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1.   Introduction 

Eight candidate hexavalent chromium (Cr^^) free conversion coatings for evaluation on 
aluminum alloys were selected based upon feedback from U.S. Navy, U.S. Air Force (USAF), 
U.S. Army, and National Aeronautics and Space Administration (NASA) representatives at an 
initial meeting with persormel representing the Environmental Security Technology 
Certification Program (ESTCP) and the Joint Group on Pollution Prevention (JG-PP). Most 
funding for this study was provided by these organizations. The overall nonchromate study 
consists of two phases: phase I laboratory validation of alternatives through extensive coupon 
tests to evaluate paint adhesion, corrosion resistance and other criteria, and phase II field testing 
and process validation of selected alternatives at various user facilities. 

As in a previous study [1] of these Cr^^ alternatives, the focus of this particular report is 
constrained to phase I laboratory data. This report specifically examines American Society for 
Testing and Materials (ASTM) B 117 [2] accelerated corrosion exposure of aluminum Al 
2024, 2219, 5083, and 7075 specimens treated with the candidate hexavalent chromium-free 
pretreatments as well as one hexavalent chromium-based pretreatment (Alodine 1200S) used as 
a control. In order to closely match conditions found in currently fielded equipment, five 
organic coating systems commonly used in fielded Department of Defense (DOD) systems 
were selected. 

2.   Experimental Procedure 

Al panels (each nominally 7.62 x 12.7 cm) of alloys 2024-T3, 2219-T87, 5083-H131, and 
7075-T6 were obtained. Prior to pretreatment and testing, all coupons were clearly labeled 
using a mechanical scribe to permanently affix the experimental designation. Twenty-five 
panels with each pretreatment combination were prepared for each alloy for neutral salt fog 
exposure. Each set of 25 panels was fiirther subdivided into 5 groups, one for each of the five 
selected DOD coatings. The five DOD coating systems applied were: 

• MIL-PRF-23377 [3] high soUd epoxy primer with MIL-PRF-85285 [4] high solid 
polyurethane topcoat (USAF/U.S. Navy). 

• MIL-PRF-85582cl [5] waterbome epoxy primer with MIL-PRF-85285 topcoat (U.S. 
Navy). 

• MIL-PRF-85582nc waterbome epoxy chromium-free formulation primer with 
MIL-PRF-85285 topcoat (Experimental/JG-PP/USAF/Navy/Boeing). 



• MIL-P-53030 [6] water-reducible epoxy primer with MIL-C-53039 [7] chemical agent 
resistant single component polyurethane topcoat (U.S. Army/U.S. Marine Corps 

[USMC]). 

• MIL-P-53022 [8] epoxy primer with MIL-C-53039 polyurethane topcoat (U.S. 
Army/USMC). 

The first two coating systems, 23377/85285 and 85582cl/85285, each contained hexavalent 
chromium compounds in their primer formulations; therefore, elimination of Alodine 1200S 
pretreatment would only reduce the total hexavalent chromium present in these cases. The 
remaining three coating systems (85582nc/85285, 53030/53039, and 53022/53039) were 
chromium free. The two U.S. Army/USMC coating systems meet chemical agent resistant 
coating (CARC) specifications. 

Prior to painting, all of the panels were cleaned and pretreatments were applied per each of the 
pretreatment manufacturers specifications at the U.S. Naval Air Systems Command (NAVAIR) 
facilities. The coating system's respective primer coats were applied within 24 hr after the 
pretreatment application to each group of five panels for each pretreatment for each alloy. The 
topcoats were applied after 24 hr primer cure. The full coating system was then cured at 
ambient conditions for 14 days. The panels were then dehvered from NAVAIR to the U.S. 
Army Research Laboratory (ARL) test facilities. Figure 1 depicts a schematic detailing the 
ASTM B 117 neutral salt fog panel test matrix. 

Alloys   •   Pretreatments 

X 

TCP 10 
Ala£lji;;e 5200 
sincnl 
Xrr PfKote 
Oybl^AI-0500 
Chej^dize 727 ND 
BinKAklimate 
Boegel 
Alodine 1200S 

X 

Coatings Coupons 

23af7985285 
853^^1/85285 
85582r%85285 X 
53030/^039 
53022/53039 

= 900 Total Coupons 
Figure 1. ASTM B 117 test panel matrix breakdown. 

One large corrosion test chamber was used to evaluate all of the coated aluminum test panels 
(Figure 2). Inmiediately prior to exposure, the panels were all "X" scribed using a standard 
carbide-tipped hardened steel scribe. The scribed panels were placed into the chamber and 
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Figure 2. Test chamber and panels used for ASTM B 117. 

exposed to ASTM B 117 neutral salt fog conditions consisting of 95 °F with saturated humidity 
and atomized fog of 5% NaCl solution. In order to chronicle the corrosion, specimens were 
numerically rated for damage at weekly intervals up to 3 weeks followed by subsequent 
inspections at 500-hr intervals up to 3000 hr or until specimen group failure using method 
ASTM D 1654 [9]. Specimen group failures were defined when three or more of the panels in 
a particular alloy/pretreatment/coating set were measured with a rating of "0" under method 
ASTM D 1654. In addition, the representative panels rated from each of the five test panels 
were digitally scanned at 600-dpi resolution and saved as high-quality graphics files. In order 
to facilitate easier viewing of the inevitable large quantities of data from this matrix, color 
codes were assigned based upon ranges of ASTM D 1654 ratings. Table 1 depicts the ASTM D 
1654 rating parameters and also defines the colors and their respective rating ranges. 

3.   Results 

With the exception of the early failures previously defined under ASTM D 1654, the coated 
panels were all subjected to 3000 hr of ASTM B 117. The creepback ratings at the designated 
intervals for the representative panels are characterized in Tables 2-21. In addition, final 
3000-hr creepback ratings for all panels are listed and characterized in the Appendix. The 
prevalent failure mode for most of the panels was blistering along the scribe. In addition to the 
creepback severity color coding assigned in Table 1, additional corrosion characterization 



Table 1. Evaluation of painted of coated specimens subjected to corrosive environments-ASTM D 
1654. 

Rating of Failure at Scribe (Procedure A) 
Representative Mean Creepage From Scribe Rating 

Number 

Over 1.0 to 2.0 
Over 2.0 to 3.0 

1/32 to 1/16 
1/16 to 1/8 

7 
6 

Note: Solid colors depict normal scribe creepback from corrosion. 

Table 2. ASTM D 1654 scribe creepback ratings for Al 2024 coated with 23377/85285. 

Pcnel# Pretreohnent 
2-001 Alodnel200S 
2-101 TCPIO 
2-201 Alodne 5200 
2-302 Scnchem7000 
2-401 X-IT PreKote 
2-501 OxsilcnAI-0500 
2-601 Chemidze727ND 
2-701 Bi-K Akiimafe 

2-801A Boegel 
Note: Solid colors depict normal scribe creepback from corrosion. 

through application of textures to the color coded cells is provided in the tables. Figure 3 
details these additional characterizations and provides examples. In cases where bUstering 
occurred away from the scribe, the table cells appear with diagonal crosshatching. In situations 
where coating creepback from the scribe resulted from adhesion loss, vertical crosshatching 
was used. In a few rare situations, mixed failure mode consisting of nonscribe blistering with 
adhesion loss at the scribe occurred. In these situations a finer textured crosshatching pattern 

was used. 
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Table 3. ASTM D 1654 scribe creepback ratings for AI 2024 coated with 85582cl/85285. 

Pcnel# Pretreotment 
2-056 Alodne1200S 
2-106 TCPIO 
2-206 Aloclne5200 
2-307 Scnchem7000 
2-407 X-IT PreKole 
2-508 OxsilcnAI-0500 
2-606 Cherrtdze727ND 
2-706 Bi-K Aklimate 

2-806A Boegel 
Notes: Solid colors depict normal scribe creepback from corrosion. 

Vertical crosshatching denotes adhesion failure. 
Diagonal crosshatching denotes blistering away from immediate scribe regions. 

Table 4. ASTM D 1654 scribe creepback ratings for Al 2024 coated with 85582nc/85285. 

Pcnel# 2500 hr 1 3000 hr 

2-011 Alodnel20ns   ^■■^^^HII^B^Hi^HPj|l| ,..,7      I      1 
2-111 Tfpin       ^^^^^^^^H     6     l^'''f8S3i^Lr;ili;<!J% \^M<.-^A\XS;A^ 
2-211 Alodne5200 

IllllllilliililliiiiiiliSfS^^^^^^,^^^^^ 
i^^^^ 

2-311 Scnchem7000 
2-411 X-IT PreKcte 
2-511 1       7       1       7       1 
2-611 Cherridze 727ND 

^KKMMK^m^^^KSmK/Kif^^K^KKt re8»»» 
2-711 Bi-K Aklimole 

2-81 lA Boeoei 
Notes: Solid colors depict normal scribe creepback from corrosion. 

Vertical crosshatching denotes adhesion failure. 
Diagonal crosshatching denotes blistering away from immediate scribe regions. 

Table 5. ASTM D 1654 scribe creepback ratings for Al 2024 coated with 53030/53039. 

Pcnd# 
2-016 Alodnel2nns   liiiii^ 
2-116 TCPlO         liiilllilllllll     1     \     6     pBMWaJBiiiwiii^^ 
2-216 Alodne5200    IJJJJJJJJJJJJJJH^MMI^^^^^^^^^^^^^^^^^^^ 

2-316 Scnd-ienn7000  |__7__^H^^^H|^^^^^^^^^^^^^^^^^^^^^^^^H 
2-416 PreKote    imHI     :      liilil^^^^^^^^^^^^^^^^^^^B 
2-519 OxsllcnAI-0500 |i||ii^H||H^H^^^^^^^^^^^^^^^^^^^^^H 
2-616 Cherridze 727NDIHH^^^^^^^^^^^^^^^^^^^^^^^^^^^^^H 
2-716 BI-K Akllmcife   ^^^^^^^^^^^^^^^^IJIIIItllKIIII^^ 

2-817A Boepel         ^      7      IHiililliiHilHISHillB 
Notes: Solid colors depict normal scribe aeepback from corrosion. 

Vertical crosshatching denotes adhesion failure. 
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Table 6. ASTM D 1654 scribe creepback ratings for Al 2024 coated with 53022/53039. 

Pcnel# Pretreotment   11 Week 12 Weeksl3 Weeksl 1000 hr 1 1500hr 1 2000 hr 1 2500 hr 1 3000 hr | 
2-025 Alodnel200S   ^^H^6lliiiraHiSiliHn HH^MHMIPV 2-121 ^^^■^^■TI            1 
2-221 Alodne5200    ^^^^^^HH|H__^__I_ 6^i[i|||M||ii^^ 
2-324 Scnd-ienn7006  ^^^^^^^^^^^HHHH| 

^^^^^^^^^^^^B^^i 

2-425 PreKole    ^^^^^^^^^^^^^^H 
2-523 QxsilcnAi-0500 MHiHH^^^^^^^I 
2-622 Cherr^dze 727NDraHa^^^^^^^^^^^H 
2-721 Bi-K Akllmale   HMJ^HH^^^^^^K 

2-821A Boeqel        ^^^^^^^^^^^^^^^^F 
Note: Solid colors depict normal saibe aeepback from corrosion. 

Table 7. ASTM D 1654 scribe creepback ratings for Al 2219 coated with 23377/85285. 

Pcnel# Preireotment   11 Week 12 Weeksl3 Weeksl 1000 hr 1 1500hr 1 2000 hr 1 2500 hr 1 3000 hr 1 
9-001 Alodnel200S ^^^^^^^^^^^^^^^^H^^^HRIilliRiiililPII^^ 
9-101 TCPIO ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^M 
9-201 Alodne5200 ^^^^^HH^^JH^^^^^^^^^^^^^HHHHHHHHHHJ 
9-301 Scnchem7000 7   HBHIIIIIH^ 
9-401 X-IT PreKote i  liliiililillllillliliiilllilliiilliiliiiiliiiiiliili                        7   1 
9-501 
9-602 Chemidze 727ND 7     1     7     1     6     |l[|flH||^ 
9-701 Bi-K Akiimate i     1      ti     1      i     lilllHIIIillilllililllllllllllllllllH                 7      1       6      1 

9-801A 
Notes: Solid colors depict normal scribe creepback from corrosion. 

Vertical aosshatching denotes adhesion failure. 

Table 8. ASTM D 1654 scribe creepback ratings for Al 2219 coated with 85582c 1/85285. 

Notes: Solid colors depict normal scribe creepback from corrosion. 
Vertical crosshatching denotes adhesion failure. 
Fine textured crosshatching denotes adhesion failure AND blistering away from scribe. 
Diagonal aosshatching denotes blistering away from immediate scribe regions. 

BEST AVAII^BLE COPY 



Table 9. ASTM D 1654 scribe creepback ratings for Al 2219 coated with 85582nc/85285. 

Pcnel# Pretredment   11 Week 12 Weeksl3 Weeksl 1000 hr I  1500 hr 

Notes: Solid colors depict normal scribe creepback from corrosion. 
Diagonal crosshatching denotes blistering away from immediate scribe regions. 

Table 10. ASTM D 1654 scribe creepback ratings for Al 2219 coated with 53030/53039. 

Panel # 
9-017 
9-116 
9-219 
9-318 
9-416 
9-520 
9-617 
9-716 

9-816A 

Pretredment    11 Week 12 Weeksl3 Weeksl lOOOhr I 1500 hr I 2000 hr I 2500 hr I 3000 hr' 
Alodne1200S 

TCPIO 
Alodne5200 

Scnchem7000 
X-IT PreKofe 

OxsilcnAI-0500 'MiSiliSiS 
Cherridze 727NDI 

Bi-K Aklinngte 
Boegel I 

Note: Solid colors depict normal scribe creepback from corrosion. 

Table 11. ASTM D 1654 scribe creepback ratings for Al 2219 coated with 53022/53039. 

Pcnel# 
9-021 
9-121 TCPIO 7     1     6     1     6     1      6      1       6      1       6      m^S^mtm&M.t i 
9-221 Alodne5200 ^^^M ^EH ^^^M' 1l:E:M::M 
9-323 Scnchem7000 
9-421 X-IT PreKote 
9-523 Oxsllcn AI-0500 
9-621 Cherrtdze 727ND ^^^^        .       1         i        1         i        1          1         1                    III 
9-721 Bi-K Aklimole 

9-821A 
Notes: Solid colors depict normal scribe creepback from corrosion. 

Diagonal crosshatching denotes blistering away from immediate scribe regions. 
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Table 12. ASTM D 1654 scribe creepback ratings for Al 5083 coated with 23377/85285. 

11 Week 12 Weeksl3 Weeksl   1 OOP hr Pcnel# Pretreofment 
5-001 Alodnel200S 
5-101 TCPIO 
5-201 Alodne5200 
5-301 Scnchem7000 
5-401 X-IT PreKote 
5-501 a<silcnA-0500 
5-601 Chemidze727ND 
5-701 Bi-K Akiinnate 

5-801A Boec^ 
Notes: Solid colors depict normal scribe aeepback from corrosion. 

Vertical crosshatching denotes adhesion failure. 

Table 13. ASTM D 1654 scribe creepback ratings for Al 5083 coated with 85582c 1/85285. 

Pcrel# Prefreotment   11 Weekl 2 Weeks 13 Weeksl   1000 hr 1 1500 hr 1 2000 hr  1 2500 hr 3000 hr  1 
5-006 Alocinel200S   ■■■■■■■■■■H 

•j 

■ ■ ■ 5-106 ^^^^^^^^^^^^^^H 
5-206 Alocine5200   ^^^^^^^^^^^H^H 
5-306 Scnchem7nnn |H^^H^^^H^H              1 
5-406 X-IT PreKote   |||   '     | |     ^     |       ^       | 9 9       1 r 

5-506 a<$llcn Al-05m mmmmm^^ 
V          1 ^^- 5-606 Chemicize 72~7ND^^^^^^^^^^^^^^^I 

5-706 BI-K Akilnncire   ^^^^^^^^^^^^^^^Bf r>        1 
T 0 

5-806A Boeqel        i^^^l^^^^^^^H 
Notes: Solid colors depict normal scribe creepback firom corrosion. 

Diagonal crosshatching denotes blistering away from immediate scribe region. 
Vertical crosshatching denotes adhesion failure. 

Table 14. ASTM D 1654 scribe creepback ratings for Al 5083 coated with 85582nc/85285. 

Pcnel# Pretreolmerit ISOOhr 1 2000 hr 1 2500 hr 1 3000 hr | 
5-011 Alodnel200S 

^^^^^^^^^^^^H 
^^^^^^^^^^^^^^^J 

5-111 TCPIO 
5-211 Alodne5200 
5-311 Scnchem7000 
5-411 X-IT PreKofe 
5-511 Oxs Hen Al-0500 
5-611 Chenidze727ND 
5-711 BI-K Aklimole 7   ■nfli^BH^^^H 

5-811A 
Notes: Solid colors depict normal scribe creepback from corrosion. 

Vertical crosshatching denotes adhesion failure. 
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Table 15. ASTM D 1654 scribe creepback ratings for Al 5083 coated with 53030/53039. 

Note: Solid colors depict normal scribe aeepback from corrosion. 

Table 16. ASTM D 1654 scribe creepback ratings for Al 5083 coated with 3022/53039. 

Pand# Prelredment 
5-021 /Modnel200S 

;iifli£l ; 

5-121 TCPIO 
5-221 /Modne 5200 
5-321 Scnchein70Q0 
5-421 X-IT PreKd-e 
5-521 OxsilcnAI-05G0 
5-621 Chemidze727ND 
5-722 Bl-K Aklimote 

5-821A Boeqel 
Note: Solid colors depict normal scribe creepback from corrosion. 

Table 17. ASTM D 1654 scribe creepback ratings for Al 7075 coated with 23377/85285. 

Pcnel# Pretreaiment 

7-001 Alodnel200S 
7-101 TCPIO 
7-201 Alodne 5200 
7-301 Sanchenn7000 
7-402 X-IT PreKote 
7-501 OxsilcnAI-0500 
7-601 Chemdjze 727ND 
7-701 Bi-K Akiinncite 

7-801A Boegel 
Notes: Solid colors depict normal scribe aeepback from corrosion. 

Vertical crosshatching denotes adhesion failure. 
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Table 18. ASTM D 1654 scribe creepback ratings for Al 7075 coated with 85582c 1/85285. 

1 Weel<|2 Weeksia Weeksl   IQOO hr Pcnel# Pretreatment 
7-006 Alodnel200S 
7-106 TCP 10 
7-206 Alodne5200 
7-306 Scnchem7000 
7-408 X-IT PreKote 
7-506 OxsilcrAI-0500 
7-606 :hemidze 727NC 
7-706 Bi-K Aklimat© 

7-806A Boeael 
Notes: Solid colors depict normal scribe creepback from corrosion. 

Vertical crosshatching denotes adhesion failure. 
Fine textured crosshatching denotes adhesion failure AND blistering away from scribe. 

Table 19. ASTM D 1654 scribe creepback ratings for Al 7075 coated with 85582nc/85285. 

Pcnel# 
7-011 Aiodnel200S   ^^HHIH|||||||||^^ 
7-114 ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^H 
7-211 Alodne52nn   ^^^^B^^B^^^l^^^H^^^^^^^^^^^^^H 
7-311 Scnchenn7000  H^     7     |     7     \      7      \      6      ^^^^^^^^^^^J 
7-413 PreKole    |     7     |     6     HMM^^B^^^B^^^^^^^^^^^^BB 
7-511 OxsllcnAI-0500 MHMMHH^^^^^^^^^^^^^^^^^^^^^^H 
7-611 Chenidze 727ND ^M|P™'"^H^^^^^^^^^^^^^^^^^^^^^| 
7-711 Bi-KAkllmate   HHH7_^^^^^^^^^^^^^^^^^^^^^^^H 

7-81 lA 
Boegel        ^^^^^^^^g^ig^j^^^^^^^^^^^^^^^^^^^^^^^^^^ 

Notes: Solid colors depict normal scribe aeepback from corrosion. 
Vertical aosshatching denotes adhesion failure. 

Table 20. ASTM D 1654 scribe creepback ratings for Al 7075 coated with 53030/53039. 

Pcnel# Pretreotnnent     11 Weel<l2 Weeksl3 Weeksl   1000 hr  1 1500 hr  1 2000 hr  1 2500 hr 3000 hr 
7-016 Alodne 200S     ^^^^^^^^mammmmmmmm 7 7 
7-116 TCPIO          ■^^■^^■^^^i^H 7 7 
7-219 Alodne 5200     |     7    |     7     |     7     |       7       | ^^^T 7       1 7 7 
7-317 ScixhemTOOO   M^HHHMHMMHM ■ ■ 7-417 I^^^^^^^^^^^^H 
7-516 Q(Silcr/\i-0500   H^^^^^^^^^^^^^^^l 
7-616 CheiTidze727ND MM^^^^^^^^^^^H 

7-720 Akiimafe    ^^^^^^B^V^^HH 
7-816A Boeael        ^^M    7    I    6    HRnmHR 

Note: Solid colors depict normal scribe creepback from corrosion. 

10 



Table 21. ASTM D 1654 scribe creepback ratings for Al 7075 coated with 53022/53039. 

Pcne!# Pretreatment 
7-021 Alodnel200S 
7-121 TCPIO 
7-222 Aloclne5200 
7-322 Sanchem7000 
7-423 X-IT PreKcft-e 
7-521 QxsilcnAI-0500 
7-624 Chemdze727ND 
7-724 Bi-K Akiimole 

7-821A Boegei 

■■^!5!i mjs^s wjEsm mggina ■EHiBM KIMIIM ^msm ■aiiHiai 

Note: Solid colors depict normal scribe creepback from corrosion. 

Solid colors depict normal scribe creepback 
from corrosion 

Vertical crosshatching denotes adhesion failure 

-Examples 

Diagonal crosshatching denotes blistering away 
from immediate scribe regions 

^^ I 1 ^^ v'A/yy^yyA X//////A. -Examples 

Fine textured crosshatching denotes adhesion 
failure AND blistering away from scribe 

-Examples 

Figure 3. Color code shading patterned for detailed descriptions. 

3.1    AI2024 

For Al 2024, the top performing pretreatments were clearly visible. For this particular alloy, it was 
the Cr^* free coating systems that most aided in revealing the better performers. With the exception 
of the Sanchem process, all of the pretreatments for the hexavalent chromium bearing 23377/85285 
coating system performed well and completed 3000 hr with the highest ratings among the coating 

systems (Table 2). 

The 85582c 1/85285 coating system also contains hexavalent chromium; overall it performed similar 
when compared vs. the 23377/85285 system for the same pretreatments. As with 23377/85285, 
Sanchem showed degradation, though not as severe. In addition to problems on Sanchem-treated 
panels, the Bi-K pretreatment had blistering away from the scribed areas past 2500 hr (Table 3). 
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The remaining three Cr^ free coating systems: 85582nc/85285,53030/53039, and 53022/53039 
provided a much greater challenge for the pretreatments. At the conclusion of 3000 hr, all of the 
pretreatments including hexavalent Alodine 1200S showed significant corrosion damage. Many of 
the pretreatments were unable to sustain acceptable performance levels and were terminated prior to 
the end of 3000 hr. The most consistent performance among the three chromate-free coating systems 
was provided by the Boegel, Alodine 5200, NAVAIR TCP, and Alodine 1200S pretreatments 
(Tables 4-6, Figure 4). Li the specific case of the 53022/53039 CARC system, Boegel and Alodine 
5200 pretreatments even exceeded the performance for Alodine 1200S (Figure 5). The Brent 
Oxsilan pretreatment rendered respectable performance at or near the leaders for the 85582nc/85285 
system but performed poorly on the U.S. Army's 53030/53039 and 53022/53039 CARC-based 
coating systems. 

3.2 A12219 

Of all of the Al alloys examined in this study, Al 2219 with its high copper (Cu) content is by far the 
most corrosion prone and provides a difficult situation for even hexavalent-based Alodine 1200S. 
For the chromate-based 23377/85285 coating system (although all pretreatments lasted the fiiU 3000- 
hr duration) significant corrosion damage occurred on most of the pretreatments. 

The best performers for this coating system were Alodines 1200S and 5200, the Brent Oxsilan 
pretreatment, and Bi-K. It should be noted that NAVAIR TCP had mixed results; two panel 
rephcates rated "4" and "5" with the remaining three panels all rated at "9." For the chromate 
containing 85582cl/85285 system, the best performers were Alodines 1200S and 5200, NAVAIR 
TCP, X-IT PreKote, and Brent Oxsilan. The remaining pretreatments performed in the intermediate 
range with ratings ranging from 4 to 7. 

For the three chromate-free coating systems: 85582nc/85285, 53030/53039, and 53022/53039, there 
was significant corrosion damage with many of the pretreatments unable to endure 3000 hr without 
failure. The most consistent performers for these systems were NAVAIR TCP, and Alodiaes 1200S 
and 5200. The Brent Oxsilan and Boegel pretreatments produced somewhat modest ratings vs. the 
leaders for the 85582nc/85285 coating system but performed much more poorly on the CARC-based 
systems (Tables 7-11, Figures 6 and 7). 

3.3 A15083 

Al 5083, well known for its stable protective oxide layer, does not usually significantly corrode, even 
under uncoated accelerated conditions. Due to its widespread use in groimd systems, accelerated 
corrosion methods such as ASTM B 117 are still necessary for this alloy to detect potential adhesion 
and quality control issues. In contrast to a previous cyclic accelerated corrosion exposure studies 
under General Motors (GM) 9540P [1,10,11], surprisingly significant amounts of creepback 
corrosion via blistering were measured on the chromate-free coating systems. As with other alloys, 
the 23377/85285 coating system proved superior, and there was no significant creepback resulting 
from corrosion or coating system delamination (Table 12). For 85582cl/85285, blistering away 
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(a) Alodine 1200S (b)TCP 

(\ 

(c) Alodine 5200 (d) Oxsilan AL-0500 

Figure 4. Al 2024 with 85582nc/85285 at 3000-hr ASTM B 117. 
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(a) Alodine 1200S (b) TCP 

(c) Alodine 5200 " (d)Boegel 

Figure 5. Al 2024 with 53030/53022 at 3000-hr ASTM B 117. 
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(c) Alodine 5200 (d) Boegel 

Figure 6. Al 2219 with 85582nc/85285 at 3000-hr ASTM B 117. 
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(a) Alodine 1200S (b)TCP 

(c) Aiodine 5200 

Figure 7. Al 2219 with 53030/53039 at 3000-hr ASTM B 117. 

(d) Boegel 
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from the scribe appeared at 1000 hr for Sanchem 7000. The Chemidize and Bi-K pretreatments also 
showed blistering away from the scribe appearing at 1500 and 2000 hr, respectively. Corrosion was 
most severe for the Brent Oxsilan pretreatment which rated a "7" beginning at 2500 hr. Although 
Table 13 shows ahnost all pretreatments rating "8" or "9" at 3000 hr, the best performers were 
NAVAIR TCP, Alodines 1200S and 5200, and Boegel, which achieved these ratings free of any 
other defects such as coating delamination. 

For the nonchromate-based formulations, the extent of corrosion measured on some of the 
prefreatments was surprisingly high for Al 5083 (Tables 14-16, Figures 8 and 9). However, this 
unexpected corrosion was useful in differentiating the effectiveness of the various pretreatments. For 
the 85582nc/85285 and 53022/53039 systems, the superiority of Alodines 1200S and 5200 and 
NAVAIR TCP pretreatments was obvious. For the 53030/53039 system, the ratings were 
significantly lower; however, Alodines 1200S and 5200 and NAVAIR TCP still performed better 

than the other pretreatments. 

3.4   A17075 

For the coating system 23377/85285 as in the other alloys, most all of the pretreatments 
performed well with little or no damage to the scribed region. All of the pretreatments rated "9" 
at the conclusion of 3000 hr (Table 17). One item of note was a slight lifting or delamination 
along the length of the entire scribe of the NAVAIR TCP. This delamination, first measured at 
week 1, was very slight and never progressed or ever degraded the rating below a "9." 

For the 85582cl/85285 system, the top performers with little or no damage were Alodines 1200S 
and 5200, TCP, X-IT PreKote, and Boegel (Table 18). As with the 23377/85285 system, 
NAVAIR TCP displayed the same minor delamination issue. The other pretreatments for this 
system were disqualified either by lower ratings due to corrosion, delamination, or both. Brent 
Oxsilan Al-0500 pretreatment catastrophically failed prior to 2 weeks across the majority of its 
five panels. The massive delamination of this particular pretreatment was unique across the 
entire test matrix (Figures 10 and 11). 

For the chromate-free systems, the most consistent performers were Alodines 1200S and 5200, 
and NAVAIR TCP (Tables 20 and 21). Unlike the chromate-containing coating systems, 
NAVAIR TCP pretreatment showed none of the minor coating delamination issues (Figures 12 
and 13). Two notable but inconsistent performers were Oxsilan Al-0500 and Boegel, which 
performed extremely well on 85582nc/85285 yet performed poorly on the CARC systems. 
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Figure 8. Al 5083 with 53030/53039 at 3000-hr ASTM B 117. 
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Figure 9. Al 5083 with 53022/53039 at 3000-hr ASTM B 117. 
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Figure 10. Severe delamination of Brent Oxsilan Al-0500 pretreated Al 7075 with 
85582cl/85285 at 1 week ASTM B 117 exposure. 

Figure 11. Severe delamination of Brent Oxsilan Al-0500 pretreated Al 7075 
panels with 85582cl/85285 at 2 weeks ASTM B 117 exposure. 
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(a) Alodine 1200S (b)TCP 

(c) Alodine 5200 (d) Oxsilan AL-0500 

Figure 12. Al 7075 with 85582nc/85285 at 3000-hr ASTM B 117. 
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Figure 13. Al 7075 with 53022/53039 at 3000-hr ASTM B 117. 
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4.   Discussion 

The purpose of this study was to provide ASTM B 117 accelerated corrosion performance data 
for alternatives to Cr^^ -based Alodine 1200S. It should be stressed that good performance in 
accelerated corrosion testing alone does not guarantee a good conversion coating. Other 
conditions such as corrosion performance under thermal and humidity cycling, coating system 
adhesion, visible color changes to the substrate surface (for quality control) upon pretreatment 
application, toxicity issues other than Cr"^^, as well as the logistics and costs of process- 
application steps, all play significant roles in determination of a viable pretreatment alternative, 
hi order to obtain the most information possible, this overall ESTCP/JG-PP effort included 
additional laboratory procedures such as GM 9540P, SO2 salt fog, and adhesion methods, all 
conducted on the same alloy/pretreatment/coating combinations investigated in this portion of 
the study. Variations in application procedures such as surface preparations, bath conditions for 
dip processes, and spray applications were also included. These additional results may be 
accessed in other ESTCP reports. Information on these documents is available via 
ESTCP/JG-PP contacts <http://www.estcp.org/>. Ultimately, data from this study as well as 
data from all of the other evaluations will be offered to help end users identify potential 
alternatives to chromate conversion coatings currently in use by original equipment 
manufacturers (OEMs) and depots. 

It is likely that more than one pretreatment may be a reasonable replacement for Alodine 1200S. 
As seen from data in this study as well as previous studies [1,11], pretreatments that often work 
well on one aluminum alloy, may not always work well for another. However, this does not 
necessarily mean that a unique prefreatment is needed for every unique situation. For simplicity 
as well as economies of scale, the best possible benefit for replacing Alodine 1200S would be 
gained by minimizing the number of finalists to as few as possible. A pretreatment that has well- 
rounded performance across many aluminum alloys would be the most desirable. In this 
particular study, two prefreatments (Alodine 5200 and NAVAIR TCP) were the best all-around 
non-Cr*^ performers in ASTM B 117 salt fog exposure. Although NAVAIR TCP pretreatment is 
Cr"*^^ based, toxicity studies on trivalent chromium exposure indicate no carcinogenic or other 
hazards similar to those found in Cr^^ pretreatments such as Alodine 1200S [12, 13]. 
Nevertheless, environmental regulatory bodies such as those found in CaUfomia and the 
European Union have implemented or indicated future stricter guidelines concerning the use of 
chromium-containing prefreatments. 

A previous study [1] of cyclic corrosion resistance under GM 9540P indicated a slight 
performance advantage for TCP over Alodine 5200. However, if trivalent chromium-based 
pretreatments such as TCP are not acceptable or allowed for implementation due to their total 
chromium content, Alodine 5200 should perform quite satisfactorily. Additional laboratory and 
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automotive proving ground [14] studies involving Alodine 5200 have also shown good 
performance on a variety of Al alloys using 53022/53039-based CARC systems [11,15-17]. 

Many currently fielded weapon systems in use by the services continue to use hexavalent 
chromate-containing coating systems such as 23377/85285 and 85582cl/85285. This additional 
Cr^^ enables many prospective Cr^ free pretreatments to "coast" though with their actual overall 
contribution to the total system obscured. Thus, in order to truly determine the degree of 
enhanced corrosion resistance gained from a hexavalent chromium-free pretreatment, a 
hexavalent chromium-free organic coating system must also be used when performing 
corrosiontest procedures. Current and fixture acquisition systems such as the Advanced 
Amphibious Assault Vehicle and the Brigade Combat Team Stryker are already mandating Cr*^ 
free organic coating systems. This frend is likely to continue and potentially may even be 
applied to some fielded DOD vehicles and weapons systems during overhauls. In order to 
clearly delineate the best possible Cr^^ free prefreatment(s), additional experimental results from 
a wide range of methods, in addition to field tests on actual systems from NAVAIR and other 
participating DOD activities will be critical. 

5.   Conclusions 

Prefreatment performance varies among varying alloys. 

DOD coating systems formulated with Cr"^^ additives provided significantly enhanced 
.+6 corrosion resistance versus coatings without Cf 

Alodine 5200 and NAVAIR TCP Cr""^ performed best overall in ASTM B 117 salt fog 
among non-Cr*^ based prefreatments with performance at or near Cr*^ based Alodine 
1200S across all alloys and coating systems examined. 

Commercially available Alodine 5200, in conjunction with the chromium-free organic 
coatings tested in this study, provides a completely chrome-free coating system with good 
corrosion resistance. 
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Appendix. Complete 3000-hr ASTM B 117 Neutral Salt Fog ASTM D 1654 
Creepback Ratings 
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