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Corrosion Inhibition of Copper Alloys in Ball-Point Pen Vehicles
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~ Abstract

Corrosion products prevent a continuous flow of ink by clogging within ink-flowing
paths in copper alloy ball-point pen tips, particularly after a long time of non-use under
adverse conditions. Microscopic observation of the ink-path surfaces were roughened by
heterogeneous dissolution, deposition of insoluble corrosion products, and a number of
microcracks perpendicular to the drilling direction in oxide stripped substrates. In order to
improve the performance and extend the service life of ball-point pens by preventing the
formation of the ink-blocking corrosion products, screening tests of suitable organic inhibi-
tors such as ink additives were conducted to mitigate corrosion of three copper alloys as the
tip materials in a simulated solvent in the presence of inhibitors. Effectiveness of the
inhibitors were evaluated by visual observation of the immersed surfaces of nickel silver, 60/
40 brass and bronze and 30 day weight loss measurements in a mixture of benzyl alcohol (4
parts by volume) and oleic acid (1 part) containing inhibitors under stagnant conditions at 60°
C.

The inhibitors tested were benzotriazole and three benzotriazole derivatives, two ben-
zimidazoles, mercaptobenzothiazole, phenyl thiourea, dimercaptothiadiazole and dimethyldi-
thiocarbamic acid.

It was found that benzotriazole, together with its methyl-and carboxylic derivatives, and
dimercaptothiadiazole were effective for the copper alloys in preventing dissolution and
formation of clogging masses of the metallic soap in the solvents.
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Tablel Chemical composition of the copper alloys used.

Cu n Ni Pb Fe Mn P Sn

NICKEL SILVER | 59.0 | 22,2 15 3.0 0.3 |«0.5} — | —
60/40 BRASS 60.0 | 36.5 | — 2,5 — | — 1 — | 1.0
BRONZE 88,5 3.0 | — 4.0 — — K0,5 | 4.0
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Fig.1 Chemical structure of inhibitors used.

BI0FENHBEIEMAEHL 29, 4> e —nEHeb L b3t & Fig. 1TICRd,

F72, A 2 7O A MR T B EEM ORI E D iz, BRI B R — L
ZULS B RERR D R B £ O F ORI E T 2, 2% 60°C, 30 B, LEEBICREL
foo EERTE, R LN B L USHREENTR A R TRISE L T2,

REERB L UEBE

3. 1 B hmeBEOHEE

Fig. 2 12 R— 2> F o 7MWl b & S FDEHTTHREN LB LR R, WL S
D1, MRS A EIEET Iy ZR—ANAZINTEY, 77 ATy 7 EEUNOKEED S B
BE -SRI BIBI R e A > VRl Rl 24 > 7D, ZOR—NAEHGEN B L ICT -

Ball-point Pen Tip

machining scratches
(interference color)

hard alloy ball
(WC + Co) or
ceramics LNy

Galvanic Corrosion General Corrosion (corrosion products)
Crevice Corrosion Stress Corrosion Cracking

Dezincification ( s-phase attack)

Fig.2 Cross section of ball point pen tip and possible corrosion.
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Fig.3 SEM micrographs of ink-flowing surfaces of ball point pen tips with poor
writing performance. Surfaces showing detachment of surface oxide films
(A), (B) and (C), deposition of corrosion products (D), localized dissolution and

microcracks (E) and (F).
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Fig.4 SEM micrographs of cross section
of the surface of a ball point pen
tip which had been immersed in
ink at 60°C for 70 days.
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Table 2 A month immersion test results

30 DAY IMMERSION TEST RESULT
Benzyl alcohol (4 ml) + Oleic acid(l ml), 60 °C, stagnant

INHIBITOR NICKEL SILVER 60/40 BRASS BRONZE
( mg/5 m1) | Weight %oss % inhibition | weight %oss % inhibition | weight %oss % inhibition
(mg/em®) (mg/em®) (mg/cm”)
Blank 2.0135 ——- 5.2714 p—— 13,5067 —oms
BTA 5 0,0658 9.7 0.4488 91.5 0.5517 95.9
10 0,0729 96.4 0.0173 99.7 - 0,0812 100
A 5 0.0691 96.6 0,9859 81.3 0.7598 94,4
10 0.0367 98.2 1.0311 80.4 0.6384 95,3
CBTA 5 0.0177 98,1 - 0.3968 100 0,0492 97.8
10 0.,0633 96.9 - 0,8706 100 0.0262 99.4
HBT 5 0.0963 95,2 7.9486 - 50.8 1.4791 89.1
10 0.0691 96.6 5.3785 - 2.0 2.3118 82.9
DMTDA 5 - 0,0212 100 - 0.0516 100 0.0038 99.9
10 - 0,0035 100 - 0.0974 100 - 0,1503 100
I 5 3.994] - 98.4 7.96%4 - 51.2 10,9848 18.7
10 1,5377 23.6 9.0416 -71.5 8.2887 38.6
MBT 5 2,5299 - 25.6 3,8073 27.8 2,5915 45.6
10 3,3761 - 67.7 4,4632 15.3 3,144 34.6
PTU 5 3.5214 - 74.9 20,3560 ~ 286.2 14,9902 - 4,8
10 4,7301 - 134.9 - 2,1911 100 5,4817 - 15.1
MBI 5 3.4824 - 72.9 5.4069 - 2.6 3.5192 73.9
10 4,3539 - 116.2 6.2173 - 17.9 7.4056 45,1
DMDTC 5 7.7511 - 284,9 3.1867 39,5 5.0658 - 6.4
10 6.6419 - 229.8 3.8724 24.6 6.,7492 - 41.8
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Table 3 Surface appearance of nickel silver and solvent color after 1
month immersion test.

NICKEL SILVER

I month Immersion Test

Inhibitor Surface Color Vehicle
blank whitish green
BTA 5 mg metallic lustre(original) light vellow
10 mg metallic lustre(original) light yellow
TTA 5 mg metallic lustre(original) light vellow
10 mg metallic lustre(original) slightly vellow
CBTA 5 mg metallic lustre(original) light vellow
10 mg dull yellow
HBT 5 mg whitish dark green
10 mg partly brown deep vellow
DMIDA 5 mg metallic lustre(original) vellow
10 mg brown vellow
TBI 5 mg copper dark green
10 mg white copper dark green
MBT 5 mg vellow brown dark green
10 mg vellow Dbrown dark green
PTU 5 mg black(thick film) dark green
10 mg black(thick film) dark green
MBI 5 mg black{thick film) green, white p.p.t
10 mg black(thick film) green, white p.p.t
DMDTC 5 mg black(thick film) black
10 mg black(thick film) black

Benzyl alcohol 4 ml + Oleic acid I ml, 60 °C
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Table4 Surface appearance of 60/40 brass and solvent color after 1
month immersion test.

60/40 BRASS 1 month Immersion Test

Inhibitor Surface Color Vehicle
blank copper green
BTA 5 mg metallic lustre(original) light green
10 mg metallic lustre(origingl) light yellowish green
TTA S5 mg metallic lustre(original) light yellowish green
10 mg metallic lustre(original) vellow
CBTA 5 mg lightly blackened vellow
10 mg lightly blackened vellow
HBT 5 mg copperish white dark green
10 mg copperish white dark green
DMTDA 5 mg dark brown(thick film) green
10 mg brown green
1Bl 5 mg copperish white black
10 mg copperish white black
MBT 5 mg brown brown
10 mg brown brown
PTU 5 mg black black
10 mg black black
MBI 5 mg copperish white black
10 mg copperish white black
DMDTC 5 mg brown{thick film) black
10 mg dark brown{thick film) black
Benzyl alcchol 4 ml + Oleic acid 1 ml, 60 °C
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Table5 Surface appearance of bronze and solvent color after 1 month
immersion test.

BRONZE 1 month Immersion Test
Inhibitor Surface Color Vehicle
blank copper dark green, white p.p.t
BTA 5 mg lightly blackened light yellow
10 mg metallic lustre(original) light vellow
TTA 5 mg lightly blackened light vellow
10 mg lightly blackened light vellow
CBTA 5 mg metallic lustre, deposite light vellow
10 mg metallic lustre(original) light yellow
HBT 5 mg copper dark vellow green
10 mg dark brown(thick film) brownish green
DMTDA 5 mg metallic lustre(originagl) yellow
10 mg metallic lustre(original) light vellow
TBI 5 mg copper black
10 mg copper dark yellow green
MBT 5 mg copper green, brown p,p.t
10 mg copper green, brown p.p.t
PTU 5 mg dark brown dark green
10 mg dark brown black
MBI 5 mg black{thick film) green, white p.p.t
10 mg black(thick film) green, white p.p.t
DMDTC 5 mg brown dark green
10 mg dark brown dark green

Benzyl alcohol 4 ml + Oleic acid I ml, 60 °C
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Fig.6 A model specimen of
ball point pen tip for
immersion test.
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