14 Aubter & Plastics Mows = Soplambar 20, 2004

v blinnnows com

Passenger tires inflated with nitrogen age slower

By John M. Baldwin, David R, Bauer
and Kevin R. Ellwesd
Fenf Lioks Ca
Hetire inflntion is comaean 10 severl

o
axidutinn in the rubber compounls,
.\ulu‘md mutarcyele racing wee sitsogen
]h.ﬂu s inherent Iy dry compared e

vd air. Depending o
mnllu' nftlu: inflution nir, tire pross
can change dramntically (and non-lin-
wnelyh during the heat build cnosed by

ctabily as
ns heeause it dves it readily
ahearh o eneey waler, Lurge fires weed
o aff-rond vehicles in the mining indus-
try, for exnmple, vse fitrogen o prevenl
iwateedgnition of thee tEres due to the
tempreentieees nind thick trends.
Aelajivn of sitrigen tire inflation into
prssenges il Lruck tine hoan boon much
alvwer. Seme repsens Tor the slower
mifnption eate of nltrogen inflation into
i m npplications m 4 n:u-ss:-
hility Lo nitrogen inflation systems, 2,
wast ol aitrogen influtinn systoms, bath
ta the provider and the wser, ol 5.
donrth of information as to the benefts
of nitrugen indlntaon for cither the Nect
WWROE o avernge consdiner, One benelit
of eeing Nein claimed ta e higher nir
pressure retention beeneer of the lower
peemenbility of Ni than O theaugh 115,
H nod BB compuunids, While this is

troe in contrallod lobogatory tests of

[riastign ot lan 3n s, the benglit le
thue real wazld eonsimer coulid e sone-
what Jess, Pressiee loss die to leakage
arnundl the rim Bunge seal of the Lire 1

Executive summary

hivs been o substantiol amosnt of interest in Ne inflation of tires over
the years, Matire inflation s used in the zerospnee nnd encing industsies and is
Tiegnnbig to moke incoads into the I haul mldcl:l;. industry. Some of the
aniin benefits of using N: ns an infinilon seedivim are: LT Dir pressure relen-
tion due ta lower permenbility than Of thrawh TR, \R and SBR compounds
which lends to improved R nileagel: lnear volume: L"lpll!lﬂml \\nh 1o HIJK‘M-
ture hecnuse of nitrogen's 1y bow wuter af e
the expoeted oa n-du:-
thon in ruliber oxidation tox:dnhnn enused by aic frmn kiu: eavity buing foreed
inta the Hre earenssl, With the wdvent and commarcinlization of pelymer men-
beane separation lL‘d‘“qul!'-ﬂ N1 genorntion ks beeorse much more affordable
and casier i mnintoin than in the post. This paper will investignte O effeee N
infintion lias on the sven nging performanes of jassenger tires. Riesults from
field aging studics, along with oven aging stodies usinyg nir nnd o GG mixture
ol M0: s snftation miedlin, show significant changes in e tire rubler propee
ties with time, When Ns i= used as the inflation medin, the chunge in rublor
tes is slowed down signilicantly or even halted.

the rin and alo tho valve seal o the
whael iplus pressure loss through the
wnlve itsedl enild neeount for some of e |7
air loss experienced the tepical con-
sasmer, for examply o chierncleriatic | trieved from the ficld noeliciu;
linear valume expansivn with temgera- | Bri TFirestany, Guady
ture beenise of st i . Topuiede From e sludyv:
water alhorplinn elnmeteristies 18 no
Benefit 1o e ave mpe abriver heenise the

v, including the mechonism of nging?
e MOTEA stwly ineluded “eut b

el eheevieal prapertics of led aged

annlysis of apgireximately 150 tires re.
il Ly
enr and

“he general pottern of change Dnli-

virtea that crossdi
dline o aerehic amd
dominant

e al U
e rnuml 1 b defoetive
I physical properdios
nl'l]n- rublber D thee uh.n.-l belt mren hizd
deterisrated e 1o axidntive aging.
Studies condueted by this Inbratary
coailirm the NITEA lindings." Furthor
wark hus demanstrated that acceleratel
axtdutive aging of tires can be nccom.
plisbied Ty wee of nn aver and the meels-
nnism af aging is identical 10 tices ol
IniM‘Il Fram the Beld
1M the wse af nitrogen aa the influtinn
ralin ean slaw duwn ur retird the axidn.
tive degradution of tire rullier, then the
alurability ol i Tkl e faiparoved,
Oune meelanism fir how tine durahbili

idntive aging of the wedge rabber.

Tl wedge rublier in n steclbelted ra-
linl tire i added e help prevent el
e separntions from coeurring, Tt is for
renzon that the wedge riliber is one
ol Tl st o parient Une esmpumenss;
the wedge rubber holps determine (the
durability of a tire, As o lire gies

See Nitrogen, page [6

Dabling re o ¢ caiis-
unw]n-n. near as demnnding
g for Faciig: the improvenent would be
el impurecptib

Flg. 2. Data analysls {“Ahagon Plot"} used o understand aging mechanism of
wedge rubber. The plet i of ha [og of the steain ratio at break vs, the leg of the
madulus ot 100-peraent atraln. Linear Type | eging o ccmu[ﬂnma nunnnl. oxldative

aging. Type Il aging is

The oxpected nprovemeat in strctur.
al diteabibl ity due to o significant redue.
tivat in rubler oxidation, however, coulil

dliffusion limited ox|dation (DLO}.

- The mecha-

nism for Type Ill Is high tomporature axidolive aging. which n!w cwld b enlfod

b 4 tremendous benelit o bath the Necs

vwner nnid consemer. 1L is bolioved that 0.8 T

rubbar cxiilation in the intesioe of a lire

i gaugold By aic from 1l
into the tire earenss. The Natinal

Highway Traitle Snfny Administration

eocently comploted o slody into the phvs.

Fig. 1. Tire nomanciotuce weed In this paper,
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Nitrogen

Cantinned fron puge 14
through repeated stress cyeling during
its lifetime, Lhe strains are the groatest
at the belt edye, Whon the wedige rubber
aerobically ages, the muterial begins to
stress hardon, This stress hordoning
Lowers the vlongation ot break aml moy
lower its resistunes Ba crack growth die-
inje the stress cyeles. This is impartant
bucause tread and belt delaminstions
h = growing from tle
wedpge inward between the steel bolts,
Nitrogen inflation could prevent the
weilge from gtress hardening, thus jn-
proving the crack growth resistance,
which in turn wonld improve tire dura-
Earlior work done an tulo-tyge
bius ply tires ond readwheol tested
stealbelted rudials hus shown inprove-
monts in durability eompared Lo airine
Flated tires
The research prosanied in this paper
will concontrate o the efect nitro
tiee inflatian has on the changs i il
bur propertics around the sieel belt of
the tire. Tires inflated with 96 percent
and 999 pereent nitragen were oven
aged at #°C for three to 12 weeks, For

aged alengside the nitrogen-inflated
tires. After aging, tires wore cut and
numbier of tests were performed, Thivse
inclibed the measurement of peel fores
botweon the first and second stecd balt,
which is a mensere of the tearing energy
of skim rubhor, Tensile and elongation
properties ilso were abtnined from s
ples of the wedge rubler located be-
tween the stee] belts in the sheulder,

=7

Experimental

Materials

Chnes tire epe was used in the study, o
Goodyenr Wrangler AI' LT245/75R16
(DOT Code: MDUIAPWVADDE), Tires
woere moiented nnd inflated o the oo
min pressune listed an the sidewall pri-
aF toven aging: 450 KPa (65 pail. In the
cnse of tires inflated with the 5050

Technical

Blend of No0h, the atmospheric air pre-
#ent was not purged; the blond wos
addvd s top of it vielding a tive wavity
comeentration of approsimately 44 por-
eent (k. For tires inflated to 96 poroent
nitragen, S99 poreent pure nitrogen
was sl v top of the atmospheric air

gy 9.9 percent pure nitregen cavie
woere inflated wnd purged 10 times
wich with $8.9 percent nitragen, Tires
ere gl in the same ovens fir three,
six, mine amil 12 weeks at #PC. Now
tires wore analyzed unnged nnd weed s
the baseline condition. The ovens wero
calibrated per ASTM E 145 with an
ALLA approved, modified method for
temperature wniformity, consistency,
Flaw exchanges and airflow volocity,

Physienl properties

Tenaile and efongation—Spmples of
the lelt wedge rubler (Fig. 1, located
Betweon balts 1 and 2 were romoved
Troan both shoubders of unaped and aged
Aires and bufTed to o uniform thickness
ol 5 to 1.0 min. Care wis taken so it
s heat was | | ta

B T COmT
witde rudial seetions. bead to bead, The
anmple was then seclioned into twe 1,95

el (31,75 mmi radial strips, which
were ench eul circumferentially at the
eenterline of the treud, re
tesl specimons (2-55 qml 0550, Ench
snmple was eut with a enzar knifo for
lengeh of 1 inch (25,4 mml. from the
skimn end of the test atrip, midway be-
taveen the by a fneilitnte gripping
the ends i e T Streas/Strnin
Tuator juws. Thee sides af saeh specimen
were seored midwny between the belts,
o a depth of U8 inch (3175 nom ) radial-
By Tram thee end of the gripping su
fa the end of bolt 82 in the shoulder
mrea. providing a 1 inch wide peol see-
tion, The peel test was perfornted at 2
inches per minute (50.5 o ol 24

the samples by the buffing, Specimons
wore dic-cut using an ASTM [V 635 Type
V dumbbell die and tested per ASTAL T
41 Results obtoined included stresses
ut 2aeporcont, 5-pereent, 100-pereent
strain ol each  percont strain
thereafter, ultimate clongation and ten.
=ile sirengih. Snmples wore tested ot 2.0
inches por minute (50,8 cmiminute),
Peel wtren anples were pre-
pired by cul

ng .06 inch (635 mm)

of wkim o wed
rithber ehemical foromlation—An pt-
tempe wis made to reconsiruet the fir-
mislation, As the reader i= undoubitedly
aware, chemical reconstruction of o
thermaset rubber is difficult and the
i Enown only to the
Severtheless, it is impor-
fant 1o understand, at least geneeally,
the chemical mukoup of the compaund
ome is studying. Table I containg the re-
See Nitrogen, poge 15

comparison, tires inflated with either
airor i 5050 mixture of No0p were aven

present in the tive cavity, thus yvielding
the B geercent concentration, The tires

Fig. 3, Ahagan plot for tires oven aged at 60'C with ale, 50050 N&O;, 86 percont nl-
trogen and 100 percont nliregen as the Inflation media, The tires inflated with more
than 85 parcent nitrogen do not appear to change vory much fram the now lirs,
avan afler 12 weoks in the oven, whereas tiros inflated with the oxyganated media
change dramallcally, even afier throe weeks in the even.
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Fig. 5. Normalized prol strength vs. fime for tires oven aged at 60°C with alr, 50/50
Na'0:, 55 percent nitragen and 100 percent nitragon as tha Inflatien media. Tho ro-
sulls show that tires inftated with more than 95 percant nitrogen degrade at a much
slawer rate than tires inflated with air or S0/50 NOw.

Fig, 4. Hormalized strain o1 break vs. time for tires oven aged al 60°C with alr, 50/50
B0y, 86 percent nltragen and 100 percont nitrogen as the infintion media. Again,
tires Inflated with more than 95 percent nitrogen do not sppear to change very
much from the naw tires. The exception |s the data for tires at 12 weeks inflated
with 86 percent nitrogen, The boginning of oxidative degradatien can be scan. N-
tragen-intlated tiras, however, degrade for slower than lires inflated wih the axy-
genated madin.
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Fin. 6. A graph ol the normalized peel data wharaby th data for fires Inflated with
alr or 50/50 NJO: are shifted aleng the x-axis 1o line up with data trom tires inflated
‘with mare than 35 percont nitrogen. The data shifts cverlap and appenar 1o have an
excellont I to a logarithmie regression. This foct suggests that tha change in the

sirangth for nitragen inflated tires fs coused by oxidation in the skim rubber,
not by changes in the cresslink distribution,
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Nitrogen

Cwitinged from prage 16

eunstructed formula. It mppenrs that the
skim and wedye compouids for this
eanstrction are the same. 1L is olsa .
partant to realize that the formuls rep-
pesents the mubber as tested, st neces:
snrily as formulited

Results and discussion

As gt in the introductio
woedye Fulsber 15w of the mast i
tant components of the tine mnxlm:llhu
rolnted to durability, Chie of the mere
useful waye to analyze the change in

properties of thi weldge rubber (2 10 -
||r.! the data analysis method of Ahwn
and eieworkers, which eorrelates the

sbrain ratio ot brenk u\'llh the modulus

is portscularly wseful in
alistinguishing between different aging
mechunisms. By plotting the lyy of the
strain ratio st break ve, the log of the
meddulus at 10kpercent strain, o steaigit
line with m slope of 0,76 ie indieative of
the aerobic aging of rubber. This wpe
proach was areived al by tiking ane eon-
pand with different levels of sulfier wed
mensuring the stressstrain dota. The
anme conrpound (at one level of sulfur
weas then sxidntively aged and it wos
shown that the stress-steuin data 1
hwved identically 1o the componnids with
inervased sulfur. Thus, the weehinism of
oxidntive aging wis infermed 1o consist of
ineremad crosalink formatinn. High tem-
peratine avrobic (defined as Type 11 g
gk ar possshly anavrobic aging muhm-d
e Type 1L ngingh of the rubber results in

data deviating from the straight line.

L is important W realize thnt the slope
af 075 is an empirically derived number
and mare than [ikely dependent on the
nging choeneterintie of the individunl
campusnd being studled. Carelul reading
of the referoneed stadies dovs nat yicld o
“first principles” renson for the slope to
b vy particolnr vadue. Fig. 2 is o ropres
setitathon of lew dita for the virimis age
types winld Jook in graphis Torm.
ally nging MR typicolly stress
hardens, feading {0 Iower clongation,
which yields o prediction of a negative
alopee, given the data treatment show

Figg, & shows the results for the tires in
thiee present stuly platted i the nuomner
deseribed above. The nitrgen concentm:
tions in the
af avean agginge firr thie four fllingg gos con-
Afitions were fin ascending orderi: 58 per-
cont ithe BIG0 K0 inlation Blead with

b Sam

| atasphere of air present ), 78 percont
Amir infiat E

teogen with the | atmesphars of aie
purged i, The tires were nged ot G0°C for
three to 132 weeks, As can bo seon in Fig.
3, the wedie rubiber of the lires contain-
ingt more thon 95 percent nitragen eape-
rienerd almost no chiange in stressstemin

propertivs, even after 12 weeks in thie
wween, whil tires filled with air or GG
Nk exporioneed a substantial change
afteranty thre weiks of oven aging, Thi
ehnnges seen in the data for tires inflac-
ad with mure than 93 pereent nitroge
dne consintent with complotion ur\unm-
of the new tire, not oxidintive aging. '
excluded paints on the graph an: I'anlm
with aie anil the 5060 NaO: mixture at
E2 weoks in the aven, The meeluism of
agghng s been affected by boss of cxgen
due 1o permeability over that time and
e nielatian of the wodge Fnldiar B
became limited by diffusinn.

A adiitionnl method wsed to analye:
the duts wis o plot the normnelized
strabn ratio at break va. residence thne
in the ovens at 60°C (Fig, 41, Narmal-
teed strain ratio ot break is determined
i iz the strain at break of a tine
aggal in Wl wven fur L Lo b) tennd afi-
viding it by the steain ol break for o
new, wnaged tire (el The results in
Figg. 4 show that fur tires inflated with
mare than 85 percent nitragoen there is
an initinl drop in stroin ot break. The
reason for that again could bo that new
tires generally are widercured and thee
cantinuation of cure wes eompletod due-
i the firse three weeks in the oven,

Altor the first three weeks, the resules
are unchanged for the durations tested,
excepl for the point at 12 weuks svon du-
eati anld $ percent allrgen coneen-
tration. [t may be that the oxygen con-
eonteation present in the e ook that
oy Lo rench the wedge in concontra.
tivns largpo erviugh to affect the strain at
break propertses. Again, tires flled with
QOG0 W00 expericneed o sule-
stantinl change after only threo wooks of
wvan agingg il continued teat trend out
to 12 weeks.

Qe eonelusbon that 8 (neseapabie
from this initial work is that the scdn.
viom ol the steel Belt rubbes trly s dr-
wen from the contnined air pressure i
side a normal passenger or light truck
tire, Granted, the mte of degradation
warilil e mach higher i ne holubuty] ne
neeliner wis present, b presanes
ol innerliner and antioxidant prekages
onily slowe the rate of degradoation, et
liminating it,

Pool strengihs of the steel belt com-
posites nlsa were evalunted. The peel
strength s a measure of the e re-
quired 1o seporate the two stee] belis
En e way to measere earing
& shows the results of the
mlrﬂulHMd greed steengeth ve, Doy time.

puel nln.nglh i diterm
by dividing "ll.' peel strength of o tire
apeid in thi oven For time tiph ond di-
viding it by the peel strength for o new,
winnged tire (o

As upgused ts the pesalts for che
strnin ol break of moteriol olbtained
from the wedge region of the tire, the
peul strength of rubiber rom the mueh
thinmer skim region dues depgrade with
time for all inflation modin weed in the
#tudy, The reaults in Fig 6 also show,
lowever, that the tires infloted with
more thon 96 percent nitragen degride
st o much slower poce than tires inflnl-
ol with air ar 5050 N The fuct that
tires inflnted with either 86 percent or

.9 pereent nitrogen degrade almost
uh-nlk:lb leads one o believe that ei.
See Nitrugen, page 19
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i sgnifcontly owar than whon the |

filled with air.

on the ater (PR el
warly s

S
P
Nitro gen PR
ed by possible difisio
dnhwn effecta at 60°C va, ambient tom-
et

poe 1

o g it ks
il o the outs e of the 1(re oF
thnt the chansy In peelstrenith s due

o enagh i the tven 5o that i nevor
roaches the wodge and nly sl

Leril proporice o
o vestigatend annd wi
in forure inygen
surements arv buing takon on the skim
“tock fa determine whother oxggen is
ruaching the arva from another sour
% distribution meos
e b dricrmine i

monts are

any aulfur reareangerents have oc.
eurred.
The data el 5 b, all

appear Lo be chunging aceording 1o the
Samo mochanism. B thai s true, then
ane should be aie s
cordinig o Hone-prescure superpositia

e 1t ol
e teperatunes the dxygen ooctivity
i increas mblen: temperature
hassescr, more asygen ey ach (b

ecl

skim andpedaps eves et thy el
i 10 sy Wt thre o
ot bt he i s e
th i the shuenct o i de e preaie.
ntion in the wedge wl skim regions
vl i il the 5
 higthvr than whit i v
o it Bl

canging |)w mechnniwm of deprodatjon
int twerl e pan e,
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