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A study of hydrolysis reaction of the ethyl silicate binder

for inorganic zinc shop primer

Hae —kyoung Kwon

Department of Industrial Chemistry, Graduate school

Pukyong National University

Abstract

Inorganic zinc silicate shop primer is one of wildly used shop—primers
in new building shipyards, steel construction companies and other steel
related companies for temporary protection of the steel among various
kinds of shop primers.

Inorganic zinc silicate has provided excellent anti—corrosive property
during the period of construction and application property in automatic
application line, it is as one of modern shop primers which have been
termed 3™ generation primers, offers the potential for arc welding on the
coated plate without the need to remove the primer prior to welding.

The risk of forming porosity from released gas in welding will be
influenced by several factors such as primer composition, primer

thickness, welding process, welding procedure, welding position and etc.



This study has investigated the diverse ways of formulations to
improve the welding properties of inorganic zinc shop primer with the
best hydrolysis degree of ethyl silicate binder and solvent composition
for hydrolysis reaction, proper quantity of zinc duct in formulation and
effects of different kinds of extend pigments and additives.

This study also has established the test method, the procedure and the

evaluation of welding properties.

Keywords : Ethyl silicate, hydrolysis, zinc primer, welding.
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Table 1 List of main suppliers of ethyl silicate

Trade name Producer Country
Silikat TES 40 WN Wacker Chemi Germany

Silbond 40 Silbond Corp. USA

Dynasil 40 Degussa—Hull Germany
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H" or Lewis acid

= S1-0CyHs + HLO ——» = Si - OH + C,H;0H (12)
Machanism:
= Si—-0OH + HO — Si ' = Si-0-Si = +H,0 (13)

o] 2 (13)oA A AAE 27} 323}
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Table 2 Kind of catalysts for hydrolysis

No Common names General formula
1 Hydrochloric acid HCI

2 Sulfuric acid H,SO,

3 Acetic acid CH3;COOH

4 Nitric acid HNO;

5 Formic acid HCOOH

6 Hydroflouric acid HF

7 Ammonium Oxalate monohydrate (COONH,) »

11
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Table 3 Kind of solvents for hydrolysis

Evaporation Solubility in
No Type Sp. Gr.
rate water
1 Isopropyl Alcohol 2.3 0.79 Unlimited

Propylene glycol
2 pylene g 0.7 0.92 Unlimited
monomethyl ether

Ethylene glycol ..
3 0.08 0.903 Unlimited
monobutyl ether

4 Ethyl Alcohol 3.3 0.8 Unlimited
5 Toluene 2.0 0.869 0.05g/100ml
1 Evaporation rate : ASTM D 1901, butyl acetate = 1
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Al;0525105-H,0
Si0,
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Table 4 Kind of extend pigments

General term
Magnesium
silicate
Aluminum
silicate
Silicium
dioxide

ATolA AR A <t 54

Talc
Kaolin
Silica
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Table 5 National standards for welding test

Code Title
Comparison of prefabrication primers by porosity
BS 6084 . .
rating in arc welding
Lloyds Approval prefabrication primers and corrosion
register control coatings
Testing the tendency for porosity when welding
DVS 0501 )
over shop primer on steel
MIL-STD- Welding and brazing procedure and performance
248C qualification

Bureau veritas

Rules and regulations for the classification of steel

ships
Det Norske e .
) Rules for classification, steel ships
veritas
Overweldability of workshop primers in steel
DAST 006 ]
constructions
NF J177—- Shipbuilding—shop primers— influence on the
115 welding and oxyacetylene cutting of plates”
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2.9.2 $734 NEE AA A%

AERe

=

NVE—-36
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YA T, FHY 3%
F44 NBe St

SAEA]

% 24
SR Zwe AgSEn, SEAme

50x300x 15(mm) & FH|FT. A,

5 HYAER Sa 25 AL mwuAg s}
AHHLE 7149 HA3E Yol H2AgE
AzxgS

Table 6 Conditions of welding test

Items

Detailed

Welding type

Horizontal fillet welding

Welding method

COy arc welding

Gas flow 20Liter / min
Electric current 340 — 360A
Electric voltage 35V

Heat input 14.7 KJ

Welding speed

50mm/min ( Carrier welding)

Throat thickness

4.0 — 4.5 mm

Angle of welding

45

Welding wire

KX—=200H(FCAW) 1.2 mm manufactured by

KISWEL

17
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2.9.4 MEK WAAIE

MEK WAIA38 < inorganic zinc shop primer? A3ASs HA7/1E 93
Ao s AZE AlPAS AT 25 U FEzCAM, A B At

Table 7 Scale for resistance rating

Resistance ..
Fating Description
. No effect on surface; no zinc on cloth after 50 double
rubs

4 Burnished appearance in rubbed area; slight amount
of zinc on cloth after 50 double rubs

3 Some marring and apparent depression of the film

after 50 double rubs
5 Heavy marring: obvious depression in the film after
50 double rubs

] Heavy depression in he film but no actual penetration
to the substrate after 50 double rubs

0 Penetration to the substrate in 50 double rubs or less

19




3. 4

oot
ol
rE

3.1 AR Holo] e AY

Table 82 ethyl silicate binder® A5 Ao 23t shop primer)
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Table 8 Formulations by different degree of hydrolysis

No Degree of Quantity Quantity of | Quantity of | Quantity of
hydrolysis of solvent binder water acid

1 80 % 354 216 24.34 716

2 85 % 354 216 25.86 761

3 90 % 354 215 27.38 .805

4 95 % 354 216 28.90 .850

5 99 % 354 216 30.11 .886

1 Unit : Weight part
1 Used catalyst : Hydrochloric acid
1 Used solvent for hydrolysis : Propylene glycol monomethyl ether

20
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Table 9 Formulations by different catalysts

No Used catalyst Used catalyst

1 HCI Hydrochloric acid
2 H,SO, Sulfuric acid

3 CH3;COOH Acetic acid

4 HNOs; Nitric acid

5 HCOOH Formic acid

6 HF Hydrofluoric acid
7 (COONH,) » Ammonium oxalate

1 Used solvent for hydrolysis : Propylene glycol monomethyl
ether

1 Degree of hydrolysis reaction : 95%

21
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Table 10& ethyl silicate binder®] 7}rEEs] A9 A}LEE= Zu)

at7) flsted AAETh 2 AIgel

Ttk A e GETFS FALS
Ar2¥ Zu]E ethyl silicate binderd] 7FpEs] 22 da] AFEE T 9=
A S MAGE I, AFuEe A= A3 leREdE vg W guE

Table 10 Formulation by different consistency of acid

Degree . . . .
N ¢ Quantity Quantity Quantity Quantity
0 0
] of solvent | of binder of water of acid
hydrolysis
1 95 % 354 216 28.90 .850
2 95 % 354 216 28.05 1.700

1  Unit : Weight part
Used solvent for hydrolysis : Propylene glycol monomethyl

ether
1 Used catalyst : Hydrochloric acid

22
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Table 112 ethyl silicate binder?] 7}Fi3] A9 AlgEHE £wjo £H7}
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Table 11 Formulation by different kind of solvents

Degree of )
No ) Used solvent for hydrolysis
hydrolysis
1 95 % Isopropyl Alcohol
2 95 % Propylene glycol monomethyl ether
3 95 % Ethylene glycol monobutyl ether
4 95 % Ethyl Alcohol
5 95 % Toluene

1 Used catalyst : Hydrochloric acid

23
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ARl VA 9FE 2ASY] fstel ANsAT. B AGS

JheRE] we Al fuskers Zola, A A O ethyl silicate binder$}f

WS ANAIAIQ B3 Fulo] FEE 9l 2N WS
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Table 12 Formulation of different procedure of hydrolysis

Quantity Quantity | Quantity | Quantity | Quantity of solvent
of solvent of binder | of water | of acid after reaction
210 216 28.90 .850 144
1  Unit : Weight part
1 Used catalyst : Hydrochloric acid
1 Used degree of hydrolysis reaction : 95%
1 Used solvent for Thydrolysis : Propylene glycol

monomethyl ether
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Table 13 Formulation at high temperature of hydrolysis
Degree . . . .
N ¢ Quantity Quantity Quantity Quantity
0 0
) of solvent | of binder of water of acid
hydrolysis
1 95 % 354 216 28.90 .850

Unit : Weight part
Used catalyst : Hydrochloric acid
Used degree of hydrolysis reaction : 95%

I B S =

Used solvent for hydrolysis : Propylene glycol monomethyl ether
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Table 14 Table by different kind of extend pigments

General term Chemical composition
3Mg0-4Si05-H50

Talc Magnesium silicate
Kaolin Aluminum silicate Al;052510,-H20
Silicium dioxide Si0,

Silica
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Table 15 Results of gel time by different degree of hydrolysis

Gel time After 1 day After 10 days | After 30 days
80 % 153 sec 142 sec 126 sec
85 % 128 sec 111 sec 106 sec
90 % 91 sec 73 sec 64 sec
95 % 90 sec 69 sec 60 sec
99 % 65 sec 68 sec 46 sec
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Fig. 1 Results of gel time measurement by different degree

of hydrolysis
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Table 16 Results of MEK resistance by different degree of hydrolysis

MEK
. 80% 85% 90% 95% 99%
resistance
After 1 day 0 1 1 3 4
After 2 days 1 2 3 4 5

1 Curing condition of test panels : 20C X 65% RH
1 Test DFT : 15 microns

5
k>
S 4
n
S
2 3
9
é 5
X
w 1
=

0

After 1 day After 2 days
|——80% —®-85%  90% < 95% —%—99%

Fig. 2 Results of MEK resistance by different degree of hydrolysis
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Fig. 3 FT-IR Spectrum by different degree of hydrolysis
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Fig. 4 GPC Chromatogram by different degree of hydrolysis
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Table 17 Results of molecular weight by GPC chromatogram
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Table 18 Results of gel time by different catalyst
Gel time After 1 D After 10 D After 30 D
1 % — HCI 90 sec 69 sec 60 sec
1 % — H,SO, 70 sec 55 sec 49 sec
1 % — CH;COOH 600 sec? 62 sec 43 sec
1 % — HNO; 600 sec? 56 sec 33 sec
1 % — HCOOH 600 sec? 600 sec? 49 sec
1 % — HF 600 sec? 600 sec? 34 sec
1 % —(COONH,) 5 600 sec? 600 sec? 600 sec?
600¢
500
8 400
j%; 300
& 200
0 After 1 day After 10 days After 30 days

|I:|HCI B H2S04 OCH3COOH OHNO3 MHCOOH @HF M (COONH4)2 |

Fig. 5 Gel time by different catalyst

33

P
T



4.2.2 A7z & 23

Ul
ﬂl

—_—

0
o

T2

2}

= H
—

AHgE ) Aol

s

FT-IR &4l 9

6

Fig.

Adedelel 1000~1200cm telA A

€]

ot}
3400cm '3 A7}t

SN

ol
BN

J)J

ol

o
olo
Gt

)

;i

0

ks

1

=

A

orolt}.

A2 Th. Ammonium oxalate®] 7%

P
T

2
1

=

o
W o] FT-IR S lME qkgo] dojuA]

3

ke
=

o1}
£ 43
o) Az iy

o)
=

B
FXS

0

¢+

AA LSS

silicate binder?]

ethyl

K=

6&:

o 9

=
_ztl

34

24 9

=

ammonium oxalate®} o]



HCI

%T
(COONH,),
-_’ph."“"

A000.0 SO0 2000 1500 Lo 40000

cm !

Fig. 6 FT-IR spectrum by different catalysts
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Table 19 Results of gel time by different kind of solvents

After 10 After 30
No Type After 1 day
days days
A Isopropyl Alcohol 159 sec 138 sec 106 sec
P | | |
B ropyiene glyco 90 sec 69 sec 60 sec
monomethyl ether
Ethyl | |
C yiene 8yeo 30 sec 24 sec 10 sec
monobutyl ether
D Ethyl Alcohol 76 sec 55 sec 58 sec
E Toluene 600 sec? 600 sec 600 sec?
600
o 500
o)
g 400
)
£ 300
S 200
Q)
100F
After 1day After 10 days  After 30 days

OIPA BPGME OEGME OEA BTOL

Fig. 7 Gel time measurement by different kind of solvents
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Fig. 8 FT-IR Spectrum by different hydrolysis solvents
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Table 20 Results of gel time by different hydrolysis methods

Gel time After 1 day After 10 days | After 30 days

1 % HCI 90 sec 69 sec 60 sec

2% —HCI 85 sec 74 sec 64 sec

Heating 72 sec 81 sec 57 sec
Procedure 65 sec 68 sec 52 sec

100

Gel time, t/sec .

After 1 day

After 10 days After 30 days

O01%-HC| B2%-HCI OHeating OProcedure

Fig. 9 Gel time by different hydrolysis methods
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Table 21 Welding test by different hydrolysis degree

Degree After 1 day After 2 days After 4 days
80% 53.16 % 40.75 % 35.34 %
85% 53.08 % 33.88 % 23.89 %
90% 38.82 % 22.02 % 15.51 %
95% 32.44 % 21.64 % 15.50 %
99% 26.14 % 16.95 % 3.98 %

1 Curing at : 20C X 65% RH, Test DFT : 35 microns
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40f¢ 1

20f]
10

Welding defect, % 1
w
&)
LN LN
| |

1 day cured 2 days cured 4 days cured

080% M85% O090% 095% M99%

Fig. 10 Welding test by different hydrolysis degree
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Photos after 1 day

80 %

85 %

90 %

95 %

99 %

Fig. 11 Photos of welding test by different degree of hydrolysis after

1 day
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Photos after 2 days
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Fig. 12 Photos of welding test by different degree of hydrolysis after

2 days

4 4



Photos after 4 days
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Fig. 13 Photos of welding test by different degree of hydrolysis after

4 days
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Table 22 Welding test by different zinc ratio

Porosity %

48.81

39.46

35.03

32.37

18.87

Zinc contents (%)

75

70

65

60

55
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Fig. 14 Welding test by different zinc dust ratio
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Table 23 Welding test by different zinc content and degree of hydrolysis

Zinc contents by Degree of hydrolysis ‘
weight in film (%) Porosity %
7o 85 48.81
™ 95 39.46
65 85 38.84
65 95 32.37
o9 85 35.03
o9 95 18.87

Welding defect, %
1

Percentage of porosity

O75/85 M75/95 O65/85 O65/95 M55/85 M55/95

Fig. 15 Welding test by different zinc content and degree of hydrolysis
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Table 24 Welding test by different extend pigments

Formulation Porosity %
75% zinc/80% Hydrolysis/kaolin 81.9
75% zinc/80% Hydrolysis/talc 72.22
75% zinc/80% Hydrolysis/silica 57.17
65% zinc/90 Hydrolysis/talc 29.71
65% zinc/90% Hydrolysis/silica 15.67
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Fig. 16 Welding test by different extend pigments
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