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Alkaline Cold Water Cold Water Copper Flash
Cleaning Rinse Rinse 5 min.
tumbler 5 min 2 min. 2 min. in solution
25% NaOH
105 °F
Drying Transfer Zinc Deposition by Addition of
belt oven To Conveyor Tumbing Zinc Dust
Belt ;

magnetic 25min. 70 F
separation

Mechanical Galvanizing Processing Steps
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Alkaline Cold Water Cold Water Flux Solution
Cleaning Rinse Rinse 2 min.
16 min. 2 min. 2 min. ZnCl + NH4CI
25% KOH in solution
175°F 172°F
Feare
Centrifuge Transfer Drying
5 sec. basket 16 min.
remove forced Hot Air
excess zinc 105°F
) SO

A

e
Transfer W Water Cool Drying
30 sec. air blow

s, =,

Hot Dip Galvanizing Processing Steps
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: DACROMET Wides 3 _olod

S
Transfer Alkaline Mechanical DACROMET® ) Spin )
basket Cleaning Blast 2x11s - 350 rpm
100 Ibs 7 min. pH46-48 [P remove excess
3-5% Betz Visc. 55-60 s emulsion
Clean 132 #2 Zahn cup
N =
N
Transfer Air Cool Cure Transfer
basket room pre-cure at 300 °F for 25 conveyor belt
100 lbs temperature minutes followed by cure at
610 °F for 15 minutes
PAE Y,
Spin Transfer 2™ Cure
2x11s — 350 rpm conveyor belt Pre-cure at 300 °F for 25
remove excess minutes followed by cure at
emulsion 610 °F for 15 minutes
A
Spin Transfer Air Cool
2x11s = 350 rpm basket room
remove excess 100 Ibs temperature
emulsion
Transfer Sealer Cure Air Cool
conveyor belt pre-cure at 200 °F for 20 room
minutes followed by cure temperature

at 350 °F for 10 minutes

DACROMET® Processing Steps. Note - DACROMET® applied by dip-spin
requires two coats of basecoat
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> Make up a new tank:
ZnO + CrOs ZnCrOa4
» Forming coating:
CrO3 Cr,0, nCr,0,. mCrO,
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The Dip Spin System (Basket System)- 1
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Cleaning

1st stage

2nd stage

Supplying
hopper

e

A

1st Coater

P

[

2nd Coater

Steam cﬁaning
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Degreasing tank Scale take off
==
Preheat zone ,Cure zone \
x4 - - / #
@ || i ] | @
1st Oven Cooling Zone
B\ I A
Preheat zone Cure zone [ \
© I I | @
2nd Oven Cooling Zone
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The Dip Drain System (Hanger System)- 2
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Take off

" i exceisive
Take on drip
Dry and cool Dipping tank J
|
1
, e e ;
Takeoft () Coolmg#lone | 0 r O__,_ . | PR O
i !,______,_QweZon@__,,!* P — Mpetestzone
J__"‘ — T:'- ! l - swomss e —————— —":]__

* This illustration shows alkali cleaning
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Spraying method- 3
5338 (oroslizal Sl e b 5 g b LT palb a7 Slalad b 5 68, 5 sl Slakid 51 g

P
Load on parts # O O 7 N \:\ﬂ <
to be coated l , / .'l‘\ ERA ‘L
L @] 7 2 3,
Degreasing sump Shot blasting Spray coating

Air cooling Q_—O\

Curing zone

L

Preheating zone
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Figure 10: Scribe Grid Test

: (Lubricity) gubgs Jl9y IV

. 5L o (Rotational Capacity test) sls <l =
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Table 11: Summary Salt Spray Exposure Results

DACROMET® P Mechanical Galvanized Hot Dip Galvanized
Avg Bolt Nut Washer | Bolt Nut  Washer | Bolt Nut  Washer
1000hrs O 0 0 845 21 255 | 85 10 24.5
5000hrs 5.9 0.05 2842 | 100 99 100 71 100 100

Note: values represent percentage of red rust. All HDG bolts exhibited 75-90% red rust with 50% of
the red rust obscured by white corrosion product.

Figure 12: SLss (DACROME

Figure 13: SLs4 (HDG + 5000 hrs per ASTM B117)

Figure 14: SL4 (MG + 5000 hrs per ASTM B117)

®+ 5000 hrs per ASTM B117)




Sahand Poulad

14 | oYlail cano 30 gl S pwig) b b Olog 3510 i g9 Ao g Gk ¢ (owv g 99

: CYCLIC EXPOSURE cui 30 (58595 4 Cwoglin du lio
Cﬂaww&'x?)‘ﬁ Gl Sl s o 2400 i 5L80 WL Slakes GMO540P 5 luslend b
H AT a8 ma K80 it wis gy o1 DACROMET a8 slakss . i 555 octaline 3 5 555 Oliags
310kl (Sl dtl g ol b Sl 5 Sl 55 &8 4, Sker 33 K 1200 51 i 5 sl o5
L5l e 3557, GM9540P

Table 12: Summary Salt Spray Exposure Results

Load (Turn-of-Nut Tightened)
Corrosion after n Cycles
40 80 120
<1% <1% 3%
0% 0% <1%
DACROMET® P 0% <1% <1%
<1% <1% <1%
<1% <1% <1%
Control (Bare) 95% 100% 100%

No Load (Hand Tightened)
Corrosion after n Cycles
40 80 120
<1% <1% <1%
<1% 1% 5%
DACROMET® P 0% 0% 0%
0% 0% 0%
<1% <1% <1%
Control (Bare) 90% 100% 100%

Values indicate % red rust

Table 13: Summary Salt Spray Exposure Results

Load (Turn-of-Nut Tightened)

Bolt Nut W1 W2 Fixture Assmbly

Avg DACROMET® P
Weight Change (g) 0.06 0.01 0.02  0.02 0.22 0.32

Bare Weight Change (g) (10.41) (8.73) (2.86) (2.32) 1.00 (23.32)

No Load (Hand Tightened)
Bolt Nut W1 W2 Fixture Assmbly

Avg DACROMET® P
Weight Change (g) 0.09 0.05 0.04 0.02 1.00 1.19

Bare Weight Change (g) (7.18)  (7.49) 0.64  (0.45)  0.70 (13.78)

Corrosion coupons: 80 cycle mass loss: 8,175 mg
120 Cycle Mass Loss: 10,645 mg
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Figure 17: Figure 18:
LE,,. (Bare + 120 cycles) LEs,. (Bare + Turn-of-Nut + 120 cycles)

gﬁre 20: LE,,, (DACROMET® + Turn-of-Nut + 120 cycles)
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SAST OB e, B a0 sy el 355 o AL e si 108 O gy 535 56 5,5 513 Sy o,
e 355 05500 Sl Bl pl AST ey 5581 56 b (655 05 55n Ol jae LT 5 1S slewsl 5 5Li8 b 5o
. 335 _» «iS Cathodic Hydrojen Absorption (CHA) "b-Mhol 4 535 o S5sds 55,5 4
:HYDROGEN EMBRITTLEMENT TEST (PORDUCTION TESTING ) cwi .l
SalS Wl 4 5 15 g el Sl slgrad o pme 53 a8 Slabd SIS Lol LT &S ol 0T s ol 31 o
6800 s ol Ly elx! Slow Strain rate (SSR) =..s ASTM F1624 s lukul Gk . o b Sl a8l
22-24 55 L (Cyclic exposure) cul a5 15 ¢ uul Sl s S 50120 Cos 45T oy 57 5L 0
Fadipde by ad 6l o FS ds s w558 000575000 1bf/hour o5t cel

cdil e e (635 s

o%FES= _FS v 100
FS

Fs : Percent Fracture Strength
Fs: SSR Fracture Load of coated bolt following cycles of expanses
FFS : Last Fracture Load of coated of Bare unexposed bolt

cdizted JT oo a8 5L (0 9790 598% ot Cony STls Solalsd ool 487 sl 8590 1 YL L lows e
b ey SIS 5 esin T 508 Joled @S S5aoier Sl 5 e S5 55der 635 Bl

Ao ol s oS T 1 3505 (SGSe 031 JE 50 8 0 31 JE S 5 53 45,186 (55, 5 a8 (S5l
S S Cny SIs 4wy 55 Slakd (Cathodic hydrogen absorption) CHA (k1S 5,4 odo
Ll (S 0 A 50 8 ol JE



Sahand Poulad

17 | oYlail cano 30 gty S pwigd gl b Olog 3510 i g9 Ao g Gk ¢ (ow g 39

: HYDROGEN EMBRITTLEMENT TEST (Process qualification) cws .11
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DBl gr a1 0955 035 el Sy 12 S 5 e Sl edaT ey e 1

NFs% = NEsS(W) F 1940 x100
NFs (B) 1940

NFs% = Percent Notch Fracture Strength

NFS (W) 1940= Notch Fracture Load of coated SQB Witness Specimen

NFS (B) 1940= Notch Fracture Load of bare SQB Specimen

sde 393% ey Sy rb g sde . asb »85% 1 sNLASTM 1940 ikl Gb 5 d slas

3,1l (gl axal g Ol e ot 4 p 8 0 2y 433 8 e odalin 1L sl (0 43%0 5 S 6 JE
. s i et 1, ASTM F1940

100%- accepted

90%0-

80%- %93 unaccepted

70%-
60%-
50%-
40%+"
30%-
20%-
10%-

0%-

OHD G
O DOC

%43

HD G DOC
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10.
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18.

19.

Pl 9 @b

Brahimi , s Qualification of DACROMET for use with ASTM A490 high Strength Structural bolts.

IFI-144 Test Evaluation Procedures for Coating Qualification Intended for Use on High-Strength
Structural Bolts.

ASTM A 153 Zinc Coating (Hoot-Dip) on Iron and Steel Hardware .

ASTM A325 Standard Specification for Structural Bolts , Steel , Heat Treated , 120/105 ksi
Minimum Tensile Strength

ASTM A490 Standard Specification for Structural Bolts , Alloy Steel , Heat Treated , 150 ksi
Minimum Tensile Strength

ASTM A 751 Test Methods , Practices , and Terminology for Chemical Analysis of Steel Products
ASTM B117 Standard Practice for Operating Salt Spray (Fog ) Apparatus .

ASTM B571 Standard Practice for Qualitative Adhesion Testing of Metallic Coatings .

ASTM B695 Coatings of Zinc Mechanically Deposited on Iron and Steel

ASTM D1186 Standard Test Methods for Nondestructive Measurement of Dry Film Thickness of
Nonmagnetic Coatings Applied to a Ferrous Base

ASTM D1654 Standard Test Method for Evaluation of Painted or Coasted Specimens Subjected to
Corrosive Environments

ASTM D3359 Standard Test Methods for Measuring Adhesion by Tape Test
ASTM E3 Practice of Metallographic Specimens

ASTM EB8 Test Methods for Tension Testing of Metallic Materials.

ASTM E92 Standard Test Method for Vickers Hardness of Materials

ASTM F606 Test Methods for Determining the Mechanical Properties of Externally and Internally
Threaded Fasteners , Washers , and Rivets

ASTM F1624 Chromium /Zinc Corrosion Protective Coatings for Fasteners

ASTM F1624 Standard Test Method for Measurement of Hydrogen Embrittlement in Steel by the
incremental Loading Technique .

ASTM F1940 Standard Test Method for Process Control Verification to Prevent Hydrogen
Embrittlement in Plated Coa




