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INTRODUCTION
The anticorrosive proteclion of stecl wilh zne coat-

Mgs 15 a cormmon procedure. Among these treal-

menls, hot-dip galvanizing is a typical procedure
for prolecting steel structures which are to exposed to
the elements of lhe atmosphere.,

A great number of palvarived steel structures have
been exposed to the almosphere for many vears withont
any type of additional coating, As cemseguence of siach
aggressive caposure, the thickness of e zine laver de-
creases sipnilicantly and provides inadequate prolection
to the base steel, whidh may come Lo show evident sigm of
corrosion. This is especially the case in indusleial or ma-
rine environments, which ae very aggressive and pro-
mote a sighificant attack on the zinc coating.’ [ such
situations the option exists to painl the struchire—after
condilioning the weathered surlace—in order to profong
its service life and delay the degradation of the protective
Zine coating,

On the other hand, the Painling of new palvanized
sleel structures may occasionally be rosiponed to allow
the zine surface to be exposed for some lime to the atmnos-
phere. This was fnvmerly commen practice and was car-
Tied OUL intemtionally in'the belief that the weatherin g of
galvanized steel led to better adhesion of the paint sys-
lem.= Today Lhis practice is advised against, since it has
been seen in some situalions that e risk of premaltire
failure of a paint system is hi gh when it iv applied on
galvanized stecl weathered in the atmosphere,

The painting of galvanized steel has been the subject of
many studies.= T Towever, there is 2 relative SCArCily of
published information on the painling of weathered pal-
vanized stee].

A determining factor of the success of the galvanized
steel+paint system— also known as the duplex syslem—
is the choice of an ap propriate paint system for applica-
tion on lhe vinc coaling, since pertect compalibility be-
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Thf! durability of a paint costing applicd on g
galvanized steel surfice which hms been exposed
for a certain time fo the atmosphere depends on the
aggressiveness of the aimosphere, the preparation
of the weathered surface prior fo puatrting, and the
type of conting applied.

This work presents the results Of an afmos-
pheric corrosion study carried out over 11 Years i
three Spanish atmospheres of righly different de-
grees of aggressivencss (Madrid, Bilbuo, and Ten-
erifes, applying eivhi pamt coakings on galvanized
steel weathered in different conditions and HSiHY
different methods to prepare the aged metallic sur-
face prior to painting.

bwecn the two must be ensured. There is lawgwn to be a
nelable difference between paintin g galvanised steel and
painting carbon steel. Cerlain paint syslems, such as e
case of alkyd paints and, in general, All nil-based paints,
show good behavior when applied on stecl, but are easily
delaminated from the surface when applied on zine
substrates.

'he behavior of the weathered palvanized steel / paint
swstein will depend not onl ¥ om the type of orpanic eoatin Iy
applied but alse on the state of the cine coating surface, In
practioe, 2 wide varisty of surface conditions fmay be found,
depending on the atmosphers tn which the struchure has
been exposed and the exposure time, tith difforent COTTO-
sion product layers and the prosence nr absence of soluble
salts (chloridesy, sulphates, etc.) amon & the corrosion prod-
ucts as a comsequence of the reaction of aimospheric pol-
lutants with Lhe sinc surface, ete. The sLeceess of painting
weathered galvanizod steel will depend both on the choies
of the appropriate paint system and the preparilion of the
ZIne surface prior lo painting.”

Yol 74, No, 935, December 2002 50



[ de la Fuente at al.
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The lundamental alm of this study s to analyze the
influence of the surface condition of weathered galva-
Tized steel befure puinting on the subsequent behavior of
different paint systems when the latter are subsequently
exposed Lo almos pheres of different degroes of aggressive-
ness,

EXPERIMENTAL

Test specimens of 5 » 10 cm were cul from a mild steel
shewt of 1T mm thickness and subsegquently submerged ina
mirlten vinc bath to obtain a galvanized coating ol 54 um
average thickness,

After degreasing with trichloroethylene lhoy were
weathered in different enviromments:

fal Some spedmens were cxposed for 45 days to the
loww age ressive urban almosphere of Madrid, corrosivity
category C2 according to IS0 9223, Given he insignifi-
cantt amwount of cormesion products formed during cogpo-
sure, the subséquent conditioning of the weathered zine
surface was |imited to simple rinsing with organic selvenl
inorder Lo remove {races of dusl,

{b} (Mher specimens were artificlally weathered in the
laboralory by exposure in a humidity condensation cabs-
net (ASTM D 4585, eight days), salt fug cabinel {DIN
S021.7 ome day), or 50 cabinet (1IN 30018, 14 days),
respechvily, simulating a rural atmesphere, a marine at-
masphere, and an induslrial almasphere, Tn no case did
coreonsion products of the base sieel apEear. The weath-
cretd surfaces of the specimens were then prepared by
brushing using a skeel wite brush o by swoen blasting
with a 525 /540 shol-abrasive mixlure,

{¢) Somenvnweathered specimens were also prepared
by cleaming with organicsalvent or with S Ha{a commaen
praclice in some galvanizing shops in order ko improve
the adbhesion of the organic coating) or by blasting,.

Tatle 1 lists the 10 surface vonditions oblained and
bk

Fight paint systermns were then applied fillowing the
supplicrs” instructions. Talie 2 shows the charactoristios
of the tested paint sysiems. All were applied by alr spray,
except for paint systern 2 which was applied by brush.
Omly primoer was applied on the lower half of the speci-
mens, while bolh primer and topeoal layers were applied
on their upper halves, In Lhe case of the chlorinaled rabber
Aysterns (systerns 2 and ) oaly toposat was applied, one
coaton the lower half of the speamens and two coats on
their upperhalves,

The painted specimens wera stored in the laboralory
For omes mhomth to ersore that they were fully cured before
being subjioched o the different tosts,

Scribes were made on the right-hand side of the spea-
mens to evaluate the degree of undercoating delamination
fromn the soribe. The specimens werse then exposed o at-
mospheres of different degrees of aggressiveness  Madrid,
Bilbag, and Tenerife) (Table 3) and their state periodically
evaluated, paying special attention to the degree of blisler-
ing according by ASTR L2 7147 and the delamination of
Ihe coatings.

Acceleraled lesls were also caeried oul in humidity
condensation cabinets and salt fog cabinets, and meas-
urememts were taken of dry and wet adhesion ' Initial

Table 2—Characieristics of Paint Systems Applied oh Weothered Hol-Dip Galvanized Steal
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Table 3—Charachsistics ol Perfolmance Test

Atmospheric Corrasion Behavier of Paint Systems

CedTasiar rote, (umfyear

Lows e
Qe cin, whar conogphse Cily ol hocid
OEn ale wkar alosphens o, City of Bllogs
SN ain, monine croephsc
[UCMY STVETET e i Tenorifs o

Corrosivity Comeyony
Bowe 3ol Bire Zine according I 150 g2yt
2] .85 22
o0& ) o
270 114 =25

measiretnents wore made asing e cooss-hatoh or scribe
and tape tesl and later measurements were taken Lising,
the scribe and tape tesl following immersion [or 20 da k111
dislifled water. The 0,04 in, (1 rrm ) wide scribe was madc
using an Erichsen punch, while in the eross-hatch lesl a
lattice padlern (surfaoe of cross-ciet ares) was made b ¥ Cuts
separaled by O in. {1 mm).

RESULTS

In Tenerife, all the specimens were wilhdrawn after bwo
vears of exposture, Inall cases the specimens eaiposed wilh
only primer showed very significant damage, due to the
great degree of aggressiveness of the abmosphere, which
was appreciable and considerable from the first months of
exposure. Asfor the complete svslems (primer+lo o),
apart from some exceptions, practically all the specimens
failed, wilh the acrvlic and alkyd systems (svsterms f and
8) presenting the worst behavior, The stromy degres of
aggressivencss of Lhis atmosphere was only tolerated du-
i these firsl lwo years of exposure by some of Lhe speci-
mens protected by the olher systems, specifically thowse
thal had not been previously weathered or were weath-
ered in low aggressive atmosphoeres (ufban atm ceplure of
Madrid or humidity condensation cabinet)y

Exposure comtinued fof up to 11 vears in the urhan
enviraumnents of hMadrid and Bilbao, This paper refors to
the results ollained in these {wo atmospheres, and the
study focuses an the behavior of the different paint S5
tems, Lhe effect of weathering the galvanized coating in
different condifions, and the differend types of surtace
prepavation prior o paimting he weathered galvanizod
W]

wWithout Weathering

Table 4 presenls the results of the evaluation of the
degree of blistering shown by the paint systems after dii-
ferent exposiue times. Blisler size and frequency values
have been converted, according to ASTM D 714,1% inta
numeric values vsing he Keane conversion table s Thi
vinyl/ polyurethane system {system 19 and the chiorin-
ated rubber system pigmented with micacemas iron axide
system {supplicr 2) {system 4) offered the best belavior,
since after 11 years of exposure the specimens exposed
with complele painl systems (bwo coals in the case of
system 4y did not show significant failure rates in either of
the two atmospheres for any of the tested surface condy-
tions. However, some specimens of the chlorinaled rub-
ber-micaceous iron axide: svalermn [systern 4] cxposed to the
Madrid almasphere presented slight delamination of the
paint systetn when only one coat had been applied.

In comtrast, the alkyd system (system %) showed the
worst behavior, as was to be expected for a syslem that iy
nol recommended for this situation, and a significand
level oreven complete detachment of the paintsy stem ywas
obwerved wilh almost all the tesled spacirneny [Flitere 1)
Phis occurred both with specimens where unly the primer
was applied and those where the complele system was
applied, and was appreciable after s years of exposuce,

The rest of the syshems shawed intermediale behuavior,
with some occasional failures in certain condifions and
almospheres, though, In general, their rchavior was [airly
goud, especially in those cases where the compcle system
was applicd.

Specimens Weaathared In Low
Aggressive Condifions

Tabie 5 presents the sesults of evalualion of the degree
ot blistering, The best behavior again was shown by the
vinyl{ polyurethane system (system 13 and the chlorin-
ated rubber system pigmented with micaccous iron cxido
(supplier 2} (syelom 4), since no vignificant syonphomms of
deterioration were detected for any of the tested corudi-
tioms on the specimens exposed with the complele svs-
tems, However, as in the previous case, the chloinatod
rubber-micaceous iron oxide system presenked
delavmination problems o the lawer hall of the specimens
where only one coat had been applied. These systems,
together wilh the uther chlorinaled rubber-micaccous irom
oxide systern (supplicr 1) (systern 2), seemed Lo pertectly
lalerate exposure up 1o 11 vearsin both glmoapheres aller
weathering prios Lo painting, provided that the surlace
wats prepared with organic solvent in the case of weather-
ing ouldoors or by brushing or blasting in the case of
wealhering in the humidily condensation cabinet.

The alkyd system {system §) again showed the worst
belavior, with considerable delamination o all the spocl-
mens, while the rest of the systems presented imbermediate
behavior,

For the case of weathering in the humidity condenza-
tion cabinet, better behavior was generally observed for
the specimens prepared by brushing than those prepared
by blasting.

Specimens Waathered In High
Aggressive Conditions

Table & presents the results of the cvaluation of the
degree of blistering. All the complebe sysiems tested {1, 2,
3,4, and K} soemed to tolerate porfectly well wea thering in
the salt fog cabinet when the surlace was subsequently
prepared by blasting before application of the painl sys-
tem, Brushing, however, was not suitable for most of the

Val 74, Mo, 235, December 2002 [ |
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Toble 4—Dagree of Blistering, after Diffarent Atmaspheric Exposure Tirmas, far Specimeans Pointed on Nonweatherse Hot-Dip Galvanized Steaf
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s¥alems, excepl for the chlorinated rubber system
Pigmented with micacenus o, axide (supplier 2) fsysterm
1} which showad the best behavior,

The duplex sysiems {malvanized tramted) wore ob-.
served to be especially sensitive to [he presence of sul-
phate ions at (he megal /paint interface. Al the complete
Estems tested (1.2, 3, 4, and & ) shiwed sume type of
tailure in one or both of the two stations where the study
was carried oul in the two surface conditions tested . The
chlorinated rubber Caves iron oxide system {supplier
) (svstem 3) wealhered in 250 cabinel and blasted WEE
the only systemwhich did nor show failure in either of fhe
twoatmospheres. i gencral, beller behavior was ohserved
for blasied specimeny than for brushed s pecimens.

Adhasion Resulis

Table 7 shows the results of the adhesion lest performed
utder both dry and wel conditions. Since the seribe and
tape best is a “go-no go” method, there i no difficLMy in
differentialing between good and bad adhesion. Paint
syslems 1and 3 prosent the best general adhesion. Al the
ather end of the scale aTe SyRtems 4, 6, 7, and 8 {mol
Tecomunencded). In genera) lerms, the seribe tuyt (dry}is
less critical than the: crass-h teh test (dry), The seribe fest
{wet)is the most critical of the three,

The following overview nia v be drafted from the adhe
sion results: penerally. cog tgs adhere badly Lo freshy
galvanized steel. In this situaliom, a slight attick on-the
7INC surface by weathering in anon polluted almosphere,
or by slighl biasiin g, May improve adhesion by facilital-
ing anchorage (mechanical mlerlocking) of the paint to
the metallic substrate, (n the qller hand, if wealheri ng of
the zine suvlace is carmied ot n atmaspheres polluted
with 50 or Na(1, the fermation of soluble zine COrFrsion
products would favor the delomination of lhe paint coat-
ing I modst environmens, n these cases, it s ST Ty v
climimate the vine corrosiom products by effoctive surface
preparation,

DISCUSSION

Adler 11 years of 2 tmspheric exposure i the: rural almng-
pheres of Madrid and Bilbao, the hwo lested chliinated
rubber-micaceons irom axide sysfems and the vinyl/ acrylic
Syslem do et present & Bificant symptoms of deteriora.
Hon when spplied an a galvanized steel surface which
has not been presiounsly wealhercd or hus been slightly
weathered autdooms or i 3 humidity cabinel, jrres pective
of the surface preparation method vsed. With the rest of
the systoms, petter behavior is gencrally observed with
brushed specimens than with blasled sprecimens, Blast-
ing caused proater delerigration of the Frolective wing
layer, cven Jay ving the hase steg] pattly uncovercd—as is
observed in the BDAX analysis carried vut on the metallic
surface after blasting {Fiyure 23, This cand ilioming is Hiere-
fore both harmful apd WRAECESEary, Since no saling poiu-
tios {salublc salts) is foynd in the weathered zine coating,

When weathering has taken place in the galt [og cabi-
net, the blasting of e smzrface prior to applicalion of the
Paint syslem [Avors a botter subscquent behavior of the

Atmospheric Corrosion Behayior of Paint Sysrems

coaling, Simple brushing is not sufficient since it does not
achieve effective remaval of the saline pollutanty pEesent
in the wealhered ving coa tng. 'This can be seen in the C1-
peaks of the EDAX analvses carried vt o weathered
galvanized steel surfaces affor brushing (Figiore 3a) and

When weatherin K Is carried out in the 500 cabinet,
o of the teyted SYElems seer o perfecily tolerate the
Presence of sulphate ioms at the interface ager brushing ar
blasting, though, in geners |, better behavior is offered b v
the blasted specimens, Asin the case of wealhering in (he
sall foy cabinel, greater removal of saline pollutants is
achieved, as can be obscrved in the § peaks of the ororre-
spomding EDA X analyses (Eigure 4] Onee again, the bpct
behavier is affered by the chlorinated rubber svslerms,

Bath for nonweathered sutlaces and with the differery
types of weathering, fhe best behy Aoris provided by the
chlorinated rubher systems pigmented with mies CEOLLE
1100 oxide and by he vinyl/ polyurethane sysiem. Houw-
cver, with the chiorimaled rubber-micacemis iron oxide
SYSCIS A ES necessary fo assure g sufficient coeting thick-

| Figure I—Photograch of the FOMONE o
gL g T By R P St MONeCOmmendedg)
Qooed onRot-olin golvanizag staal WS e
far 45 qavs in an wriban atmosshare. offer I
VDTS OF eXposue in the Maciia ofmcsphens,
Almost nomeiete ABODnSSnCe of fhe falula
ing iz obssnest SXLEPHN some smal zaneas,
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Table 5 Degres of Blisterng, after Different Exposure Times, for Specimens Fainted on Hot-Dip Golvanized Skeel Weatharad in Low Aggressiveness Conditions: Quidoor
Exposure in an Utban Aimosphere ond Exposure to Humidity Condensalian Cobinet
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Flgurs 2—CDAX snecino of the zinc surface afrer
wECHASANGTN e Aumicify condsnsafion cohi-
nef and thaen cleaning by wins Erushing [ or
swael shot bigsting (b, The presencs of f2 in
the cuse of sween shot Blcisting shews it il
CEanNing mMathog causes some chmoge fatho
ANe Coafing, feaving e bose stes! cirtically
uhconaerad,

o

L bt o

a s

Figure 3—FDANSDecha of the zinc surface affar
weahenng in e solf fog cobinet cnd than
CIRANING By wire Brusting (o) or swasp shot
Cleasling (B, it iz sean fhat cleaning by swean
shol blosting s more effecive far Moy
chicrides, thaugh parl of e base steal is farr
Unooversd,

-

()

Lt thi

Figure 4—EDAX spectia of the zinc sutaca tfter
weothering in fis maistsuiphur cloxide cabinaf
andthen cleaning by wire brushing (o orswsen
S0t Biashing (0. Az in the cose of chloriciss,

sweelsharbiashingis sean o e mare effactive
forremoving sulnhotas, Mcugh potafthe bose
Stosl iz et imcovanso




|| Fonve 5— Fhiotogranh of the somyle core- ||
SEONGING fa sustern 4 (ohlomnoren reatabanr prig-
mented witty risaceods ion oxice GBuiptsr 7
SPied Shhot-ci gohanized srae; WIS s
in the Aumidity CoNdonsation cobinet and
Clocnen by wirs Srdlshing, cffer 1} vecrs of
SHIGHIE T e Mt cmasebere, Srolzonss
WAL Coting an the inwer SOl oF the spec-
men, wWihsre only cne coot wos e o
OEEanss,

ness. IF the thickness is oot sufficienl, small zones can
appear without coating topether with brown color stains,
Originating in the pigmen| (fmicavecus itom oxide), prih-
ably due o the seleclive eradin g uf the vihicle of the pain
[Figure R, somelhing that the authors of (hys wirk had
attcady observed in this f¥pe of systein in o previous
sludy, ¢

The worst behavior ig olfered by the aery e systoms
and Lhe alkyvd systom, especially the Latter, which shows
significant delaminalions in all the conditions tesled bath
weathered and nonweathered. This e something that was
wipected and well known, since (his SVSLem is hot recom-
mended for application on galvanized steel. A Tkyel paings,
and, in general, a1 oil-based pamts, delamingre casily
from the winc subsirate by reacting with it ke form s0apE
{suluble salts)h which degrade adhesion al the metal / paint
inteTface.

Intermnediale bebavior can be [ound with the rest of the
systoms,

Thereisvery mood correspondence between the rosu | by
of aceelerated tests in e huatidity cabinet amd salt fog

Atmospheric Corrosion BehnviorofPainfSysrems

cabinet' and these ollained in the ahnospheric exposure
teost. This is observed with regrard (o both (he promaible
classification of the tsted patn SYStEMIE a5 2 functiom of
their anticorrpsive behavior and, on the alher hand, the
greater efficienoy of blasting compared with brih ng when
saline pollutants are present and (he greater elliciency of
brushing when such poliutants are absent

[lowever, as was mentioned in an earlicr paper by the
authors, ™ the TOCASULCInEnt of both o Tvand wet ad hosign
of the painl film is not a goud method for predicting
coating behavior on weathered galvanived sleel, Some
cases have been reporied of bad ad hesion under dry o
wet condilions alongside good in-service bakbavi o, srch
as the ehlovinated mbber gystem plgmented will mica-
Cenus irom unide (supplicr 2). Certaimly a correlalion be-
tween loss of adhesion and corrosion Frolection dies not
alwavs appear to exist.

CONCLUSIONS

The chlorinaled rubber systems piemenled with mica-
coous iron oxide and the vinyl/ polyurethane sysbom oller
the best behavior whon they are applied with 20 adequate
thickness, on weathered galvanized steel surfaces,

These syslems ssem tor perfectly tolerate weathering
prior to painting when this iy performed i envirommente
of alow depree of 2 gEressiveness (rural or urban almes.
pherel. In the case of weathering in the presence of chle-
Tide: fomy (marine almasplwre) they alsa present goud
behavior when the surface v prepared by blasting. Ag for
weathering in the presence of 30z (o strong indusirial
atmospherel, no system seems +o tolerate this perlecily,
though better behavior is ohserved in general for Spwed-
MCns prepaced by blasting,

The worsd behavior is offered by the acryvlic/acry lic
system and the alkyvd svstem, os pecially the latter, which
presents great delamination in almost all the wsled condi-
Homs.

Tn gemeral, better behavior is vbserved for (he Systedns
applied onswlaces prepared by brushing when westher-
ing is performed in the abscnre of saline pollutants. In
cantrast, Dlasting seems to be (he best soly tion for surface
Freparation prior Lo painting when woeathering causes
the presence of saline pellutants among the wine conro-
stot products,

ACKNOWLEDGMENTS

The authors of this wirk wish to eXpress their gratitad to
Industrias Duero Madrid for |he preparation of the galva-
nized specimens and 1o the companios Amercoat,
Eurocrimica, Brug wer, Glasarit, | ferped, fallul, and Sigma
Coatings [or the stupply of the paint sysiems used in the
rescarch. They als thank JLABEIN and UNELCO for the
[aclittes provided for e performance of abm ospheric
BEPOsUITE tents

References

(L1 Burdle, B and Teliv, 5. (hda), iz iz Dominw de Cowrosliidye
A fmiafariag, (Y 'ED, Madricl. Loan,

Vol 7d, o, 535, December 2002 ar



D, de lo Fuente =t ol.

2%
i3

(4}

0¥

(&)

I
ey

o8

ATDG, Pintado it Asers Galpeizeds, Wadmd, 1972,

Cralvan, T0. Moeddllo, 34, and Felin, 5. “Problemdtics del
Siwtmmi Duples (Galvanizaciin | Pinbrray® Roee der, Carris i
Preb. XT3 13%-1300 (19851

Cilviing RO, Morcillo, M., and Falin, 5, "Sistoaas de Mmbara
Pasa el Ao Galvanizade Rew Jhee Coresz y P XYL R
15L-162 [1%80).

Galvan, 1O, Moreiile, B, aoed Beline 5. “Métodos de Enszvo
Tura Valozar la Cavacdidad Protectora del Sislema Vuples”
i, Ther, Corroe, w Prur, XL 3, 163169 (1903

Koo, M. e al, “Fualration of the Aokicocresive lBeharvior
af Chganic Coutioggs Applied on Galvanized St Surlaces.”
Sl Coal, Il o7, Na 1, MG [TARR).

totemior, BT, © The Corrosion Perlfermance of Orgarailana
Based Pre-lreatments for Coating on Galvalicod Sreal, ™ Prog,
Crey, T, 36, 200 Lo LF-25 (20005,

lones. 1165, “Haindag of Galvanixed Struclueal Steslw otk
Tth Tbernakiviel Galvanizing Conlerence, Fome. Juoe =10,
1945,

T80 8200 “Coprasion of Melals and Alloys, Cocrosivily o
Almospheras,” 150, 199Z

Journal of Caatings Technology

(107 ASTH D 4335: “Tosling Waler Hesislance of Coating Using
Contpalled Comdereation,” ASTM, 1987,

(113 DA 30021 “Spray Lests with Dillerent Sodinm Ciilorides
Solulions” 130, T9EE.

{123 [N 30018 "Tesing of saterials Srouctoral Componenl and
Equipmant (hMethad of Test in Diup Heal Allenating Adrige
rhere in Sullur Dioidel” 1IN, TEE,

{131 AL 1) F1E “Traloating Degree of Blislering mf Faints.”
ARTH, 1987,

{1471 Morcillz, M., Buie, L., Sinahcas. 1.oand Herndndar, TE.
“Tainti of Woathered FlotTAp Galvamisng Strociural Sienl
Woark,” [, Protectior Costings and Linings, 8. No. 11, 81-53
IRELTS

(L57 Keans, |dx, Tromae, T wocl Weaver, MEE. “erfornise of
Alhomuie Codisgs DU Dhe Froesineie,” Stoel Stroctuccs I*ainr-
ing il Tattburizh, L1379,

161 Tae Ta Duenle, L, Fiares, & and Whrcille, ®Thokeoralkan af
Pairt Swr=tems Applicd ou Zinc-Hubstrales Conlaminaied with
Soluble Salls,” ey, Org Coet, 1, 153 190 20017



	atmospheric pg59
	atmospheric pg60
	atmospheric pg61
	atmospheric pg62
	atmospheric pg63
	atmospheric pg64
	atmospheric pg65
	atmospheric pg66
	atmospheric pg67
	atmospheric pg68

