The Fourth-Generation Locking Agent for Screws:
Gum-type Bond

Introduction

A variety of screws or bolts are used for connections in various industries. Loosened screws can cause
serious accidents and so many kinds of locking methods are available.

Three Bond has offered three generations of screw-locking agents, all of which are widely used in our
customers’ production facilities to improve assembly efficiency:

ThreeBond 1400 series - first generation: volatile solvent screw-locking agent.

ThreeBond 1300 series - second generation: anaerobic screw sealant.

ThreeBond 2400 series - third generation: microencapsulated screw-locking agent.

All have the basic bonding function along with specific features.

Recent accidents, such as the collapse of a steel tower or the fall of a bolt from a large structure, have
shown that anti-loosening is required not only for the manufacturing and assembly lines but also for
large-diameter bolts. The requirements for the agent differ according to the environment used, such as
working in rain in open-air environment, working under water, or repairing automobiles. Furthermore,
improvements are expected for the sealing of pipe joints for ease of assembly, in addition to the original
purpose of locking the threads.

In June 1999, Three Bond released the fourth-generation locking agent, a gum-type bond for screws,
to meet these market demands, which differ from the requirements from the assembly line.

This issue introduces the gum-type bond and describes its excellent screw-locking and sealing func-
tions and workability.

ThreeBond is abbreviated as TB hereafter.
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1. Gum-type bond TB1450B and 1450C
1-1. Outline

Gum-type bondsTB1450B and 1450Care ewi-
ronment-firendly, solvent-free gents br lodking
SCIews.

The main baracterstic of this kind of bond is its
gum-like (ubberlike) form, a stae between liquid
and solid This adhesie can be pplied ty winding
around the objectyhich was not possike with liquid
adhesres (Photo 1).

Also it contains miacgosuleswhich break when
the scews ae fastened and thus help to ewand lok
quickly.

Photo 1. Gum-type bond

General guideline for
Type Color handling temperature* Content
TB1450B Blue 5~30°C 100 g
TB1450C Orange 25 ~50°C 100 g

* Use one of the te types,depending on the tempaure of handling evironmentfor easier squeezing

1-2. Characteristics
The gum-type bond has thellbwing chamacters-
tics:

(1) It is an environment-friendly, solvent-free
reactive locking agent for screws.

(2) It can be applied by winding it around the
screws.

(3) It has excellent filling into thread clearance,
offering good sealing.

(4) An excess can be removed easily (Fig. 1).
Solvent was necessgrto remove excess liquid
adhesie, but gum-like adhesie can beemoved
easily.

(5) It locks any metallic objects.

When the s@ws ae fastenedthe mico-cgsules
break,releasing the cimg egent. The bond cues
and loks scews of ary metals.

(6) Micro capsules offer excellent preservation
of their contents. In our tests, the contents
have lasted for two years at room tempera-
ture.

=

Fig. 1. Removal of excess gum-type bond

Excess resin
after fastening

Remove excess
resin by rolling it
round a stick




1-3. Curing mechanism of gum-type bond

Gum-type bond is composed of gumd
methacylate ester thiacontains a cumg caalyst,
and cpsules of cung agent.

When the s@aw is damped the sheang force
breaks the gasules,releasing the cimg agent for
hadening (kg. 2).

If the scew is not fistenedthe casules do nc
break,and so no cumg occus.

So cumg occus onl when the s@w is damped

2. Improving the sealing effect

If a sealant hasapd esistance to deteration
caused b chemical effects or ging, its efectivenes:
depends on \wether it is densglfilled in the dear

c) Starting reaction
and hardening

Reaction and

i

) prea |ng /

///////////,

Breaking capsule
by screwing

\

\\\\\\\\

Methacrylate

Hardener capsule

Fig. 2. Hardening mechanism

ance betwen the saw threads and wether it is vell bonded to the tleads.
In simple words, good sealing can be obtaineg filling the sealant in the tead ¢eaance densgland ly
improving the stength of the bond beten sealant and #eds.

2-1. Methods for sealing screw threads

Roughy speakingthere ae two basic methodof sealing a sew, as shan in FHg. 3. One is toill the thread
clearance with norgactve sealantsand the other is to bond witeactve agents,suc as the anaebic sealant or
the micocegsule thead-loking process (calledthe MEC piocess’hereafter). The later actualy provides seal

ing not ony by adhesion bt also ly filling.

e Sealing conditions of a screws N
H Sealing condition when nonreactive sealants are used with a sealing tape.
© H ( Sealing by filling Sealing effect will differ with the rate at which the sealant is injected into
% Q the thread clearance and with the compression force in the clearance.
c . . Sealing condition when reactive liquid adhesives are used. Adhesive
T Jj ( Sealing by adhesion strength between bonded objects prevents leakage from bonded area.
Sk
. . .\ Sealing condition that has both characteristics of sealing by filling and
@eallng By filing and adhes@ sealing by adhesion, which makes the sealing most effective.
High
_J
Fig. 3. Sealing conditions of screws
2-2. Improving retention in the thread clearance
The gum-type bonds Fg. 4 shavs, fills and stgs Gum-type bond Liquid bond

in the thead ¢eamance with its elasticifyso is not
easily squeeed out asegular liquid adhesk is.
So it gves ecellent sealing

Good Bad
<4

Fillability to
clearance 4

Restoring force
by gum elasticity

Extruding of resin,
and dropping if low viscosity

Fig. 4. Difference of retention in the thread
clearance



3. Physical property of the gum-type bond
3-1. Fixing strength by material

The gum-type bond pvides fxing strength
regardless of the type of metallic regials, in the
same vay as the MEC pocess.

Tested bolt : JIS Class2 M10 x P1.5
m Fixing strength for various materials
Plain steel (N-m)

A.ummum P e
W)

Plated with
unichromate

AN
oy
Plated with n| \ég

Fixing strength

3-2. Fixing strength by size

Gum-type bond has enougkifhg strength br M4-
size bolts,but it is best suitedor M8 siz or bigyer
because it is easier tpgly to bigger bolts.

Tested bolt : JIS Class2 bigger than M4
m Fixing strength for various sizes

M4 (N-m)

M24(Plain steel) “"‘h M6
‘300/ (
M24 K200
(Plated with 400 A0 500 m
melted zinc) q
40

Uz

Fixing strength

suss4 0 7T Fastening torque M14 M12 - Fastening torque

3-3. Fixing strength at different temperatures

The beak loose tajue of the bond as meased
a different tempestures after eaction cung on a
bolt. The gum-type bond maintains itsxifg
strength 4150°C (Fg. 5 and 6).

Note:At 180°C,the ecoded beak loose tajue is
lower than the dstening taque but the bonding
strength ecovers when the tempeture deceases.

——— Fastening after applying gum-type bond
——> /Fastening torque : 29.4 N-m

i JIS Class 2 copper nut plated
[ with zinc chromate

&——3+« Flat washer

U

\ JIS Class 2 copper bolt plated
with zinc chromate, M10 x P1.5

Fig. 5. Tested bolt

A

Break loose torque (N-m)
40
35 —
- \
e - \
30 S
I\
\
u

25

0 50 100 150 200

Measurement temp. of break loose torque (°C)

Fig. 6. Break loose torque at various temperature

3-4. Resistance of fixing strength and sealing effect to heat
In hed deteioration testsscrews sealed with gum bondere subjected to tempatures of 100°C and 150°@if
30 das. As the esults she (Figs 7-9,Table 1), neither xing strength nor sealing &dfct deteiorated

A leakage test vas caried out & pressues
up to 10 MR, using the ppasetus belov.

JIS Class 2 steel bolt plated with zinc chromate
M10 x P1.5 x 20

Clamping after applying I
gum-type bond

Y ~
Clamping torque 29.4 N-m( 7

Flat washer
Aluminum

Seal medium
Compression (turbine oil No.1):

Fig. 7. Total view of sealing test Fig. 8. Enlarged view of a-part (in Fig. 7)



Table 1. Sealing effect after thermal
degradation test

Sealing effect

Initial (0 day)

10 days

30 days

100°C

10MPa
Passed the
sealing test

10MPa
Passed the
sealing test

10MPa
Passed the
sealing test

150°C

10MPa
Passed the
sealing test

10MPa
Passed the
sealing test

10MPa
Passed the
sealing test

3-5. Fixing strength and sealing effect against

chemicals

To simulate an automote ervironment,a test

piece vas immesed in enme-cooling vater and

engne oil for 30 dgs.

No deteioration was obsered in either iking
strength or sealing &ct (Table 2, Fig. 10).

Table 2. Sealing effect after chemical

immersion

Sealing effect

Initial (0 day)

10 days

30 days

Engine coolant
(50%aq)
Immersion tem-
perature100°C

10MPa
Passed the
sealing test

10MPa
Passed the
sealing test

10MPa
Passed the
sealing test

Engine oil
Immersion tem-
perature120°C

10MPa
Passed the
sealing test

10MPa
Passed the
sealing test

10MPa
Passed the
sealing test

3-6. Sealing test with various bolts and plugs
Sealing tests wre caried out with \arious bolts

and plugs. The gum-type bondxaibited ecellent

sealing in all of the tests #dle 3).

3-7. Fixing strength with various thread preci-

sions

The fixing strength wvas measwd using intaral

Break loose torque (N-m)

40 —< —
35 //
30 -©- 100°C

= 150°C
25

0 5 15 20 25 30 35 40
Elapsed days

Fig. 9. Fixing strength after thermal
degradation test

Break loose torque (N-m)

40 e

’ ’ T o
35 s —
30 - 8- Engine coolant (50%aq)
25 —4— Engine oil

0 5 15 20 25 30 35 40
Immersed days

Fig. 10. Fixing strength after chemical
immersion

Table 3. Sealing effect for various bolts and

plugs
Tested bolts and plugs | Result of the sealing test
M10 bolt 10MPa Passed the sealing test
PT3/8 plug 10MPa Passed the sealing test
PT1/2 plug 10MPa Passed the sealing test
PT3/4 plug 10MPa Passed the sealing test

threads of JIS Classes 1 to 3giFL2),for varations
in the gp a the etemal thread \alley. The gum-
type bond sheed sthle fixing strength egardless of
the pecision of the interal thieads.

2
External g
thread [

Fig. 11. Condition of valley gap

* After 24 hous hadening & 25°C,we ceded for
leaks ly increasing pessue 1 MRy/min up to 10
MPa.

Break loose torque (N-m)
50

40 =—
0 o
20
10 —

O ! ! !
Classl Class?2 Class3

Accuracy of internal thread (JIS classes)

Fig. 12. Break loose torque for various
screw accuracies



4. Procedures for applying gum-bond

| Degrease the threads |

Using a cloth, remove oil and machining
debris from the threads of bolts and
pipes. Then degrease the threads with
solvent.

1

Wind the gum-type bond
around the threads

Squeeze the bond out of the tube. Pulling
gently, wind the bond around the threads
2 to 3 times.

1

Fastening

Fasten the nut (or socket).

1

Process is complete




5. Notes
a. Excessive sealant

The gum-type bond cas ony when a saw or a >} Best position for
) . applying bond
bolt is damped Any excessve sealant does not @,r N ]
) . Nut > Position for clamping
except where pressue is adled as 4 the seting face u ¥ the nut
e
of a bolt. J
If excess sealantemains uncwed on intenal _Bolt |
threads,(sudh as vhere pipes a joined),it might
flow and d¢og the flters. G
To prevent excess sealantdm remaining on inter %
nal theads|eave the ifrst one or tw of the atemal <
threads fee of lo&king agent. [ 1
—

L)\ Bolt A J

Fig. 13. Best position for applying bond

b. Degreasing
If oil or water is pesent on the tlead the gum-type bond will not adrer Make sue thd the theads a&
degreased sticiently.

c. Thread clearance

When the eamlance betwen the intaral and gtemal thieads is too lae, the micocgsules will not beak,and
therefore the gum-type bond will not oeir

This results in cung failure. Che& the thead ¢earance befre gplying sealant.

d. Adherend materials

Some plastics andubbers chang their popeties when in contact with adhesis. Chek the possike influ-
encessud as cads, dissolution,swelling, and whitening beforehand Do not use the bonadtf wood; it will not
cure.



6. Conclusion Besides gpanding the tades anddaures to ofer

By combining basicThree Bond telenologies-- a wider ange of gplicaions, we will contirue to
microencgsuldion, aciylic adhesies, and sealing develop nev sciew sealing poducts,improving the
methods--the gum-type bond has beevettped It anti-loosening and sealing functioremd also sup
suppots nev applicdions, easier handling and porting the emironment and egycling concened
improved perbrmance feaures.

Three Bond Co.Ltd.
Researh and D&elopment Diision

m‘

THREE BOND CO.,, LTD.

1456 Hazama-cho, Hachioji-shi, Tokyo 193-8533, Japan
Tel: 81-426-61-1333




