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Director of Procurement:

Thank you for choosing Chemir Analytical Services to assist you with your testing needs. The following
document summarizes the results of the analyses performed.

EXECUTIVE SUMMARY

The three-component Hemple coating system was compared to two Rust Bullet systems both with and without
the Hemple Urethane top coat. The five systems were exposed to four different accelerated test methods for
performance. The results of the testing varied with the standard Silver Bullet system performing the best in the
Salt Fog testing, but showing the most color change in the QUV test. Cold check testing proved inconclusive as
all of the systems performed well. Humidity testing results were also equal except that all of the Hemple
Urethane-coated panels had water spots develop between 750 and 1000 hours of exposure. None of the systems
showed any signs of peeling or inter-coat failure.

SAMPLE LOG-IN

The samples were logged as follows:

SAMPLE DESCRIPTION CHEMIR SAMPLE NUMBER
Rust Bullet Silver Inhibitive Protective Coating SI

Rust Bullet Black Shell Inhibitive Protective Coating S2
Hernple Urethane Curing Agent 95370 S3

Hernple Zinc Rich Epoxy Curing ARent 97040 84
Hernple Epoxy Intermediate Coat Curing Agent 97820 S5

Hempadur Epoxy Intermediate Coat 45141 Part A S6
Hernpadur Zinc Rich Epoxy 17360 Part A S7

Hernpathane Urethane Top Coat 55210 Part A S8
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TESTING RESULTS AND DISCUSSION'

The first step before testing involved the panel preparation. After discussions with George Appiah, it was
decided to use hot rolled steel panels. These panels were purchased from ACT in Hillsdale, MI. The panels are
GM l6-3U and were 4"x6" or 4"x12" X.071 HRS de-burred with a center punched hole at one end. These
panels were washed to remove processing oil with Toluene and allowed to dry for 24 hours before being coated.
Coatings were applied by brush or drawdown bars to obtain the dry film thicknesses recommended by the
manufacturers. Table I shows the coating process and the dry film thicknesses achieved.

Table 1
RllST BllLLET RllST BULLET

COATNUMBER HEMPLE3 COAT RUSTBllLLET SILVER RllST BULLET BLACKSHELL
ANDDRVFILM CONTROLSYSTEM SILVER WIHEMPADURTOp BLACKSHELL WIHEMPADURTOp

COAT COAT

I Hempadur Zinc @ Silver @ 2.5mil dft. Rust Bullet Silver Black Shell @ 3mil Black Shell @ 3mil
2mil dft. Ca>.2.5mil dft. dft. dft.

2 24hrs-Hempadur 24hrs-Silver @ 48hrs-Rust Bullet 24hrs-Black Shell 24hrs-Black Shell
45141 Ca>.3mil dft. 2.5mil dft. Silver ~ 2.5mil dft. ~ 3mil dft. @3mil dft.

3 72hrs-Hempadur 72hrs-Silver @ 24hrs-Rust Bullet 24hrs-Black Shell 48hrs-Black Shell
45141Ca>. 3mil dft. 2.5mil dft. Silver ~ 2.5mil dft. @3mil dft. @3mildft.

4 48hrs-Hempathane 24hrs-Silver @ 24hrs-Rust Bullet 24hrs-Hempathane
5521O~ 2mil dft. 2.5mil dft. Silver @l2.5mil dft.

-........ -
5521O~ 2mil dft.

5 ----- -_._-- 24hrs-Hempathane ----- -----55210@l2mil dft.
Total 10 mil dft. 10 mil dft. 12 mil dfl. 9 mil dft. 11 mil dft.

• Table hours represent the ttrne between coats

Most of the films applied with no problems; however, we did have outgassing problems with the Black Shell
material. This problem occurred at various thicknesses and recoat intervals. It should be noted at this point both
of the Rust Bullet products are moisture cure systems. The Hempathane top coat had poor opacity and barely hid
at the recommended dry film thickness. When the coating process was completed, the panels were placed in the
testing apparatuses as soon as possible.

Three 4"x6" panels from each system were placed in the Q-Lab Cleveland Condensing Cabinet ASTM 02247.
The temperature was maintained at 38C and 95% Relative Humidity. Panel observations were made at 100,250,
500, 750 and 1000 hours with gloss readings taken one week after the 1000 hour exposure. The gloss results are
reported in Table 2.
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Table 2
HUMIDITY AVG CHANGE

20 60 20 60 20 60 20 60 20 60
Hemnle control I 26.6 71.2 25.6 67.8 20.5 68.7 24.2 69.2 -23.9 -\4.7
Hemole control 2 16.9 57.5 24.0 67.8 18.5 59.9 19.8 61.7 -28.3 -22.2
Hemole control 3 23.0 62.2 21.3 61.4 22.9 64.0 22.4 62.5 -25.7 -21.4

Silver bullets TD I 3.4 17.7 3.7 21.2 4.1 24.4 3.7 21.1 -0.3 -3.0
Silver bullet SrD 2 4.0 23.5 4.0 24.5 4.3 26.0 4.1 24.7 0.0 0.6
Silver bullet std 3 5.0 28.8 4.6 27.0 5.0 28.6 4.9 28.1 0.8 4.1

Silver bullet + 13.6 51.3 13.2 51.5
too coat I 16.S 55.5 14.4 52.8 -19.3 -24.0

Silver bullet + 14.8 49.3 15.3too coat 2 50.7 11.4 47.3 13.8 49.1 -19.9 -27.7

Silver bullet + 12.2 51.5 13.8 54.5 17.1
too coat 3

57.1 14.4 54.4 -19.4 -22.4

Black shell 1 78.3 86.2 77.9 84.2 83.7 87.5 80.0 86.0 9.7 -6.2
Black shell 2 62.2 85.0 67.4 84.8 66.2 88.0 65.3 85.9 -S.O -6.2
Black shell 3 79.9 88.9 77.6 88.8 73.8 87.8 77.1 88.S 6.8 -3.7
Black shell + 27.2 63.3 26.9 64.2 21.8 62.7 25.3 63.4 -17.4

tOD coat 1
-16.7

Black shell + 30.0 68.6 25.9 63.1 22.0 61.7 26.0 64.S -16.8 -15.6
too coat 2

Black shell + 24.0 62.1 23.3 61.2 21.8 61.8 23.0 61.7 -19.7 -18.4
tOD coat 3

• Control glosses are listed at the bottom of Table 3.

The gloss readings were compared to control panels that had not been exposed. None of the systems showed any
blistering, loss of adhesion, or coat-to-coat delamination during the test cycle. The Silver Bullet did darken to
the control but had no other problems. The biggest change seen was in the Hempathane top coat. Not only was
there a gloss loss and blush; by 1000 hours the panel had become water spotted/streaked and did not recover
after two weeks at 22C and 30% Relative Humidity. The complete observations are in ATTACHMENT 1.

The systems were also tested according to ASTM G 154. The cycle consisted of 8 hours of QUV at 60C
followed by a 4-hour condensation cycle at SOC.This was repeated for a total of 1000 hours. Two 4"x6" panels
from each system were exposed. The panels received visual inspections at the 100-, 250-, 500-, 750- and 1000-
hour marks. Panels were compared to control panels for gloss, color change, film defects, etc. at each inspection.
The complete observations are noted in ATTACHMENT 2. The actual gloss readings were taken at the end of
the test and are compared to the retain readings in Table 3.
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Table 3
OUV AVG CHANGE

20 60 20 60 20 60 20 60 20 60
Hemple control 1 34.1 77.3 33.2 76.6 33.4 76.1 33.6 76.7 -14.6 -7.2
Hemple control 2 27.0 73.4 36.1 78.0 21.8 72.6 28.3 74.7 -i9.8 -9.2
Silver bullet std 1 2.3 9.0 2.1 8.5 2.2 8.9 2.2 8.8 -1.9 -15.3
Silver bullet std 2 2.2 8.9 2.3 9.1 2.2 9.2 2.2 9.1 -1.8 -15.0

Silver bullet +
19.5 58.6top coat 1 19.9 59.5 20.6 60.3 20.0 59.5 -13.7 -17.3

Silver bullet + 21.6 61.4
top coat 2 19.2 60.7 18.3 59.8 19.7 60.6 -14.0 -16.1

Black shell 1 37.9 76.0 35.5 75.4 27.5 71.3 33.6 74.2 -36.7 .1 ;.9
Black shell 2 15.1 58.6 16.2 59.4 10.8 52.8 14.0 56.9 -56.3 -35.2
Black shell +

34.1 75.0 30.6 73.8top coat 1 29.8 74.3 31.5 74.4 -11.2 -5.7

Black shell + 34.0 76.1 29.1 73.1 36.3 74.8
top coat 2

33.1 74.7 -9.6 -5.4

Ref 20 60 20 60 20 60 20 60
Hernple retain 41.4 80.8 49.S 83.8 53.5 87.1 48.1 83.9

Silver bullet retain 4.0 23.1 4.2 24.8 4.0 24.3 4.1 24.1
Silver bullet + TC retain 38.9 80.2 34.3 76.S 28.0 73.6 33.7 76.8

Black shell retain 73.9 92.7 67.9 92.0 69.1 91.8 70.3 92.2
Black shell + TC retain 36.6 75.4 43.5 81.0 48.1 83.9 42.7 80.]

All of the panels show a gloss loss and color change. The Hempathane top coats again showed water
spotting/streaking that did not clear up after removing them from the QUV tester. The Silver Bullet panels had
whitened considerably and showed signs of chalking.

The third performance test was for coldlhot cycling. The test was conducted from -20C to +65C with a l-hour
ramp up and down. In addition, panels were held at the upper and lower temperatures for 1 hour. The test
duration was 20 cycles over a 10-day period. Three 4"x 12" panels for each of the five systems were tested.
Observations were taken at 5, ]0, IS and 20 cycles. There were no changes to any of the panels exposed.

The last of the performance tests was ASTM B117-ll Salt Spray. This test was run at 35C, racks IS degrees
from vertical, 5% salt solution, PH of 6.8 and a solution collection of 1.3 mL per 80 cmsq. The panels were
rated at 100,250, SOO,750 and 1000 hours using ASTM 01654, ASTM 0610 and ASTM 0714. These methods
are in ATTACHMENT 3. Three 4"xI2" panels from each system were tested. The backs and edges of the panels
were protected to prevent rust from spreading from unpainted areas. All panels/systems were rated as 10's
through the 7S0-hour inspection. The lOOO-hour inspection did start to show some differences in performance.
The Silver Bullet had the best overall performance with no blistering or rusting. The Hemple control panels and
the Black Shell without top coat were the next best with only slight blistering and very minor rust. The Silver
Bullet and Black Shell performed the worst for blistering. They were equal for rust so I would have to believe
the top coat (Hempathane) is pulling away from the base coats. The blisters may not be apparent on the panels
when you receive them as they tend to dry out when no longer exposed. The full results are in
ATTACHMENT 4.

All five systems have good moisture resistance and reasonable corrosion properties. There were no adhesion
failures between any of the layers in the systems. I am disappointed by the tendency of the Hempathane top coat
to water spot/streak when exposed to humidity and QUV testing. It was the only exposed product to do so. The
Hempathane adheres well to both the Rust Bullet products as long as the recoat windows are adhered to. Both
systems offer some application advantages/disadvantages.
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The Rust Bullet products are moisture cure. Once the cans are opened, the products will form a very thick skin if
the can is resealed and not evacuated with nitrogen. It will also react if a brush/roller was contaminated with
moisture and that was introduced into the can. The advantages are that both products are one package and
require no mixing of parts which can lead to errors. They dry faster and have no pot life like two component
systems. Moisture cure systems can also outgas causing blisters or bubbles to be trapped in the dry film. The
dft. must be controlled to prevent this.

The Hernple system components can be opened, part of the container removed, and resealed without worrying
about skinning. The components must be carefully measured out and thoroughly mixed to ensure system
performance. You must use three products to achieve what you get with one or two with the Rust Bullet. The
Hemple products are easier to clean up after because of their slower dry and better solvency. You must adhere to
the manufacturers recoat schedule as above. They are more forgiving about dft. thickness with no worry about
outgassing.

You may reach me by email smoore@eaglabs.com or my direct phone number 00+1+314+227-0852 if you
would like to discuss the results of our testing.

ATTACHMENTS

Enclosed please find the following original data generated during the analysis.

ENCLOSURE DESCRIPTION

ATTACHMENT 1 Humidity Cabinet Observations

ATTACHMENT 2 QUV Observations

ATTACHMENT 3 ASTM Test Methods

AIT ACHMENT 4 Salt Spray Observations

An invoice is being sent to your accounts payable department. Samples are disposed of on the first Monday of
every month after being retained a minimum of 30 days unless you direct us otherwise in writing. Please review
the Terms & Conditions that governs analysis work. Thank you for consulting Chemir Analytical Services. If
you have any questions regarding this work, or if we can be of any further assistance, please call us at
(314) 291-6620.

Sincerely,

;?;~
Scott E. Moore
Specialist - Paintings and Coatings

SM:td

Enclosures
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Standard Teat Method for
Evaluating Degree of Rusting on Painted Steel Surfaces1

~ ltaWId.W ~ WIder !he ~.1bipaIiaD 0610; !he __ u-dlaldy rotJowing!he duiPltloJl iadicues Lbc~ 0(
•••JiMl ~ ••.••• \be cue 01~'II!1Ia, !he "JClIror •••• ....wo.. A ~ 1ft pIiIeIII1IeIIu indicales Lbcyur D111111rappnmI. A
IIlIpCJICnpl qlIiIoa (-) indicIIcs WI cdieorilJ ~1wIp 11_ lbo:IulIWiliCIII ar ~

77W #tWI4n1 "", oW••• ap"rwH for us, by ""M~I "/IM DrlpdlWl,., "/ DrI/.-.

1. Scope
1.1 This test method covers the evaluation of the degree of

rusting on painted steel surfaces. The visual examples which
~ct the pcrc:enlap of nJ$dD, Jiven hi the written specifica-
tions fonn part of the standard. In the event of a dispute, the
written definition prevails. These visulll examples were devel-
oped in cooperation with SSPC: The Society for Protective
Coatings 10 further staDdanlization of methods. The photo-
JtlPbs <:anbe used to esdmate the percentage of other coating
defects on various substrates. This standard dOCI not inclnde
evaluation of JUSt propagation around an iDitially JJRpan:d
scribe. SCOIe, or holiday.

1.1 'nll.r standtJld doel 1I0t purport to 4Ildr21f1 aU of tile
IIJjlty COnCt11U. if QII)~ arlociated with it.J lISt. It is /ht
rtSponsibility oj 1M IlUr of this s/andam /0 Itstablish appro-
pri.tn6 Iqfety fltId h~llh prtrtiCll and tUtlrminl the applica-
bility of rqulQlory limhaliolU prior /0 use.

1. Relereuced Documeuts
2.1 AS1M AdjunctlSSPC: TM Society jor Pro/ec/ive COUI-

ings:
SSPC·VIS 2iASTM D 610 Standard Method of Evaluating

Degrees of R.ustini on Painted Steel Surfacer

3. SipHkabce and Use
3.1 The amount of msling beneath or through a paint film is

a significant factor in detenninimg whether a coating system
should be Tepai~ or Teplaced. This test method provides a
standardized meaDSfor quantifying the amount and distribution
of visible surface rust.

1Tbia 1&. IIICIhDdIs lIIIdu Ihc jwbdictIaD or AS1M CGmmiuee DOl aa PaUll
ad Jlcllllld Collin&!. MMeriaII. and AflpWctlllaos IJId II lIIc cilia:! ~lpCIIIIIbIIIly of
Subcamnillce DO1.46 IIlI lIIdDtUfsI PftIIa:\lve Calillgl.

11IiI \eSl1IIdbod \1Mbca ;oblll)' lIJPOYed byAn10f anoI8S1'C: n. Sodel)' few
Pmeeliw COlllap.

Cumnt cdldoll ~ July 1,la11.l'IIbUIbcd July 2007. Ori&inolly IIppIOWId
III 1941. LaII pnlvious edIIIoa appoWId \II lOal u 0610 - 01.

SColcftcl visual IIUIIIIIlet In: .wu.bl. II • .-1111COIl&om Asnt Inlema·
.all KcIdqIIJrIcn (1'IqIICII AdjuIICI AD1D06I0A). SSPC l'IIbIIllIdoa ND. 00-08
Croll!'IlIc SocIC\Y (or ProcatIn Cc3llnp (SSPC)' <4014111SL. 6IJI PIoor. PllUhueJlI.
PAUm-4656, bIIp-JIwWW..upc.cq.

3.2 The dep:e of JUstinl is evalulted using a zuo to WI
scale bued on the percentile of visible surface rust.

3.3 The distribution of the rust is classified as spot rust,
geueral rust, pinpoint rust or hybrid rust.

4. Interferences
4.] The visual examples that are part of this test method and

the associatccl rust-p-ade scale cover only rustinl evidenced by
visible lUlface msl

4.1. The \lie of the visual examples requires the following
cautions:

4.1.1 Some finishes arc stained by rust. This staining must
not be c:onfusecl with the actual NSliDg involved.

4.1.2 Accumulated dirt or other marerilll may make accunue
determination of the degree of rusting dillicult.

4.1.3 Certain typeS of deposited dirt that cootain iron or itoo
compounds may cause surface discolontion that should not be
mistaken for COII'Oiion.

4.2.4 Failure may vary over a Biven area. Ditcntlon mUlt
therefOle be ulecl when selecting a lingle rust grade or rust
distribution that is to be representative of a Il1Ie area or
Itru~. or in subdividina a struct\Ue for evaluation.

4.2.5 The color of lite finish coatiog should be taken into
account in evaluating surfaces lIS failwa will be more apparent
on a finish thBl shows color contrast with NSt, such lIS used in
these: rercreACe Slalldards, !ban on II sUnilill' color. such as an
iron oxide finish.

5. Procedure
~.1SeI= an a:n:a to beevaluated.
S.2 Detennine the type of rust distribution using definitions

in Table I and visual examples in Fig. J. Fig. 2, and Fig. 3.
5.3 Estimate percerllage of surface area rusted usinl Ihe

visual examples in Fig. 1, Fig. 2, and Fig. 3 or SSPC-VIS 2. or
both, by electronic scanning techniques or other method agreed
upon by contracting parties.

S.4 Do not consider ftow of corrorion products 0010 the
surface of intact coating (that is. "rust bleed" or stainina) as
part of tho aurfaco area rusL It may be helpful to wipe the
surface with a damp cloth tD Temove the rust bleed befOR
evaluating.
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TABL.E 1 Scale end DaKr1p11onof Ruel R.llr'll'

PlnpoWIt(P)

10
8
8
7
I
5
4
3
:I
1
a

\..nl than or equelto 0.01 1*1*11
~ fJ1an 0.01 ~11IIld up to 0.03 paccenl
~r than 0.013~11IIld up to 0.' percenl
OtllB18r Ihan 0.1 ~nt and up III 0.9 peI'IIIII'Il
GnIster tIIan 0.9 percent and up 10 '.0 ~t
G_1ar II\Iut 1.0 ~ntlllld up to 3.0 POrcelli
GI'lIIIIar tn.n 3.0 pereom and IlIIIO 10.0 percent
Greal« than 10.0 penlIInl and up 10 , 6.0 penlIn1
GI1IUet than 111.0percent and up 10 33.0 peteeftl
G_ lllan SS.O percem and up III SO.Open:enl
Graaler lllan SO percent

VISUafExamples

Spol(S)

RaIl( DiIInIMion Types:
S: SpoI RuSiing-Spot lUlling 0CCI.ft when !he built 01111. rusling III---.traled 111• /IIw IIIcIllled .,... 01 the palnled IIiIrftule. "'0 vhuaI ammplas dapldlng tIIIa

Iype 01 rusting 11/11I&I*1II90S lh/OtJllh '·S (SM f •., I.· 2. IInd h; 3).
G: GooeraJ Rusting-Genera\ rusling 00CUd wt.n vllltDwllllll lUll apoIa.,. randDmly dlltllbJled __ the IIIJrf..,.. 'The vIaUII/BXIIfl'4IIel deplctlnll III1s Iype of lUlling

are\Ulnd .a Ihrouah l-G. (See FI'l I. F.g 2. and ~;g.3).
P: PlnpoIl'JI Rusting-Pinpoint rusling _ when !fie ruat II 6IIIbuIed IICIQa ,he aIMfaoe U 'IIfMY emaII kldMdllatlpllCbCl4rwln • ...au.J IIlWftPIeI depicting IIriI

Iype 01lUsting are labeled 9·P through '·P. (See ,_. . - '" end 1-", fl.
H: HyIIr!d RusIinQ--Af' IIdUBJrusting IUrtaoe may be II1)'bIId 01 thIIlypes Cl4NlllilUlbUlIOn dIpIC\ed In 1/M1*ual1II8/IljII8I. In IhllCUI. rwpart illllOtaI pelClnl 01

NIl III du.IIfy lIw IUrf_ •• H II1rough 1-H,

5.S Use percentage of surface area rusted to identify rust
grade (see Tanle I). Assign rust Bting using rust grade ofO-tO
followed by the type: of rust distnllution identified by S for
spot. G for general, P for pinpoint or H for Hybrid.

Ncm I-The nwnuic:a1 1U51 cra.de scale is an exponential runction of
the vea of lUll. Plouing 1M 1\1.51 grade vcnu, lIIIa of rust J'QUIIS in a
straight line IDsemilogarilhmic eoordinms, 'The slope of !he 1IDechallge$
at 10.., or Ibe area rust.od to allow it 10 RS01ve dll'eccnces below 10 'K
across NStlJSdes from IOlXl4 •••hile inc:1uclins 10 10 100 ~ in ftlltpdes
3 through O.

5.6 The visu.I examples are not required for use of the
rust-grade scale since the scale is based upon the perceet of the
area rusted and any method of assessing area rust may be used
to determine the rust grade.

6. 1t.eport

6.1 Identify sample or area evaluated.
6.2 Report rust grade using ralinl of 0-10.
6.3 Report rust disrribution using S for Spot. G for General,

P for Pinpoinl and H for Hybrld.

7. PredsiOD md Bias

7.\ No precision or bias statement can be made for this tesl
method.

8. Keywords
8. J corrosion; rusting

2
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., ItW 1IbIJJtlMI. U,.. oIlhIII.sMniIanf .,. 8JCPf'$S/y advised thaI dotsrmfna/loll 01file vaIidily 01any well PII""'t righrs and IIHJdsJc
01 ~ 0I..xh rlph.r., _ ~ Ih.w own 1WpOMIbiI/fy.
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THpOI>S/bIe IXiIInIcaI c:ommo\'tN• .tJfdI you mayattond. If you INIIItM your aIIIIII*IIf Mw fIOll'8C8Ived ,,/IIIr IIMrttg you ~
make your •••• Iono•••• to •• AS711 CommiN." "" StsndlJrds, III"" •••••• __ IIft7w.

Thi8.111ndMd llf copyT'ghled by ASTM IrUmIItIoMt 100 BIIrrHIt,. DtfW, PO lItNt C1OO. w.t Con~. JIM 1H21·N59.
UnIIed StIltfM. Individual reptjtKS (singIII 01' muhip/e copies) aI /ItI8 iJIMItIIInI ~ /» I1bIIIJmId by ~ Mn.f 8J "" abow
adtWu 01' III 610.&12·9585 (p/IoM). 6T(}'832·9555 (Is., or ur.t:.OUlm.OII1 (•. /IIIIU); or thtf1IIgh Ihe ASTItI ~.
(_Ulm.IIIg).
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~~ Designation: 0 71. - 87 (Reapproved 2000)

the smallest size blister easily seen by the unaided eye.
BlisteriDl standards Nos. 6, 4, and 2 represent progressively
larger sizes.

3.3 Freqv,ncy---R.efmmce standards have been selected for
four steps in frequency at each step in Bixe. desisnated as
follows:

Standard Test Method for
Evaluating Degree of Blistering of Paints 1

~_ llaIIdanI. ill ~ IIIIIIer the ~ dctignalioD D 714; ilia aumbcr ~Iy fallDwinj: Ibo do,ign., :on iadic:a\el !lie ~ of
anp.aJ Qptillft or, •• Ibc cue: of I'IIYiIIoII.!he yar of lal ...,gioa. A IIIIIIIhtr ia JIIIlI'IItbo:aes indica •cs .ho 'JSI of Jut -JIPfIIYJl A
MIpenCripI cptiCIA (a) in&IicaJCI811 cdilorial c:lut:qIt u- IbB IaIt •••YiIIan or ~

'11IJsntz1U/tIItI NIl "'- ~ lor ••.•.e by DgWIdu qf'" ~I of D<!f1lU&

1. Scope

l.l This test method employs photographic n:fermce stan-
dards to cva.luate the degree of blistering that may develop
when paint systems are subjc:c:ted to conditions which will
cause blistering. While primarily intended fur use on metal and
other nonporous surfaces, this test method may be used to
evaluate blisters on porous surfaces, such uwood, if the sixc
of blisters falls within the scope of these n:ference standards.
When the reference standards are used as a specifioation of
perfDmllll1ce, tM pmniuible degree of blistering of the paint
sy8tem sbaJl be aped upon by the purc:baser and the seller.

1.2 This sttWIanJ dou 1I0t JIIl'POrt to addreR aU 0/ tlte
safety C01JCBI7U, if QIl)', fIS~Dtl;tdttd with its SUB. It Is the
rupoMibiJity 0/ the JUsr of thi.r nandan!. to utllblilh appro-
priate safety and hetllth pracUcu and deJermi1le the applica-
bility oj regultJlory limlllllioM prior to we.

1. SigniIlcaUC8 and Use
2.1 A phenomenon peculiar to painted iI1Ifilces is the

tC:nmationof blisters relative to some system weakness. This
test method provides a slandard procedure of describjng the
size and density of the blisters so that comparisons of severity
can be made.

1. ReJ'ereace Standards
3.1 The photo,It8Phic reference standards ~ &lossy prints.l

Figs. 1-4 arc reproductions ofthcse slandards and are included
to illustrate two chancteristi~ of blistering: slze and fre-
qucncy.

3.2 Size-Ref'erence standards have been selected for four
steps u to size on a numerical scale 1i'om 10 to 0, in which No.
10 represents no blistering. BJjstcrillg standard No.8 n:presents

• ThiS !clI1IIdhod fa IIIIdo:rlbe juriIdlcllot> or ASI'M c-nillae DOl CIAPIiD!
ODd lbWaI Coatillj!S, Malorills,ODd App;'cauCIM ODd illIMs diracllUpCllllibllil]' or
~1Iae 001.2S ••••PiClorial Standards areo.1ing DlftctI.

C\trraII cdilioo approved M*7 29, 1P87. Pubushcd My 1987. OriJliallly
p•• liJIIDd •• D714 - 43 T.1aJl ..-iGlil cdiIlatl 0114- S6 (1981).

101l$y priIIII of IItt pholoJlllPhic I'CfaallZ standards .....u.a IypotI0'
blist.:Na •••• ¥'Ill1bIe a1 • nominal clIarp tro ••• ASTN H~. 0.-..
AdjllllOl ADJD0714.

Dell•• , D.
MadUn dlllllO, "'D.
Mlldfllm, III, allll
FIIW, F.

Nons l-A qllllltitative physical description ot IIliJteriDg would i~
elude lIIe followlDa ~CI dall:rmhll:ciby .ctuaI eOllll4:

Sia dillI:ibutioa III taJI\I of mCUllnltion llllils,
Frequency of occarrenca per uait ReI!,
PIIIaD of dlslributlon onr !be I'IIrfJCe, II1d
Sbllpt 01blIIter

For Ibe UIIIII ICSII, an .c:tuaI COUDlis mOle elaborate Ibm I. IIIXICISILIy.

4. Proeeclure
4.1 Subject the paint film to the test conditions agreed upon

by the pun:baser and the seDer. Then evaluate the Plint 6lm for
the de&J= of blistering by comparison with !he photographic
reference standards in Figs. J-4.

5. Report
S.J Report.blistering as a number ~ote 2) designating the

size of the blisters and a qualitative term or symbol indicating
the frequeney.

5.2 lnteJ:m.ediate steps in sia or frequency of blistel1l may
be iuctaed by inteJpolation.

S.l When the distribution of blisters over the area has a
nonuniform ptttem; use an additional phrase to describe the
distribution, such as "small clustel3," or "11'lJ1:: patches."

NO'I'II2-'I1Ie n1lmbez-l'Ifm to tile IazpIt size bll.Iler tlIat is tIUDIl:tOW
CIIOlIab to be represCllWive Df lite specimen. POI' example, photogIllphic
IIaDdanS ND. 4, "Dense," has b1istcn J8II8iDg In .Iu &omabout No. 7 to
No .•• , iDclusive.

6. Keywords
6.1 blisteriDg; com:lsion; evaluations; reference standards
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71Ia~ Society br Tssl/ng and Malerllla takes nopos.fiOfl rsspseling ll>B validity of any patent right.. ssSlHiBd In CIlIfIIIad.Ign
II4ttIany item I1I8fItlonlK/ iJ ,. ~. IhIIn 0111* __ rrl.,. oxpresslyIIdvtJaI rhol dotomtlna/Jon of I/NJ wlldity 01MY IIUdI
".. rights, atIf1"'- riM 0/ ~ 01 WdI rlJ/I!III,l1li ~ theft DIm ~

Thb ~,. wbJ«:t to IIIWs1Dn at any I6'IJIt by 1M tepOIII/bIIIlM/"*-I ~ and musl/Ie,..wed every fIwl )'liars and
KfWII~.mw,..~or~ l'txr~ ••• ItMI.t""'lr1rrrwWottolthi:ssIBnf18rdorfar8dd,"onsl$ISndards
and should be IIfIrI1eu«t IDASn.I H~ Y_ Clllll/ll8lltll1IIi/I r..w. ,..u«IIIIId«R1/otI ~ • rr-uttg 01",. ~
/M:hnIt:.IIDtItM'IIIIBe. wfIIt:h youmsy Bltend. If you fwllhIIl)'DUr _Ir '- IIOlIllD8Ned • fiIr 11-*'11 you iIItDUht 1Mb )'DUr
""" ~ D /he ASn.I Committae on S/JJndards •• , IMIIddrria "-' beibw.

This 5tBndJlrd Is C<Jpyrighted by ASTM. 100s.n- H.n- DrWe, PO I10Ir CTOlI,~ cm.hohO(;ken, PA 11/>f2fJ.2Q5S,UnI!ad SlIIw.
trwJMdUal"prim (single rIt multiple •• ) 01 "'" ItIIMMIIfllJY be dIIIIInf!d bY O/ltIfIII;tlng ASTM .t 1M IIbtIW IIdIhs$ or III
61().832·9585 (phone). 610-832·9555 (fu). ar _"* i••••••,"'IiI (HrIlIlJ; OIlhnIugh 1M ASTM ~ t-ntn.GtPJ.



~~~ Designation: D 1654-92 (Reapproved 2000)

Standard Test Method for
Evaluation of Painted or Coated Specimens Subjected to
Corrosive Environments 1

I r ~. Nodud.iI iu'aad lillda-IM ~ ?esignatiGn D I~; 1M IIIIIIlbct'-ecUata1y faUowiAg die dc.signalion ~es tbo:yar of
oriaiuIl.IIiOption Dr,Ia *_orrmllOll, 1be)'Ul' or WI rcYiIIcm.. A IIWIIber Ie ~ indicale.! the yar or WI RIIf'PIOVIl A
IIIpCIICripI cpsi\a {() iDdical••• ~ cIIIqe a-Ihr: Wt -woa Of rappnmI. •

17riI11iINlAnJ Iw 6ms IIJ1Pn1Mllor U$6 by..,u oftMDq/artIII.u ofDfl-

1. Stope
1.1 This test method CGveQl the treatment of previously

painted or coated specimens for accelerated and almolphtric
expomre tests 8Dd their subseq\lI:ftt evaluation in respect to
corrosion, blistering associated with cOIX'08ion,101Sof adhesion
at a scribe merle, or othc:I' film failure.

1.2 This 8t/nu4Jrd doI!'4 7IDt purport to address all Df tile
saftty conumr, if QIJ}\ tW0ci4ted wit" it.J we. It iJ 1M
respoMibilit)' of whoewr IISU tIU8 n41Ulard. to emuult and
uf4blf.oJh flPPropriate safety Q7Jd heill,h pra~/it1e3 and deter-
mine 1M lqIpllCilbility of regulafory Jimitlztions prior to lASe.

1. lteCennced J)ocameuh
2.1 ASTM St/JPfdllnb:
B 117 Practice for OperalinB Salt Spray (Fog) Testing

Apparatus-
D 610 Test Method for Evaluating Degree of Rusting on

Painted Steel Surfaces'
D 714 test Method for Evaluating Degree of Blistering of

Paints4

D 810 Pmctice for Testing Water Resistance of Coatings
Uaing Water Immersion"

D 1014 Practice for Conducting Exterior Exposure Tests of
Paints on Sll!el'4

D 173S Practice for Tcstin& Water Resistance of Coatings
Using Water Fog Apparatus·

D 2247 Practice for Testing W,ter Resistance of COltin,gs in
100 % Relative Humidity"

D zg03 Guide for FilifQDn Corrosion Resistance of DrJanjc
Coatitlgs on Mell14

D 4141 Practice for Condneting Ac:ccleratcd Outdoor Expo-
sure Tests of Coatings4

D 4585 Practice for Testing Water Resistance of Coatings
Ulling CootroHed Condensation·

D 4587 Practice for Conducting Tests on Paint and Related

I TIds II\tIhIId IIIIOder u.jllri.tdictiaa DCAS1'M CocamItIa> DOl 011 PaiDl IIId
Rat.1ed CoaIinp. M.tlerUIt, &ad Applicaliou &ad " die dIrocl """"';biIlly or
Subcomml!lt:c 001.2S OIl JM\UIIdOli ofWU!IuIrl.ua 1!&dI.

CUm:nI Cl!lticm approved Oct. IS. 1m. I'IIbliIbed I)ocCalbct 1992. OriPally
)IIIhliIhcd.u D 1654-59. Lut p:evious llltilion D 16S4-19. (1984) <'.

• AM"" lookll/.AS17tI~. ~ 0).02.
] AM"" look Il/ AnN~. 'All 06.02.
• AMlIDi BIIOk0/ ASTM~, ~ OIi.OJ.

Coatings and Materials Using a Fluorescent UV-
Condensation Light- and Water-Exposure Apparatus"

G.23 Practice for Operating Light-Exposure Apparatus
(Carbon-Arc Type) With and Without Water for Exposure
ofNODJD.eta1licMaterials5

G 26 Practice for Operating Light-Exposure Appantus
(Xenon-Arc Type) With and Without Water for Expowre
ofNOXIJIlctallic Materials'

G 85 Practice for Modified Sillt Spray (Fog) Testing'
G 87 Practice for Conducting Moist S02 Tests6
2.2 ANSI StfJI/dard:
B94.SO SinsJe-Point Cutting Tools, Basic Nomenclature

and Definitions for7

3. SlplftelUlI:e 8Jld Vie
3.1 This method provides a means of cvaluating and com-

paring basic COJl:'QIionpcrl'ClmlJDcc of !he sub~trate, pretreat-
JDC1lt, or coating syltr:m, or combinAtion thereof, Qler cxponue
to corrosive CIlvironmc:nls.

4. Apparatus
4.1 Scribing Tool-A stzaight-shank tungsten cubide tip,

lathe cutting tool (ANSI B94.S0. Style B) or carbide-tipped
pencil.type tool is recommellded. Any other typo of scribing
instrument such as a scalpel. razor blade, knife, OJ:other sharp
pointed tool is unaa:eptable unless agRCd upon between the
producer and the user.

4.2 Straightedge-Any slrDighJedge of sufficient length and
rigidity to guide the senDing tool in a straight line.

4.3 Air Sourc~A source of compressed air oapable of
delivmng at least 10 ft'lmin (4.72 Us) at 8() psi (552 kPa).

4.4 Air GJm-An air dusting gun and noztle combination'
to meet the following specification:

Alr Consumption. ""'11"" pal NatzDe Dtamelet,
It'lmln (m'/min) (IIPa) ~. (mm)

• DI=l1lInIIcd; a 23 replacedby G U1Uld G ISl; a 1611P1aD11d by 0 155.See
~OCIO A"""", Book o/.AS17oI Standards, \bI1".04.

• AMlIDi B<K1k "IAS1M StDlUfnrds, ~l 03.01.
, AvaI1JIIle hili Ammc:Im National SlaDdantllIIIlIlUIe, 13tb Floor. 11 W. 42Dd

sc, N_ YOIt, NY 10036.
• Spray IIUI JIId IIOI2la, Model No. AA23LTP0020 blve been fOWld salisfaclOry

IIId 1liiY be ~ t'roIn Spray S,..... Co., NOCIII A.,_ II So"-1e Rolld,
WhcllIOII, II. 60117. IIq\IiYIIaIU may be us=.



U (0.1~) eo (5eO) 0.12 (3.0)

4.4.1 A guard consisting of barriers, baffles, or screens iJ
required to protect the operator and other individuals near the
area wht1'C the air iJ beiDa used. The guard must be placed
between the air nome and the operator. A device such as a
sand.blasting cabinet has been found to be acceptable.

NOTl J-The ure oflllllir gun without. auard is in violation of the U.
S. OccupalioJlal Safety ad Health AdmiaialratiDft n:guIat.ioa.

4.5 Scraping Tool-A rigid &patula, knife, or similar instru.
ment with no sharp edges or sharp comers.

4.6 Scale--Any rule with I-mm divisions.

S. Preliminlll')' Treatment of Test Speclmea.
S.1 Scribed Sp~imelU:
5.1.1 Where specified or agreed upon. prepare each speci-

men for testing by scribing it in such a manner tbat the scribe
can be exposed lengthwise when positioned in the test cabinet.
This position will allow solution droplets to run lengthwise
IIODg the sc:dbe.

5.1.2 Scribe the specimen by halefulg the tool at approxi-
mately a 4S· anile to the: surf4cc. Posiliml the tool 10 Chatonly
the carbide tip is in contact with the sor&ce. Pull the scribing
tool to obtain a uniform V-cut through the coating that ilbeing
,CIted. Iaspect the tool frequently for dulling, chipping or wear
and replace or repair u needed. The Icribe sheuld be of
safficient ltuath to cover the ,i&Dmcant test uea. but should
not contact the edge of tho specimen. The scribe must penetrate
all organic QQ8ling layedl OIl the metal, leaving a UDiformly
bright liDc of bum. The UleDI of ICribe penetzation through
metallic coatings should be agreed upon ~ the producer
IUld user. Quality of tho scribe may be observed with the .id of
low-power magnification. Note, mart, and describe defects,
eod.iDg. BDdflaw. that may affect Rsults.

5.1.3 Scribe lines odter than those of a single. slnlight natw'e
may be used if apeed opoa betweeD the producer and tho user.

5.1.'1 Expose senDed specimeN in acootdance with 6.1 and
rate in accordance with Section 7.

5.2 UMcrlbed Spedml/lU'-SpecimeDs coated. with paint
W1detcoats, oils, Dr waxes may be evaluated without. scribe.
Expose such spccimenl in acoordance with Section 6 and rate
for corrosion ofthc gencra1 surface in accordance with Section
8.

5.3 CutEdgu-CUt edges of panels may be exposed during
lescing, or protected by wax. tape. or other means as agreed
upon between the producer and the usee, If left unprotected,
method of &bearin& panel cdaes should be agreed upon
between the produ<:u aDd user, noting whether edges arc
oriented in the ''bua up" or "bull' down" c:onfiJUrltion.

5.4 DeJormation-Defcnnation of test panels prior to ex-
posure, if daired, should be agreed upon between the producer
and user.

6. Exposure or Tat Specimens
6.1 Expose test specimens in accordancc with one or more

of the following test methods or practices: B 117, D 610.
D 714, D 370, D 1014, D 1735, D 2247, D 2803, D 4141,
D 4585, D 4587, G 23. G 26, G 85, G 87, or any otlw' appli-
cable test method. as agreed upon between the producer and

41RJ D 1654

the user. The len~ or test and evaluation intervals should be
agreed upon prior to expDSUR of specimens.
7. Proceclun A-EvaluatioJl of Serlbed Specimen.

7.] M8I1Iod J (Air Blcrw-Off}-Rinae each specimen after
complet.iob ot the exposure period, using a gentle stream ot
water at & temperature up to 110·P (4S·C). Holding the nozzle
at approximatelY a 4S· angle, blow along the enUte sc:n'be tine,
diaturbin. !be 3UIface adjacent to the scn'be mechanicany by
the air nozzle to eD51lD: an openiG& for the air blast. Compleb::
the air bJuting within IS miD of specimen removal from the
exposure cabinet. If the air blutiDg cannot be completed within
the prescribed time, immerse the specimens In water at room
temperature or store in • plastic bag to avoid any drying dect.

7.2 Method 2 (SDrapjng)-!Unse the specimen after
completion of IhD exposure period, wma a IlIIItle stream of
water at a tempemturc up to llO°F (4S°C). Scmpe the
specimen vigorously with an instnunetll described in 4.5 while
UDder the atutle stream of the rinse water. Hold thc scraper
with ita face perpendicular 10 the specimen lIIrface and puaUe1
to the scribe. moving it baclc aDd forth ICrosJ 1he scribe to
remove the coatiDl thai:has been muicrcut aQd ba$ sWl'eIedloss
of adhesion only, not to remove the coating that ati1l bas
adhesion. ComplBte the scrapina within t S mln of specimen
removal from tho exposure cabinct. If scraping cannot be
completed within the plUcribed time. immeIsa the apecimeas
in water at room tcmpcmlum or stene in • plastio baa to avoid
any drying etrect.

Non l--JUasIDa, scraping, or air blow off may IIDllleappropriate ill

all CIICI, aid!. IS for inlCrim I1ltinJ! IA coaliaufD. tests. AlU:mative
IDlIIIocIIIU.)' be UIIId if ~ upoa. between the producer ID4 tao \IICr.

7.3 RaJlng-&te tho coIrOJion or Iou ot ~ dttel1ding
from • ICribe mark as prescribed in Table I. R.tc:ord tho
representative mean. mu.imum, and minimUQl creepage from
the $Ct1'be,and note whether or not the maxialum is an isolated
spot. Record creep values in millimelets, inches, or rating
numbera, as agreed upon between producer and user.

7.3.1 Unless otherwise agreed upon by the producer and
user, scn'be creepage is defined as "ODO sided", that Is, from tho
original scribe Hna to the creepage front. Also. rate in acc:or-
danco with Table 2 the prevalence of colTOsion on an:a.s
removed ftoom the scribe.
8. Procedure B-I:valuation of lJDJCrlbecl ATea.

S.I Rinse the specimen after completioa of the exposure

TABLE 1 RatIng Df FalJuN at a1:11be (Ptvc8c1UN A)

Z8ID
o..rO IDO••
O\IIIr 0.5 ID 1.0
D¥lr Ulla 2.0
D¥lr :LIlia B.O
Ower 3.0 10 5.0
Owr 5.11•• 1.00.., 7.II1D 10.0
o..r 10.0 ID13.0
Owr 13.0 10 1tI.O
Ower 18.0 to IIIDIIt

o
DID~"'ID~
Mala""
M.1o )6
"III ~.
~.Io~
~Io"
"III»
~t.oH
HIIIIIICn

10
II,
7•5
04

3
2
1
o
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TABLE 2 RAting of Unacnbecl AnI •• (Proc:.du,. BJ
Ala FlIIIed. " RaUng Number

No fallu/8 10
OlD 1 9
21D3 8
41D8 7
7 10 10 6

"ID~ 5
~~~ ~
3111140 3
4' Ie 55 2
~~~ 1
Owr75 0

period (Section 6). using a gentle stream of waler at a
temperature up to lOOoP (40De). Dry the surface of the
specimen with paper towels or compressed alr. Drying should
be done in such a maonllf that the corrosion ODtbe specimen
surface is not disturbed.

8.2 Evaluate un.scribed specimens for corrosion spots, blis-
ters, and any other types of failure that may occur. Where the
clwacter of the failure permits, the photographic bUster
Btandaxds given in Test Method D 714 may be used to describe
the results of the exposure test, with respect to size of blisletll
or corroded areas, while Method D 610 may serve to describe
the frequency and dlstributiOD of rusting. Record !he size,
frequency, or area aWetted. Discount corrosion within 1hin.
(12.7 rum) of edges.

8.3 Ratingo-Record percent failed area or convert percent
failure to rating numbers in accon:lance with TJhle 2 as agreed
upon between the producer and user.

Nars 3-Formalion of under-film COIl'OsiOft may be evalu.al41dI'!ld
reported In KCOnI.anI:e with Tmle 2 if the film is iIaI carel\llly _tripped
wlth a neull'1ll stripptr. Exercise care (0 IY'Oid alteration of the c:orrosion
pattcll1 or pRtn:alment.

Non; 4-Wbcre!he cbara~ of !hi! failure pamils, the phoCofpIpbic:
blister staDdan1J IPVt:n In T= Melllod D 714 may be used 10 describe the

4t D 1654

rwulLl of the t.Xposure lei\, ill n:spec:t 10 size ofblisten or COtTOded 1Il'CAI,

while Melbocl D 610 may serve 10 describe the frequency and dlltribulioll
if detiRd. '

9. Pll)(:edure C-EvaluatioD of Unprotected EdSel
9.1 If paint creepage ftom cut edges is tested, rate the

corrosion or loss of paint extending from a cut edge in the same
manner described for scribes in Procedure A.

10. Procedure D--EvaJultioD of Formed Areas
10.1 If tested samples contain bends, dimples, or other

formed areas of interest, rate the extent of failure at these areas
separately in the same manner described in Procedure B. or as
agreed upon between the producer and user.

11. Report
1).1 The report sball include the following infonnation,

\lIlless otherwise aped upon between the producer and user:
11.1.1 All pertinent information regarding the conduct of

each corrosion test, 85 prescribed in the specifications for each
test,

11.1.2 Methods of scribing, shearing, or forming, or com-
bination tbereof, or test specimens.

11.1.3 Ratings of test specimens, incluclb:lg procedure(s)
employed.

11. PrecisIon .nd Blu
12.1 Pndsion-Since this is 8 method of evaJuatjon based

on measurements Ifter various tesUl, the statement of precision
applicable to each specific method of exposure to corrosive
enviromnents applies.

13. Xcywordl
] 3.) blistering: corrosion; paints/related coatings/materials;

creepage; edge/scnDe; rust

TheNrMltbln Society for Tes8ng and Matoriall1 tMIIS no posInon rrtSpecting Ihs VIllidlty of any peten: rights SS$6rt8d In ~
with any Item mantlon.d iI Nt sllJrr@rrt IJNnr oflhbllJt.JrwIMI_ oxpress/y ~ /hit dBlermlnstiOl1 of /hB VIffditY 01any wdI
patflfll ~, IiIrd tho risk of lnMttgemtJl1f of $UdJ t/gIIfa, _ enlVely thfIir IMI"I twpOMIbIIIry.

ThI.IIIrtMI'd.8UbjtIa 10nwbIon sl Bny timo l:Iy 1M responsiblo /9cJmIClJ/ commilllX1 /IJId mu.I be rrWI-.J every /Iv")'RB1$ and
If nor I8vfsed, Ihher f'NPP/T1WId Of' lltilhdnlwn. YOIJrcomments IUfl 'nvlllld silher for /'TIllislon of IhIiI slsndard or for additional .tandards
l/fId 8hDIIItI bs ~ II>ASTM Hudquat!Jn. \otxIr commenIJI tMI ,..,... r:atrIM ~ III • ~ 01 /he IWpOtISIbIe
t.chnIt:W ~ whII:ttyou may stl4nd. If you INIIhBf J'IIIU ~ '- net ffICI/IIwId .1II1r '-*WI you IIhDuId mIIta your
~ ~,., IheASTlt/ Commit/lift Q'I SllIndsrtJlI, IIIIhB IIddiaa "'-" l»II;Jw. .

T1IIufandllnllJ oopyrfglltedbyASTM. 100BM"HIIttIorDttvw, PO BoI{CTOO, ~~, M19UfJ.1i!9S9, IHIII*ISllDII.
ItItIMtIwI reprints (sing/it Of'multlple ccrp.) of Nr ~ may /)IJ ~ by-adlng ASJM .-! tIw# •••• ~ Of'.t
610·832·9585 (phone). 610.a32·95S5 ((U), or -"*'"O>Isi'iOe>tg (e-msli); Of't/wUf1Ir 1MASTM ~ (lr-.astm.GWp).
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SERVICES
I. Sponsor acknowled.ges that Evans Analytical Group, LLC, through its divisions known as Chemir Analytical Services, Cyanta Analytical Services, and

CAS-~l Laboratones (together, "EA~i") perfon:ns analysis and testing services (the "Services") only as specified in writing by Sponsor. EAG does
not ~eslgn, warrant, supervise or rnomtor compliance of products or services except as specifically agreed to in writing prior to the performance of the
Services. Sponsor acknowledges that, by their very nature, the Services are limited in scope and subject to expected measurement variability.

2. Samples.and portions thereof not destroyed in the performance of the Services remain the property of the Sponsor, are retained a maximum ono days
after project completion; unless i~structed otherwise in writing by Sponsor, and thereafter will be disposed of or returned to Sponsor. 111 Sponsor's
expense. The sponsor WI" be notified via e-mail as to their options regarding sample retention after the completion of their project.

3. Unl~s otherwise specified therein in writing. nothing contained in any neport issued by EAG shall be deemed to imply or mean that EAG conducts any
quality control program for the Sponsor to whom the report is issued.

4. Reports Issued by EAG are for the exclusive use of the Sponsor to whom they are addressed. Reports and the names Evans Analytical Group. LLC.
Chemir Analytical Services, CYlllta Analytical Services, and CAS-MI Laboratories, or their seals or insignias, are not to be used by or on bchalf of
Sponsor under any circumstances for any purpose whatsoever. including but not limited to use in advertising, publicity material or in any other manner
without EAG's prior written approval.

TERMS & CONDITIONS

S. Reports issued by EAG apply only to the standards or procedures identified therein and to the sample(s) tested.

6. EAG shall netain copies ofneports for a period of five years, after which such reports will be destroyed.

7. Unless specified in a report io writing, the analysis and testing results are not indicative or representative of the qualities of the lot from which the
sample was taken or of apparently identical or similar products.

8. Dcformulation analysis of commercial products is provided for informational purposes only. EAG strongly recommends review of stale and federal
laws, trademarks, copyrights and patent situations hy the Sponsor prior to use of such information.

9. EAG reserves the right to subcontract Services to other laboratories. Ifsubcontracting is necessary, samples will be sent only to laboratories meeting
EAG's qualifICation requirements,

II

LIABILITY
I. EAG is not an insurer or a guarantor. EAG represents that the Services shall be performed within the limits mutually agreed to, in writing. and in a

manner consistent with the level of care and skill ordinarily exercised by providers of similar services under similar circumstances. No other
representations or warranties, express or implied, are included or intended in this agreement. or in any report, opinion or document related to the
Services provided hereunder,

2. For the safety ofEAG's personnel, Sponsor must advise EAG if samples are known or suspected to contain hazardous substances. Material Safety
Data Sheets must be provided if available.

3. Sponsor understands and agrees that EAG, in entering into this Contract and by performing Services, does not assume, abridge, abrogate or undertake
to discharge any duty or nesponsibility of Sponsor to any other party or parties. No one other than Sponsor shall have any right to rely on any report
issued by EAG. Sponsor agrees, in consideration ofEAG undertaking to perform the Services hereunder, to protect, defend. indemnity, save harmless
and exonerate EAG from any and wi claims, damages, including lost profits. expenses, including attorney'S fees, either direct or consequential, for any
and all i'liuries to persons, including the personnel of EAG. or property arising out of or in consequence of the performance of the Services and/or the
performance of the samples tested hereunder.

4. Sponsor agrees that if EAG should be found liable for any losses or damages attributable to the Services in any respect, EAG's liability shall in no
event exceed the amount of the fee paid by Sponsor for such Services and Sponsor's sole remedy at law or in equity shall be the right to recover up to
such amount. Sponsor acknowledges and agrees that in no event will EAG be liable for consequential or Incidental damages or expenses, including,
but not limited to lost profits.

S. Whenever performance by either part} is delayed or prevented by war, insurrection, fineor other casualty. strikes or embargoes, shortage of
transportation facilities or any other similar or dissimilar causes, beyond the control ofsuch party, such delay or prevention shall be excused and the
time of'perfcrmance hereunder extended for the duration of the causative factor.

COSTS AND PAYMENT
I. Sponsor agrees to pay all invoices within 30 days of invoice date.

2. In the event thll1payment is not received within 30 days of invoice date, Sponsor agrees to pay a late payment charge on the unpaid balance equal to
1-112"A> per month.

3. All costs associated with compliance with any subpoenats) for documents, testimony in court oflaw, or for any other purpose re!aling to S.ervices .
perfonned by EAG for Sponsor. shall be paid by Sponsor, Sponsor shall also pay EAG's then existing standard fees for consulting, deposuion and trial
testimony and all expenses related thereto.

Project specific supplies including. but not limited to, standards, raw materials, shipping, columns andIor specialty chemicals and ~upplies req~ired for
execution of a Sponsor's project will be purchased by EAG and billed to Sponsor as pass-through costs. If necessary, EAG may bill a waste disposal
fee of up to 5% of tota! project cost or $SOO.OO,whichever is lower, to cover proper sample and chemical disposal.

4.
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5. EAG reserves the right to request a prepayment from Sponsor prior to initiating project work.

6. Should Sponsor cancel all or a portion of the project after the project has been initiated. Sponsor will be liable to EAG for all hours expended on the
projeclUp to the time of cancellation. at a rate ofS400.00 per hour. plus all project specific supplies at cost, or a minimum of25% of the estimated
project cost as a fee for EAG's mobilization on the project, whichever is greater. This cancellation charge is a fee for work performed and is not
regarded as liquidated damages.

MISCELLANEOUS
I. This agreement and any and all claims and disputes hereunder or related thereto shall be governed by the internal Jaws of the State of California. EAG

and Sponsor agree that exclusive jurisdiction and venue for any and all such claims and disputes shall be in Santa Clara County, California.

2. In the event thal EAG prevails in any dispute or claim, including the collection of monies from Sponsor, Sponsor agrees that Sponsor will pay any and
all expenses, including collection costs and attorney's fees, reasonably incurred in the prosecution or defense of such claim. dispute or collection.

3. The terms and conditions contained herein. together with EAG's quotation and offer of Services to Sponsor, and Sponsor's acceptance of such offer,
shall constitute the entire agreement between EAG and Sponsor. Any conflicting terms contained in any order or acceptance submitted by Sponsor
shall be null and void.

4. Due to the aggressive timelines associated with expedited analyses, a graduated surcharge would apply if the target completion date were not met, The
graduated surcharge would be pro-rated and based on the date when verbal analysis results were provided. If an expedited analysis is cancelled after
the start dale. up to 50"10 of the surcharge may be applied and due since mobilization of resources is performed immediately for rush projects.


