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Salt Spray (Fog) Testing to ASTM B117-18

Report No.: TR02785.06-01R0O

Prepared for: Ship-2-Shore
John Bower

Address: 109 — 7337 North Fraser Way
Burnaby, BC V5J 0G7

Coating

Manufacturer: Ship-2-Shore

Date Received: 12 August 2019

Date Tested: 16 August 2019 to 28 September 2019

Part Data: Coated specimens of 5 steel pipes

Equipment Used:  Q-Fog Cyclic Corrosion Tester CCT-1100, Powertech asset 30853
Mettler Toledo pH meter F20, Powertech asset 34062
VWR Hydrometer, Powertech asset 33700

TEST CONDUCTED:

Salt spray testing was conducted using the Q-Fog CCT in accordance with the following

standard:
e ASTM standard B117-18, “Standard Practice for Operating Salt Spray (Fog)
Apparatus”

SAMPLE DESCRIPTION & PREPARATION:

The client provided specimens consisting of the substrates and coatings listed in the
table, below.

Sample ID Substrate Coating

$25-100 Pipe Steel pipe Unidentified Ship-2-Shore coating
§2S-336 Pipe Steel pipe Unidentified Ship-2-Shore coating
$2S-500 Pipe Steel pipe Unidentified Ship-2-Shore coating
$2S-1000 Pipe Steel pipe Unidentified Ship-2-Shore coating
X-100 Pipe Steel pipe Unidentified competitor coating
X-336 Pipe Steel pipe Unidentified competitor coating
X-500 Pipe Steel pipe Unidentified competitor coating
X-1000 Pipe Steel pipe Unidentified competitor coating

The specimen substrate materials and coatings were supplied by the client and substrates
were not cleaned prior to coating. The coatings were applied to the substrate samples by
Ship-2-Shore representatives, Zoran Culin and Erik Bergvinson, who then witnessed the
samples’ placement inside the Q-fog chamber before commencing the salt fog test.
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TEST SOLUTION PREPARATION:

The test solution was prepared using 5 + 1 parts by mass of sodium chloride (NaCl) and
95 parts of water. Impurity content in the sodium chloride was confirmed to be below the
limits given in ASTM B117, Section 8. Adjustment to solution pH was made using analytical
grade sodium hydroxide and/or analytical grade hydrochloric acid.

TEST PROCEDURE:

The test specimen was loaded into the test chamber in the orientations shown in Figure
1. The specimens were supported on inert racks in the salt spray chamber; the flat panel
specimens were oriented at an angle of 20° + 5° inclined from vertical.

The test parameters are shown below, in Table 1.

Table 1: Test parameters

Parameter Value

Duration 1000 hours

Start Date 16 August 2019

End Date 28 September 2019

Chamber Temperature 35°C+2°C

Collected Solution pH pH 6.5t0 7.2 (at 23°C £ 3°C)

Collected Solution Concentration | 5+ 1 part by mass NaCl to 95 £ 1 part
distilled water

Chamber temperature, collected solution specific gravity, collection rate, and collected
solution pH were measured every 24 hours, or up to a maximum of 96 hours when the
time period spanned a weekend or holiday.

The condition of specimen IDs S25-Pipe, X-Pipe, X-Sheet and S2S-Sheet was documented
by photograph at the following approximate intervals: 100, 336, 500, and 1000 hours. At
these intervals, the tape coatings were removed and the substrates were visually
inspected.
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Figure 1: Inside the Q-fog chamber before starting the test
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TEST DATA:

See Appendix A for the test record.

All parameters except for collected solution pH were within the standard specification
for the duration of the test. Collected solution pH remained near-neutral, but particular
daily measurements were marginally below the specified pH range (minimum values of
6.0-6.3 versus 6.5-7.2). As per ASTM B117, reservoir pH adjustments were made to
compensate when the collected solution pH was found to be out of specified range.

TEST RESULTS:

Test results relate only to the items tested. No acceptance criteria were provided by the
client.

The wrap coatings were removed and the substrates were visually inspected and
documented by photograph at the following approximate intervals: 100, 336, 500, and
1000 hours. Photographs of PLID wrap and X-pipes specimens after 100, 336, 500, and
1000 hours exposure are provided in Figures 2 through 5. After removal of the wrap
coatings, examination of the PLID wrap specimens’ substrates under the coatings found
the specimens did not sustain corrosion, pitting, or metal loss after exposures of up to
1000 hours (Figure 3B).

Evidence of corrosion was observed on the pipe specimen substrate applied with the
unidentified competitor’s coatings after 100 hours (Figure 4A).

Figure 6 compares the condition of the X-Pipe and the S25-Pipe specimens after 336 and
500 hours of exposure, respectively. No evidence of corrosion was detected on the PLID
wrap pipe specimens whereas evidence of corrosion was observed on X-pipe specimens.
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A) 100 hours B) 336 hours

Figure 2: PLID Wrap pipe specimens, after exposing to salt spray testing for
approximately A) 100 and B) 336 hours.
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A) 500 hours B) 1000 hours

Figure 3: PLID Wrap pipe specimens, after exposing to salt spray testing for
approximately A) 500 and B) 1000 hours.
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A) 100 hours B) 336 hours

Figure 4: X pipe specimens, after exposing to salt spray testing for approximately A)
100 and B) 336 hours.
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C) 500 hours D) 1000 hours

Figure 5: X pipe specimens, after exposing to salt spray testing for approximately A)
500 and B) 1000 hours.
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el )

Figure 6: Evidence of corrosion on X-pipes after (a) 336 and (b) 500 ors of salt spray

testing.
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SALT FOG (SPRAY) TEST RECORD
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Powertech Test Standard: 0150 9227:2017
AMTPOS5 Salt Fog Test Record & ASTM B117-16
DOC. ID: AMFT03-R3
Jient/PL#: Sh('p,z,ghpr PL-42735 Equipment: (3 Foq CCT oo
Duration: | 000 hug Asset #: 303853
Start Date/Time: ftyg \§ / (2:30 PM Cal. Due Date:
End Date/Time: Sep 97,23
Pre; & Post-test Checks: Start of Test Checks:
a{ample condition and placement photodocumented? Atomizing air check: |l_.!.§ | Im’Pressure, kPa (psi)
0 Acceptance criteria confirmed? pJo 2,5 °c. Temperature, €
Iy‘re-/post-test cleaning requirements confirmed/completed? o Pass o Fail
#Pre-test collection rate test complete (reg. for ISO 9227)? oN/A
i T Time - | Solution | Specific [ | Collacted | Mass Check’ T:'satp;::e co,llzea?eion Ct;:r:\n:er Initial
Type Temp (°C)| Gravity’ Vol (mL) (g/hr) {hr) mi/hr) o)
@ Yed|
() Pog 9 | 3:00 |9 |1033 |6-31| 17 W ke | VSH5| 35 |g¢
“®R) M99, 2009 3:05 | 24.8 [)-03F [636 ] 136 W hs|[1.6 | 35 |SK
Res |Pua 16,209 12:30 | 23-83 | 1.0%0 [ 63| £ > [sK
& | fvg 0,208 2:30 [2600 ] 10326 55] 00 76‘59I ENE
S [ng o0 2:30 [22.9 [1.0327*F6 51| 80 765%F |o52] 35 | s€
B.1 = 3:-00 |15.F [1-029%%.97 >
Or |Mg0200] 345 [24.6 | 0330645 4L 55370 35 | s
O L |mwgaoy 345 [24. 4 [ 10 3376-(6] 28 55870 35 | sK
R v [ 3:80 |5g.7 [1-030"149.0/] «<—] >
R [ Ana,m09 3:00 [ 244 [1.032 [6.60] 27 55993 [1v.174 | 35
9 |pvgui] 2:00 [ 240 [1-032 [6.50] 29 5589 3 |1.695 | 35
R | Py 2,2 3:00 | 24,6 |\- 0347 645| 33 5591 |1.583
O [tqayp] 3:00 [ 252 [0 ™ 6.4o 24 S 9% |\ 00
Res 3:30| 22-F (1029 |g.54
23-8 059
OR | Mwg23 | Voo | 2501034 [6.48] 32 75929 | ). 454] 35 [SK
© L | P 23] 100 [ 24 61038 [6.4)] 2] 35939[0.954] 35 [sK
, Notes:
1 Solution Type: P = Prepared, R = Reservoir, C = Collected

2 Column typically contains SG values not corrected for hydrometer offset. If SG value is outside the accepted range of 1.027 - 1.033, also report the corrected
value using the notation ion: SG, (SG )

I 3 Report the mass/hour value for the collected solution volume. If within the range of 1.02-2.06 g/hr, the collected volume measurement is confirmed.

Date Issued: 2018-08-24

Document Owner: K.Porter Pg__of
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POW@ rtec h Test Standard: 0 10 9227:2012
AMTPOS Salt Fog Test Record [J ASTM B117-16
DOC. ID: AMFT03-R3

~iient/PL#: Equipment:

Duration: Asset #:

Start Date/Time: Cal. Due Date:

End Date/Time:

5 I ion r

e | e[| et |t | || o
- (hr) (mL/hr) (°c)

Res: [gon23 | 1:30 | 25 [ 10520 6.43 | < >
SR [ hqo6 [12.50% 23.H v-03®]6.64] ng 5600 V.662] 25 [k
o) (g & 1350 131 615] 73 ceoiof 1.022] 35 [k
OR | Ag23]2:10 [2553 |i.¢30 [6-7431.5 56035] 1.5 [ 35 |sk
YL |higoz] 2.0 [24.9]1-050 [6.33] 21 56035 0.34 | 35 |5
Ros | Awg 2H 2:20 [ 24.8 [1.02F [6.95] & —F—
OR | ARG 23] 2 00 [23-3[ V034 |64 33 56 059[\.58 | 35 <k
O L | Pugod| 200 23-i | 1-034]6-44 23 56059 0.953] 25 | 5K
Reo | Boa 28] 230 236 1.02F[777 [ & B
©el fg29] 2-13]126211.031 [6H5] 33 | 0.803 |56033 39 =2
Ol a9 2324721037631 29 | 065 [56035 3 o
Keo | pug 99] 2:35[ 25 % | V-0 20760 = ——} >
i 7 ) .

L {hgzol2 solage | odZli 48] 2¢ Solobll.ot | 35 [ #
R_|hwavo]ly solave | Jo30liyo] 239 Coto] 1. S| 35 | &Y
REs | pauyyo | 2750 | 24ub | 1.02F|200] £ : e — >
L |Sep o3 | 2:5 R

R _1Sep 03] 2:50 [284 [1.032]6-87[13¢.5 6002135 | 35 |k

LIRES [4y 03] 2.9 [23 5 [ 1-032[672[104.5 | 5% 22 |56202] 1.08 |35 [|SC

ReSl4ep 03| ors0f25 8] 103018361 | —

L [Sep o4] 2:50 [23.4 100 6.9 26 56226 | 1\-08 | 35 | ¢
K | Sepot|25 [ 233] Lo32]678[12.5 nenb | .07 35 [sk
Res [ 5ep 0% 2:%6 | 256 1-020[3 3] e——A 5601 He—] 35 | 5K

l Notes:
1 Solution Type: P = Prepared, R = Reservoir, C = Collected
27 Column typically contains SG values not corrected for hydrometer offset. If SG value is outside the accepted range of 1.027 - 1.033, also report the corrected
S | value using the notation convention: SGunccersaed (SGearrected)

3 Report the mass/hour value for the collected solution volume. If within the range of 1.02-2.06 g/hr, the collected volume measurement Is confirmed,

Date Issued: 2018-08-24
Document Owner: K.Porter Pg_of

This report shall not be reproduced, except in full, without the written approval of Powertech Labs, Inc. Page 13 of 16
TR02785.06-01R0



Powertech

Powertech Labs Inc.

MATERIALS SOLUTIONS 12388 88" Ave., ® (604) 590-7500
Surrey, B.C., (888) 590-6501
TEST REPORT Canada V3W 7R7 www.powertechlabs.com
Salt Spray (Fog) Testing to ASTM B117-18

Powertech Test Standard: 0 150 9227:2012

AMTPOS Salt Fog Test Record ] ASTM B117-16

DOC. ID: AMFT03-R3

dent/PL#: Equipment:

Duration: Asset #:

Start Date/Time: Cal. Due Date: o

End Date/Time:

Solution Soluti Specific Collected 3 | Elapsed [ Collection|Chamber
o | D | T ot cemty | P | Voltan Ma:;/co:)m b (ifz,, ™
R [Sepos | 30 |96.5 [1-0%276-44] 39 F250 35 | 4%
L | Sepos | 300 |26-6]10321%%]6.63] 75 56950 75 |3k
Res | Sep 05| Boo V.025°Y°8.06| «——F— Preenilig
R | Sepob | 3:15[22-1 | 1031 [649] 7€ 56213 [ 1. 24F] 35 [4K
L [ S%pdo] 315122 )] 1031 |648] 24 56213 |1.043] 35 [SK
Res §Lf) obl 351 260 1.628 199| « >
R [Sepoa]2:10][278 | 1030 |65 [127-5 56343 [ \-821 [ 35 [SK
L [ Sp0a]2: 0][27F]1.03 |6]5]75 - 196343[1.071] 35 [SX
fes | Sep 09 2 16 [25.6 1023 7177

R |8 121249 | 252 | 037 | bYc| 28u3 Sb3ck | .22 | 35 | Ry
L _|Sepro|2:4% |25\ | 1032 ]|648)] 28 $636R | {12 | 25 | ey
Rés | Sop 0] 2248 |26.4 | |.0Z8 |45 | & * |y

p U |12:06 | 22\ | 1032 [652| 32> 56327 V- 64| 35 [SK

L | Sep 1r]12:06]91.6 [1-022 [6:69] )9 56332 100 [ 35 [sK
5] Sep uln:0blouol]-029]75] &—— K
R | Sp 12[2:40 2541033 [c.68] ci L6QIF[1.542] 35 [3K
] | Sep (2]2:40 (239 1033 |g-6H 35 56 41F 1166 | 25 [5K
RES| Sep (3] 2:40] 260 1-030 [$.42] < —— 5§
Notes:

I 1 Solution Type: P = Prepared, R = Reservoir, C = Collected

! Column typically contains SG values not corrected for hydrometer offset, If SG value is outside the accepted range of 1.027 - 1,033, also report the corrected

" value using the notation convention: 56, ....cted (SGcorectsc)

I 3 Report the mass/hour value for the coflected solution volume. If within the range of 1.02-2.06 g/hr, the collected volume measurement is confirmed.

Date Issued: 2018-08-24
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Powe rteCh Test Standard: 0150 9227:2012
AMTPO5S Salt Fog Test Record : [0 ASTM B117-16
DOC. ID: AMFT03-R3

aent/PL#: Equipment:
Duration: Asset #:
Start Date/Time: Cal. Due Date:

End Date/Time:

Elapsed | Collection | Chamber

Solution Solution | Specific Collected | Mass 2
Type' Hts Time Temp (°C) G':a\litvz e Vol (mL) ) (B/‘I:::;d( Tes(:;me (n'::/t:r) T:.r:,p s
R 1% 1€ | was]26.8 [1.032] 6.60] 1375 643t 1964 | 25 [t
L 2 o 1221102\ [7.62] 97 soudH \-386] 35 [s¢
RES . y |24\ | 1-030 |B-36]| &— >
R [Sep17 [2:26 1233 [1-03%0 |oso| 46 56513 [1-769| 25 [5K
L v 225 |24 3| 1:0%0 [65&k]| 30 50 513 |-154] 35 |5
RES ly 2:26]126-9]\-013F |3206} ¢ —
K | S%p 18]12:20 | 280 V.031 |6.94] 37 %534 [(.16 | 35 [s¢
L | oep 8| 1230 | 269 1-031 [642] 05 56534 11-19 | 35 |5
REsl ™, 112301252 [1.029]795] « | —|55A |——F— | 5¢
R [ Sep o] 2245]25.3 [1:035 [6%9] 53 56561 1196 | 35 | sk
L | S o | 2285 [24F]1:03% [o-bd] 31 5656) | 1:15 | 35 |
RES Seppl 2245 0o [7Al ~— | — 3
R TS&pa]| 1 wl22711033[6-:69] 4¢ 56532] 2o [ 35 |sK
L | Sep20] |:0]22-5] 1.623]67\| 25 56533 [-[36] 25 |sk
RES] Sep 20| 216 ]94-1 [[.020 [1-82¢— —> | sk
e b
K 130 545 |21 | 10321 645 153 S0 Cs5] 20 | 35 5K
L [%ep 23[1us5[959 [1.030T6N| 32 56665 |-15 [ 35 |5k
RES [5p [T hs[24.4]1-020](359 [ < e
K [Sep mfuuulogol.033]66]] 358 566771161 | 35 |SK
L 150 4 (144] 924 L-0%3]6-51] 25 66771 - & 25 |5k
RESI Sep 24 V144 24.9] 1 -030]8-20 == > >k

Notes:
1 Solution Type: P = Prepared, R = Reservoir, C = Collected
Column typically contains SG values not corrected for hydrometer offset. If SG value is outside the accepted range of 1.027 - 1.033, also report the corrected
- value using the notation convention: SG,,c.yectes (SGcarrectea)
[i Report the mass/hour value for the collected solution volume, If within the range of 1.02-2.06 g/hr, the collected volume measurement is confirmed.

Date Issued: 2018-08-24
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POWG rtec h Test Standard: 0 1S0 9227:2012
AMTPOS Salt Fog Test Record O ASTM B117-16
DOC. ID: AMFT03-R3

dent/PL#: Equipment:
Duration: Asset #:
Start Date/Time: Cal. Due Date:

End Date/Time:

Solution Solution | Specific colicted | Masstriag? | Fiowsed [Collsction{Chumber|
Tooe! Date Time Temp ()| Gravity? pH Vol (mL) (&/hr) Test Time Rate Temp | Initial
» y the) | (mihe) | ()

R 1725 Sep | 10:05 [22.6 | V030 [6.02] 3F | 1.6%814456699]1-68 [ 25 [$K
L 125 6ep| 10:05 [22.5 | 1030 ]6-09] 24 | 16919956699 1-09] | 35 [SC
RES| 25 &pl 10-05[25.4] 1-032[7 91 &— 5| 25 [SX

R 126sep L1345 (252 (o3 |e28]|4q | AW czmbll8] | 35 |Pq
L | 20sep [12:45 |25.( | 1.030]|b23]| 32 |- 1751 Sbaze | 119 25 | Lop
Res | 26cep |[2:45 | 28.5 | |, 022 = > | 235 |4,

R 127 ¢ep 119 uolau- 311033 [g.35] 38 [ 15744 6150 [ 157 [ 26 [k
L |97 cpliz-uol 24211033 [641] 24 0.96% 56715l | 0-926] 35 |SK
e )r wp | Bu0] 209 [ 028 [1.93] e——F——| o6l [« 35 [sk

R 130 % [v0:00| 222 [ 1033 [640] 34 56712 | 1143 | 35 |<K
L 1% swp|(o:00] 229 1-0%3 [ 0.39 272 56 1712|0416 35 | K

Notes:
IfSoluhon Type: P = Prepared, R = Reservoir, C = Collected

* Column typically contains SG values not corrected for hydrometer offset. If SG value is outside the accepted range of 1.027 - 1.033, also report the corrected
l value using the ion ¢ ion: SG (5G orrected)

3 Report the mass/hour value for the collected solution volume. If within the range of 1.02-2.06 g/hr, the collected volume measurement is confirmed.
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