaxation 
was measured as a function of 
exposure time in the rapid gas 
decompression test NACE TCO-
192, according to ASTM D6147 
24 hours after off-gassing.
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Table 1: Formulation (FKM, NBR and HNBR).

Table 2: Mooney viscosity results.

Table 4: Volume and weight change during and after CO2 exposure.

Table 3: Cure times.

Fig.1: Pressure and temperature as a function of time.

Fig. 2: MDR cure rheometer at 170°C.

To better understand the damage endured by mechanisms during downhole simulation testing 
(rapid gas decompression testing, or RGD testing), three downhole formulations (FKM, HNBR and 
NBR) were evaluated.

The downhole simulation test method was based on NACE TMO-192 (100 percent CO2, 5.2 MPa).  
The damage mechanisms were elucidated with involved various characterization tests. The charac-
terization methods included dynamic mechanical analysis (DMA) by strain sweep, tensile properties, 
machine groove trouser tear (MGT), time-domain NMR (TD-NMR), modulus profiler and 
Mini-DeMattia crack growth. The property changes as a function of exposure time were measured.  

Furthermore, the RGD method was combined with compression stress relaxation (CSR). The CSR 
jig was placed in the RGD vessel (high pressure CO2 vessel). The effect of the RGD test on compres-
sion stress was determined. For mechanistic understanding, the results (from DMA, tensile, MGT, 
TD-NMR, modulus profiler, Mini-DeMattia and CSR) were compared to the CO2 solubilities of the 
various polymer types.

Executive summary

Modulus profiling:  Modulus 
profiling was measured accord-
ing to the published technique in 
RC&T, 74, No. 3, page 428 
(2001).3

Materials: Three compounds 
were prepared as shown in Ta-
ble 1. The description of the 
polymers is:

• Diakin G 901 = vinylidene 
fluoride, tetrafluoroethylene, 
and hexafluoropropylene (70.5 
percent fluorine content, 1.91 
spec. gr., 48 Mooney viscosity at 
121°C);

• Nipol 1032 = 33 percent 
ACN, 51 Mooney, 0.98 Spec gr.; 
and

• Zetpol 2010 = 36 percent 
ACN, 85 Mooney, 0.95 Spec. gr., 
96 percent hydrogenation.

Rapid gas decompression test: 
The NACE TMO-192 rapid gas 
decompression test conditions 
were used, including 100 percent 
CO2, 5.2 MPa and room tem-
perature. To avoid damage to the 
specimens caused by decompres-
sion, a slow release rate in place 
of a rapid release rate was used. 
The CO2 exposure times were 24 
hours (1 day), 5 days, and 28 
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days. An example of pressure 
and temperature output is shown 
in Fig. 1.

Purpose and scope
The purpose was to better un-

derstand the damage mecha-
nisms during downhole simula-
tion testing (rapid gas 
decompression testing—RGD 
testing).  The scope of work in-
cluded three downhole formula-
tions (FKM, HNBR, and NBR). 
The downhole simulation test 
method was based on NACE 
TMO-192 (100 percent CO2, 5.2 
MPa and room temperature). 
Exposure time was varied from 
one to 28 days. The damage 
mechanisms were elucidated 
with various characterization 
tests.

The motivation was to deter-
mine the key chemical damage 
mechanism during RGD (and 
downhole) exposure of rubber 
compounds to chemicals and 
pressure. The property changes 
as a function of exposure time 
were measured. The characteri-
zation methods included dynamic 
mechanical analysis (DMA) by 
strain sweep, tensile properties, 
machine groove trouser tear 
(MGT), modulus profiler and 
Mini-DeMattia crack growth.

 Furthermore, the effect of the 
RGD test on compression stress 
(relaxation) was determined. The 
goal was to understand the dam-
age mechanism associated with 
the chemical and pressure expo-
sure, which presumably affects 
its ability to resist explosive de-
compression. A slow release rate 
in place of a rapid release rate 
enabled the study of the chemical 
damage mechanism (to prevent 
damage to the specimens). For 
mechanistic understanding, the 
role of CO2 solubility was ex-
plored.

Results
The results included the fol-

lowing testing and analysis, and 
will be discussed in sequence: 
Mooney viscosity, MDR cure rhe-
ometer, volume and weight 
change, tensile properties, dy-
namic mechanical analysis, 
modulus profiler, Mini-DeMattia 
crack growth, tear properties 
and compression stress relax-
ation results. The damage char-
acterization methods were: ten-
sile properties, DMA, modulus 
profiler, Mini-DeMattia crack 
growth, tear properties, and 
compression stress relaxation 
measured after one, five and 28 
days of exposure.

Mooney viscosity
The Mooney viscosity of these 

compounds are shown in Table 
2. All of the compounds had high 
Mooney viscosity.

MDR cure rheometer
The MDR cure rheometer re-

sults are shown in Fig. 2 and 
cure times in Table 3.

Volume and weight change
The volume and weight chang-

es for the three compounds 
helped to determine how they 
were affected (Table 4). The time 
of the measurements were imme-
diately after degassing; 10 min-
utes after degassing; and two 
days after degassing. These re-
sults were helpful for under-

Fig. 3: Tensile stress strain curves as a function of exposure for FKM.
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Table 4: Volume and weight change during and after CO2 exposure.

Modulus profiling:  Modulus 
profiling was measured accord-
ing to the published technique in 
RC&T, 74, No. 3, page 428 
(2001).3

Materials: Three compounds 
were prepared as shown in Ta-
ble 1. The description of the 
polymers is:

• Diakin G 901 = vinylidene 
fluoride, tetrafluoroethylene, 
and hexafluoropropylene (70.5 
percent fluorine content, 1.91 
spec. gr., 48 Mooney viscosity at 
121°C);

• Nipol 1032 = 33 percent 
ACN, 51 Mooney, 0.98 Spec gr.; 
and

• Zetpol 2010 = 36 percent 
ACN, 85 Mooney, 0.95 Spec. gr., 
96 percent hydrogenation.

Rapid gas decompression test: 
The NACE TMO-192 rapid gas 
decompression test conditions 
were used, including 100 percent 
CO2, 5.2 MPa and room tem-
perature. To avoid damage to the 
specimens caused by decompres-
sion, a slow release rate in place 
of a rapid release rate was used. 
The CO2 exposure times were 24 
hours (1 day), 5 days, and 28 

days. An example of pressure 
and temperature output is shown 
in Fig. 1.

Purpose and scope
The purpose was to better un-

derstand the damage mecha-
nisms during downhole simula-
tion testing (rapid gas 
decompression testing—RGD 
testing).  The scope of work in-
cluded three downhole formula-
tions (FKM, HNBR, and NBR). 
The downhole simulation test 
method was based on NACE 
TMO-192 (100 percent CO2, 5.2 
MPa and room temperature). 
Exposure time was varied from 
one to 28 days. The damage 
mechanisms were elucidated 
with various characterization 
tests.

The motivation was to deter-
mine the key chemical damage 
mechanism during RGD (and 
downhole) exposure of rubber 
compounds to chemicals and 
pressure. The property changes 
as a function of exposure time 
were measured. The characteri-
zation methods included dynamic 
mechanical analysis (DMA) by 
strain sweep, tensile properties, 
machine groove trouser tear 
(MGT), modulus profiler and 
Mini-DeMattia crack growth.

 Furthermore, the effect of the 
RGD test on compression stress 
(relaxation) was determined. The 
goal was to understand the dam-
age mechanism associated with 
the chemical and pressure expo-
sure, which presumably affects 
its ability to resist explosive de-
compression. A slow release rate 
in place of a rapid release rate 
enabled the study of the chemical 
damage mechanism (to prevent 
damage to the specimens). For 
mechanistic understanding, the 
role of CO2 solubility was ex-
plored.

Results
The results included the fol-

lowing testing and analysis, and 
will be discussed in sequence: 
Mooney viscosity, MDR cure rhe-
ometer, volume and weight 
change, tensile properties, dy-
namic mechanical analysis, 
modulus profiler, Mini-DeMattia 
crack growth, tear properties 
and compression stress relax-
ation results. The damage char-
acterization methods were: ten-
sile properties, DMA, modulus 
profiler, Mini-DeMattia crack 
growth, tear properties, and 
compression stress relaxation 
measured after one, five and 28 
days of exposure.

Mooney viscosity
The Mooney viscosity of these 

compounds are shown in Table 
2. All of the compounds had high 
Mooney viscosity.

MDR cure rheometer
The MDR cure rheometer re-

sults are shown in Fig. 2 and 
cure times in Table 3.

Volume and weight change
The volume and weight chang-

es for the three compounds 
helped to determine how they 
were affected (Table 4). The time 
of the measurements were imme-
diately after degassing; 10 min-
utes after degassing; and two 
days after degassing. These re-
sults were helpful for under-

Fig. 5: Tensile stress strain curves as a function of exposure for NBR.

Fig. 6: Tensile stress strain curves as a function of exposure for NBR (low 
strain region).

standing the property changes 
during exposure.

Tensile properties
The tensile stress strain 

curves for the three compounds 
are shown in Figs. 3-8. There 
was an observed decrease in low 
stain modulus (softening/Mull-
ins Effect). It was presumably 

the result of swelling/stretching 
under CO2 pressure.

Dynamic mechanical properties 
(strain sweeps)

The dynamic mechanical 
strain sweeps are shown in Figs. 
9-11. The observed decrease in 
low stain modulus (softening/
Mullins Effect) was presumably 

the result of swelling/stretching 
under CO2 pressure. To confirm 
that assumption, we examined 
the modulus at 0.1 percent as a 
function of exposure time. 

The modulus data and rates 
are shown in Fig. 12. The modu-
lus decay rates correlated with 
the volume change (immediate 
volume change), indicating the 

mechanism governing modulus 
change was swelling/stretching 
under CO2 pressure.

Modulus profiling
The modulus profiles of the 

exposed slabs as a function of 
position from edge to edge are 
shown in Figs. 14-16. The modu-

Fig. 7: Tensile stress strain curves as a function of exposure for HNBR.

See Damage, page 18

Fig. 4: Tensile stress strain curves as a function of exposure for FKM (low 
strain region).
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Fig. 20: Tear force as a function of displacement for NBR.

Technical Technical

Fig. 10: DMA strain sweep at 30ºC as a function of exposure time for NBR.
Fig. 19: Tear force as a function of displacement for FKM.

Fig. 21: Tear force as a function of displacement for HNBR.

Fig. 9: DMA strain sweep at 30ºC as a function of exposure time for FKM.

Fig. 8: Tensile stress strain curves as a function of exposure for HNBR 
(low strain region).

lus values, in general, decreased 
with exposure, presumably the 
result of swelling/stretching un-
der CO2 pressure (softening/
Mullins Effect). In particular, 
the HNBR modulus values de-
creased after exposure.

Mini-DeMattia crack growth
The Mini-DeMattia crack 

growth results are shown in 
Figs 17 and 18. Evidence of 
damage (loss of crack growth re-
sistance) was observed after five 
to 28 days exposure in CO2. In 
particular, the five-day FKM 
and the 28-day NBR samples 
had faster crack growth rates 
than their unaged controls.

Tear strength
The tear strength results are 

shown in Figs. 19-21. Presum-
ably, the damage mechanism is 
decay in polymer-filler interaction 
caused by swelling/stretching. The 
tear strength decay rates were de-
termined (Fig. 22). The tear 
strength decay rates correlated 
with the CO2 volume change (im-
mediate volume change) (Fig. 23).

The conclusion was substanti-
ated by the good correlation. 
Tear strength loss rate was pro-
portional to carbon black loading 
(Fig. 24). Presumably, the extent 
of damage from swelling/stretch-
ing is related to the carbon black 
loading. 

Compression stress relaxation
The compression stress relax-

ation (CSR) results are shown in 
Fig. 25 as a function of CO2 expo-
sure time for three oil/gas drill 
packer type formulations. Com-
pression stress relaxation loss rate 
was proportional to weight change 
after two days (Fig. 26). The CSR 
force measurements were per-
formed 24 hours after degassing. 
The CRS appears to be governed 
by the level of residual CO2.

Summary and conclusion
Tensile properties, dynamic 

mechanical properties, trouser 
tear, Mini-DeMattia crack 
growth and compression stress 
relaxation were measured as a 
function of CO2 exposure time 
for three oil/gas drill packer type 
formulations. DMA modulus de-
cay rate was proportional to vol-
ume change (CO2 swelling).

The mechanism of deterioration 
in physical properties was swell-
ing/stretching during CO2 expo-
sure (RGD experiment NACE 
TMO-192) with associated decay 
in the modulus (Mullins type soft-
ening). The DMA modulus decay 
rate correlated with volume change 
(immediate volume change). The 
performance ranking (resistance 
to modulus change) was HNBR ~ 
FKM > NBR.

The tear strength loss rate was 
proportional to volume change 
(CO2 swelling). Loss in tear 
strength also correlated with 
carbon black loading.  Presum-
ably, the damage mechanism is 
decay in polymer-filler interaction 
caused by swelling/stretching. 
The performance ranking (resis-
tance to loss of tear strength) was 
FKM ~ HNBR > NBR. This cor-

Fig. 11: DMA strain sweep at 30ºC as a function of exposure time for HNBR.

Fig. 12: DMA modulus decay rates.

Fig. 14: Modulus as a function of relative position for FKM.

Fig. 15: Modulus as a function of relative position for NBR.

Fig. 17: Mini-DeMattia crack length as a function of cycles for FKM.

Fig. 18: Modulus as a function of relative position for NBR.

Fig. 13: Modulus decay as a function of volume change.

Fig. 16: Modulus as a function of relative position for HNBR.

Damage
Continued from page 17

related with carbon black loading.  
Stress relaxation (CSR loss in 

sealing force) was governed by a 
different mechanism. The CSR 
testing was performed 24 hours 
after degassing. The CRS ap-
peared to be governed by the 
level of residual CO2 by weight. 
Presumably, residual CO2 acts 
as a plasticizer in the compound 
after 24 hours. After weeks, all of 
the CO2 has diffused out of the 

Damage
Continued from page 18

See Damage, page 19
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Fig. 20: Tear force as a function of displacement for NBR.
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Fig. 19: Tear force as a function of displacement for FKM.

Fig. 21: Tear force as a function of displacement for HNBR.

Fig. 22: Tear strength as a function of exposure.

Fig. 24: Tear strength loss rate as a function of carbon black loading.

Fig. 26: CSR decay rate as a function of weight change after two days.

lus values, in general, decreased 
with exposure, presumably the 
result of swelling/stretching un-
der CO2 pressure (softening/
Mullins Effect). In particular, 
the HNBR modulus values de-
creased after exposure.

Mini-DeMattia crack growth
The Mini-DeMattia crack 

growth results are shown in 
Figs 17 and 18. Evidence of 
damage (loss of crack growth re-
sistance) was observed after five 
to 28 days exposure in CO2. In 
particular, the five-day FKM 
and the 28-day NBR samples 
had faster crack growth rates 
than their unaged controls.

Tear strength
The tear strength results are 

shown in Figs. 19-21. Presum-
ably, the damage mechanism is 
decay in polymer-filler interaction 
caused by swelling/stretching. The 
tear strength decay rates were de-
termined (Fig. 22). The tear 
strength decay rates correlated 
with the CO2 volume change (im-
mediate volume change) (Fig. 23).

The conclusion was substanti-
ated by the good correlation. 
Tear strength loss rate was pro-
portional to carbon black loading 
(Fig. 24). Presumably, the extent 
of damage from swelling/stretch-
ing is related to the carbon black 
loading. 

Compression stress relaxation
The compression stress relax-

ation (CSR) results are shown in 
Fig. 25 as a function of CO2 expo-
sure time for three oil/gas drill 
packer type formulations. Com-
pression stress relaxation loss rate 
was proportional to weight change 
after two days (Fig. 26). The CSR 
force measurements were per-
formed 24 hours after degassing. 
The CRS appears to be governed 
by the level of residual CO2.

Summary and conclusion
Tensile properties, dynamic 

mechanical properties, trouser 
tear, Mini-DeMattia crack 
growth and compression stress 
relaxation were measured as a 
function of CO2 exposure time 
for three oil/gas drill packer type 
formulations. DMA modulus de-
cay rate was proportional to vol-
ume change (CO2 swelling).

The mechanism of deterioration 
in physical properties was swell-
ing/stretching during CO2 expo-
sure (RGD experiment NACE 
TMO-192) with associated decay 
in the modulus (Mullins type soft-
ening). The DMA modulus decay 
rate correlated with volume change 
(immediate volume change). The 
performance ranking (resistance 
to modulus change) was HNBR ~ 
FKM > NBR.

The tear strength loss rate was 
proportional to volume change 
(CO2 swelling). Loss in tear 
strength also correlated with 
carbon black loading.  Presum-
ably, the damage mechanism is 
decay in polymer-filler interaction 
caused by swelling/stretching. 
The performance ranking (resis-
tance to loss of tear strength) was 
FKM ~ HNBR > NBR. This cor-

Fig. 18: Modulus as a function of relative position for NBR.
Fig. 23: Tear strength loss rate as a function of volume change.

Fig. 25: Compression stress relaxation as a function of exposure.

Damage
Continued from page 17

related with carbon black loading.  
Stress relaxation (CSR loss in 

sealing force) was governed by a 
different mechanism. The CSR 
testing was performed 24 hours 
after degassing. The CRS ap-
peared to be governed by the 
level of residual CO2 by weight. 
Presumably, residual CO2 acts 
as a plasticizer in the compound 
after 24 hours. After weeks, all of 
the CO2 has diffused out of the 

compound. Probably, this effect 
is a short-term effect.  
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MEYOMESSALA, Cameroon—
Construction of Corrie MacColl 
Ltd.’s new Sudcam factory is com-
plete and operations are underway. 

The $16 million facility serves 
the company’s rubber plantations 
in Cameroon and initially is pro-
ducing concentrated latex, the 
company said.

“The factory is poised to supply 
the European and North American 
dipping industry (gloves, condoms, 
balloons), as well as specialty prod-
uct makers (automotive, household 
and industrial applications),” Corrie 
MacColl said in a statement re-
garding completion of the project.

“This is a great achievement by 
our team here in Sudcam. 
COVID-19 presented numerous 
obstacles to overcome but the 
team persevered and has pro-
duced a fantastic result,” Sudcam 
plantation CEO Jimmy Francis 
said in a statement.

The new facility has an annual 
production capacity of 37,500 
metric tons of concentrated latex 
and TSR CV/L grades.

Production started Jan. 15.
“Corrie MacColl is now unique-

ly positioned to supply the west-
ern hemisphere with specialty 
grades of natural latex, being the 
only producer of concentrated la-
tex in Africa,” the company said.

The firm’s factories in Camer-
oon now have a combined latex 
capacity of 53,000 metric tons 
taken from 31,000 hectares of 
rubber trees at the Hevecam and 
Sudcam plantations.

Latex production from these 
farms is expected to rise from 
10,000 metric tons this year to an 
estimated 60,000 metric tons per 
year starting in 2030 and beyond 
“as our trees mature and come into 
production,” the company said.

The new site also is focused on 
sustainability. It uses 100 kilo-
watts of solar power, recycles 100 
percent of its effluent water and 
harvests rainwater.

The new facility will rely on 
company-owned trees at the Sud-
cam plant as well as production 
from nearby farmers. The Sudcam 
plantation in Meyomessala has 
about 4.7 million trees planted. 
But because it takes years for rub-
ber trees to start producing, pro-
cessing at Sudcam only now is 
starting to ramp up production.

Before the opening of the new 
facility, output from Sudcam was 
sent to the company’s Hevecam 
plantation for processing. 

Most of the output from Sudcam 
will remain in liquid latex form to 
supply, but some of the material 
will be transformed into dry rub-
ber, the company previously said.

Corrie MacColl also is creating 
an extension of its Ohio-based 
Momentum Technologies Labora-
tories to be located on site. The 
natural rubber and latex lab will 
help with equipment selection, 
training and certification efforts.

“Bringing together a factory 
and an on-site laboratory pro-
vides the advantage of a full-ser-
vice offering as well as a strategic 
center for R&D,” Francis said.

Halcyon Agri Corp. Ltd., parent 
to Corrie MacColl, purchased the 
Cameroon plantations in late 2016.

Corrie MacColl 
opens new 
rubber factory 

By Jim Johnson
Rubber & Plastics News Staff
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