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Abstract. Tests on the dependence of glues shear strength on: gluing
temperature, keeping time before testing, cooling environment, surface
roughness, surface conditions, temperature and time of drying on air and in
drying oven were carried out to select proper thermoplastics to use as glues
for connection of steel elements together. The highest shear strength was
showed by the following materials: desmopan 150, antifriction polyamide
PA 610-L-DM, impact-resistant glass-filled polyamide. Given results
allow significantly expanding scope of application of polymers as gluing
compositions.

1 Introduction

Polymers and elastomers are increasingly used in general mechanical engineering,
transport and metallurgical equipment. One of directions of polymers widespread
introduction is reduction of non-technological loads in metallurgical equipment [1-5].
Polymers and elastomers are low-modulus but rather durable materials. Their energy
efficiency is comparable to energy efficiency of spring grades of steel. Elastomer-based
shock absorbers are simple in design and operation, they are superior to springs in many
basic parameters [6-12].

On the basis of modern structural polyurethanes effective elastic couplings and shafts
can be created [13]. The main difficulty is the method of connecting elastic polyurethane
element with steel coupling halves, i.e. compound elastomer with steel [14-18]. Such
connection should be durable and technological.

Existing glue compositions do not provide either required strength or technological
ability of process of gluing. Shear strength of glue line must be not less than strength of
base material (polyurethane or some other elastomer). At the same time, ultimate shear
strength should be 7, = 20...30 MPa.

Works [19-21] on study of glued connections are known for the above mentioned
purposes. However, in these works required results were not achieved. In this paper
polymer melts were tested as glues. Gluing technique was initially technological and
required strength was achieved in stages by varying gluing conditions.
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2 Research Material

To select the most promising thermoplastics as glues (refer to fig. 1) rapid tests with
following polymers were carried out (given grades are used in CIS countries):
e desmopan 150;

o glass-reinforced polyethylene terephthalate PETF(B)-KC-40;

e composition based on polyamide PA 610-L-T20;

e glass-reinforced polypropylene PP-KC 30;

o glass-filled antifriction polyamide PA66-KC(M);

e antifriction composition based on polyamide (PA6-Mo0S2);

e composition of polypropylene with mineral filler PP-T20;

o glue-melt polyamide;

e antifriction polyamide PA 610-L-DM;

e impact-resistant glass-filled polyamide.

) nn|m||“||||| qn-“'uqng._

= l@aﬁ:““\ﬁ%ﬁj"ﬁ T

Fig. 1. Glued elastomeric samples.

Experiments showed that the highest shear strength was shown by materials:
desmopan 150 (7, =10.5...21.5 MPa);  antifriction  polyamide @ PA  610-L-DM
(7sh = 29.7...44.6 MPa); impact-resistant glass-filled polyamide (7, =21...31.7 MPa). It
was further decided to develop gluing technology on these materials as the most promising
ones. Testing device, samples, testing machine are similar to those used in [21] (refer to
fig. 2). The samples had diameter equal to d =30 mm.

Fig. 2. Testing device and glued sample.
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Samples are made from steel grade 45 (grade is used in CIS countries, refer to fig. 3),
they were heated in a special furnace; polymer granules were placed on one of heated
halves of the sample and after they were melted (formation of transparent drop), this half
was combined with the other one that was also heated. Then the sample was cooled on air
or in water.

Fig. 3. End surfaces of tested samples.

Table 1 shows results of testing samples on machine IM-4A. Samples were glued
together at different temperatures (indicated in table 1). They were kept before the test
within 24 hours (keeping time).

The test results showed a very high adhesion strength of thermoplastics: desmopan
Th = 28.3 MPa; polyamides zn=41.4 MPa and 7y, =40.0 MPa. The greatest strength
shown by individual samples reaches cohesive strength of the polymer. This strength of
adhesion to steel should be considered as the ultimate. For thermoplastic desmopan
ultimate strength of adhesion to steel is 7* ~ 40 MPa. For polyamides this value should be
¢ = 50...60 MPa depending on grade of polyamide. These experiments allowed
determining optimum gluing temperature for each polymer. For desmopans it turned out to
be equal to 270°C and for polyamides it was equal to 320°C.

In addition, effect of keeping time of the glued samples before testing the strength of the
glued connection was investigated. Results of these tests are shown in table 2. Desmopan
requires at least five hours to achieve maximum (calculated) strength; there was no
particular difference in strength (at different keeping time) for polyamides.

Table 3 shows results of testing samples that were cooled in two ways: on air and in
water. All samples showed significantly greater strength under condition of air cooling.

In the next series of experiments effect of gluing surfaces state of steel samples on
strength of glued connection was investigated. Samples with grinded and rough surfaces
were tested. Results of these tests are given in table 4. For all desmopan samples strength of
glue seam on the grinded surfaces was greater. For polyamides, on the contrary, strength on
the rough surfaces turned out to be greater by 20...30%.
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Table 1. Dependence of shear strength (MPa) on gluing temperature.

Desmopan 150 Antifriction polyamide PA 610-L-DM Impact-resistant glass-filled polyamide

No. Temperature, °C
240 270 285 300 340 255 270 285 300 320 340 270 285 300 32 340
1 13 18 ;4 10.0 7.8 §3 :9 20.4 ?2' gl' il 17.1 19.5 ;2 35 31.8
2 41‘5 ;9 (1)8 14.0 8.8 37 %3 224 33' 23 ;3 20.1 24.7 :;3 ;5 329
s P R fsofor |3 [ | 3 |3 [T asa | aes | 2 25| ms
4 ;1 33 19 15.7 10 21 iz' 232 26‘ 38 3‘5 27.5 335 26 ;9 355
5 iz ?7 (2)0 17.0 10 23 gS. 282 37‘ ‘;2 3‘5 28.0 34.0 37 gl 37.9
6 ;3 %9 34 17.7 12 :3 24. 284 :;’7 :2 :;’9 35.7 36.8 ;8 32 385
7 ;4 32 26 18.0 é7 ;3 :;’8' 30.8 30 ;M 30 372 37.7 28 ;2 39.5
O I I A I R Il I B B T I A AD S I 7730 [ UV IS i T
I o I I I/ B G i I E N I I I I CE N R O D
10 §6' 29, ::;2' 27.8 él' gl' ?9' 37.1 37 ?2 ?6 45.1 43.7 jl' 28' 41.2
/-\v:rag §3A §8. 12‘3 18.7 (1)4. §3A ::5, 282 36 il. gSA 312 334 36 30. 372
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Table 2. Dependence of shear strength (MPa) on keeping time before testing.

Antifriction polyamide PA | Impact-resistant glass-
No. Desmopan 150 610-E-I;,M l;“1lled polyami(gie
2h 5h 24h 2h Sh 24h 2h 5h 24h
1 15.8 17.5 18.0 20.5 25.6 31.2 30.6 24.2 25.7
2 16.8 24.6 19.3 314 27.1 334 35.0 30.5 35.8
3 17.0 26.7 23.6 34.6 31.8 34.8 37.8 359 36.6
4 17.2 27.8 23.7 36.1 35.6 38.3 39.9 37.2 39.7
5 21.5 28.8 27.1 36.5 38.9 423 41.1 41.9 41.8
6 22.0 29.0 29.1 36.8 39.8 42.7 42.1 42.9 42.0
7 26.4 35.0 32.7 373 42.5 443 434 444 422
8 28.4 36.1 344 414 43.8 47.4 44.0 46.0 422
9 28.5 36.8 35.5 45.0 45.6 47.8 46.6 48.9 45.4
10 39.1 39.0 39.4 47.4 49.5 52.1 50.6 49.1 48.2
Average | 23.3 30.1 28.3 36.7 38.0 41.4 41.1 40.1 40.0
Table 3. Dependence of shear strength (MPa) on cooling environment.
Antifriction polyamide Impact-resistant glass-
No. Desmopan 150 PA GIO-E-DyM I;‘llled polyami(gle
Water Air Water Air Water Air
1 12.5 18.0 133 31.2 25.0 25.7
2 12.7 19.3 13.8 334 25.7 35.8
3 17.8 23.6 14.4 34.8 26.0 36.6
4 18.8 23.7 15.4 38.3 26.8 39.7
5 22.7 27.1 16.1 423 27.1 41.8
6 24.0 29.1 16.2 42.7 27.6 42.0
7 24.4 32.7 16.5 443 28.8 42.2
8 26.2 344 18.2 47.4 30.8 422
9 27.3 35.5 27.0 47.8 31.2 45.4
10 32.0 39.4 32.2 52.1 32.1 48.2
Average 21.9 28.3 18.3 41.4 28.1 40.0
Table 4. Dependence of shear strength (MPa) on surface roughness.
Antifriction polya-mide Impact-resistant glass-
No. Desmopan 150 PA 610-II)4-I}),M I;"llled polyami(gie
Grinded Rough Grinded Rough Grinded Rough
1 18.1 19.9 22.8 25.0 27.7 36.4
2 21.5 20.1 27.8 25.9 29.8 38.8
3 25.7 21.8 29.1 27.7 315 40.7
4 274 23.8 333 353 333 41.8
5 27.8 243 36.7 37.1 35.0 42.2
6 29.0 26.7 394 40.2 35.1 43.1
7 29.2 28.3 39.9 42.3 35.8 434
8 29.7 31.6 434 46.4 39.7 43.6
9 334 34.7 45.4 47.5 39.8 43.8
10 34.5 35.0 48.0 49.7 42.8 48.1
Average 27.6 26.6 36.6 37.7 35.0 42.2

Another series of samples was tested with various surface conditions: non-oxidized and

oxidized. Adhesion to oxidized surfaces was slightly higher (refer to table 5).
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Table 5. Dependence of shear strength (MPa) on surface conditions.

Antifriction polya-mide | Impact-resistant glass-

No Desmopan 130 PA 610-L-DM filled polyamide
’ Non- . Non- . Non- -

oxidized Oxidized oxidized Oxidized oxidized Oxidized
1 18.0 233 31.2 24.8 25.7 24.8
2 19.3 23.6 334 36.8 35.8 317
3 23.6 26.1 34.8 41.1 36.6 36.0
4 23.7 29.0 38.3 42.5 39.7 37.8
5 27.1 29.6 423 43.7 41.8 383
6 29.1 30.5 42.7 44.4 42.0 41.1
7 327 30.7 443 47.8 42.2 42.7
8 34.4 30.8 47.4 47.8 42.2 48.0
9 35.5 31.2 47.8 49.1 45.4 49.4
10 394 36.0 52.1 51.1 48.2 514
Average 28.3 29.0 414 42.9 40.0 40.1

Another series of experiments was done with different drying options: drying on air at
ambient temperature and drying in drying oven at different temperatures. Results of these
tests are given in table. 6. This experiments confirmed high strength of the glued
connections of steel parts with hot melt glues. The main test results are shown in graphs
(refer to fig. 4 and fig. 5) and diagrams (refer to fig. 6-9).

Table 6. Dependence of shear strength (MPa) on temperature and time of drying on air and in drying

oven.
Aantifriction polyamide PA Impact-resistant glass-

No Desmopan 150 610-L-DM filled polyamide
' 24h, 2h, 1h, 24h, 24h, 24h, 24h, 24h, 24h,
air 45°C 65°C air 70°C 85°C air 70°C 85°C
1 18.0 19.8 19.8 31.2 24.6 21.0 25.7 34.0 32,5
2 19.3 21.7 20.8 334 27.6 21.5 35.8 36.1 36.6
3 23.6 21.7 21.0 34.8 29.4 23.6 36.6 41.0 36.6
4 23.7 22.0 23.0 38.3 34.4 29.0 39.7 41.6 37.0
5 27.1 24.5 27.0 42.3 34.8 29.7 41.8 42.3 37.1
6 29.1 24.8 27.3 42.7 36.7 315 42.0 424 37.7
7 32.7 31.1 28.3 443 38.3 32.7 42.2 44.3 39.1
8 34.4 32.3 28.3 474 38.4 39.6 42.2 44.4 404
9 35.5 36.4 34.1 47.8 404 42.0 454 45.6 40.8
10 394 39.7 34.7 52.1 41.4 46.0 48.2 48.3 41.8
Average | 28.3 27.4 26.5 414 34.6 31.5 40.0 42.0 37.9
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Fig. 4. Graph of relation between shear strength and temperature of gluing.
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Fig. 5. Graph of relation between shear strength and keeping time before test.
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Fig. 6. Diagram of relation between shear strength and cooling environment.
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Fig. 7. Diagram of relation between shear strength and surface roughness.
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Fig. 8. Diagram of relation between shear strength and gluing surface conditions.
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3 Conclusions

1. The highest shear strength showed materials: desmopan 150, antifriction polyamide PA
610-L-DM, impact-resistant glass-filled polyamide.

2. Obtained results allow to significantly expand scope of application of polymers as gluing
compositions.

3. It is necessary to conduct additional experiments to improve gluing technology.

The reported study was funded by RFBR according to the research project Ne19-08-01241a. The
authors declare that there is no conflict of interest regarding the publication of this paper.
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