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Abstract

Some physicochemical properties of UHMW-PE film such as gas permeability, tensile strength, and
corrosion resistance in acid with different immersion time, various concentrations and various
solutions and rattler testing were studied. The obtained results showed that the values of gas
permeability, tensile strength, elongation at break, and the temperature of dissociation at weight
loss 5% was 546.57 cm3-m~2:24 h-0.1 MPa, 37.22 MPa, 368.00%, 360°C, respectively. In different
concentration acid, the surface resistance of film accumulated to some extent with immersion
time increasing, together with that the higher acid concentration was, the lower the surface resis-
tance of film was. Moreover, the contact angle of films gradually increased with the acid concen-
tration decreasing and the increase of immersion time. After wear testing, the mass of UHMW-PE
film did not nearly change, while the contact angle became larger with the number of turning in-
creasing and the value was more than 90°.
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1. Introduction

Ultra-high molecular weight polyethylene (UHMW-PE) has been widely applied to biomedical materials due to
its superior chemical stability and its tribological and mechanical properties [1] [2]. The UHMW-PE is also used
in the industry such as pickers for textile machinery, lining for coal chutes and dump trucks. However, some dif-
ficulties need to be overcome especially in tribological aspects that can extend the lifetime of UHMW-PE by
reducing their wearrate. Other significant applications will include areas such chemical engineering, electronics,
mining industry and transportation. This material applies especially for machine parts subjected to wear such as
bearings, gears or chain guides [3] [4]. UHMW-PE is widely used as the material for artificial joints in the hu-
man body which has superior mechanical properties and stability [5] [6]. In other words, on account of the low
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surface hardness and poor wear resistance of polymer, wear particles lead to osteolysis, this will cause joint loo-
sening, bone loss, discomfort, and thus reduce the lifetime of the joints [7] [8]. As a consequence, much effort
has been carried out to improve the mechanical and tribological properties of the UHMW-PE materials. Up to
now, it has been suggested that crosslinked UHMW-PE (generated either by gamma irradiation or by peroxide
treatment or thermal treatment) can dramatically enhance the wear resistance compared with non-crosslinked
UHMW-PE [9] [10]. It not only can be deal with melt-drawn or calendar rolling methods in laboratory but also
can be prepared of highly oriented, nanostructure. UHMW-PE film is usually manufactured by cutting the
thickness of UHMW-PE board below 1 mm in industry. Hot compression molding is a new method which is
expected to use for the industrial production of high-strength UHMW-PE film. We had investigated the perfor-
mance of UHMW-PE film prepared by small section production line using double-roller hot compression mold-
ing, then hot pressing mold method by the third roller was characterized, finally, modified the surface of the film
[11]. Our aim is to gain the change of surface resistance of UHMW-PE film modified by acid with different
immersion time and various concentrations and little change of mass by wear testing.

2. Experimental Procedure
2.1. Reagent

38 wt% HCI, 85 wt% H3PO, and 99.95 wt% CH3;COOH, Sinopharm Chemical Reagent Co., Ltd., AR; UHMW-
PE powder, Jiujiang Xinxing Fiberglass Material Co., Ltd. Thermopressing of mechanically activated powder
was carried out using a hydraulic press MEGA KSC-10A under a load of 76 MPa. Then powder was heated to
160°C for 1.5 h and held at this temperature for 10 min. Then, hot pressing with a load of 80 MPa and cooling
under pressure was performed [10].

2.2. Acidation Modification

The UHMW-PE films were immersed in different concentration (HCI: 38 wt%, 30 wt%, 20 wt%,10 wt%; H3POj,:
85 wt%, 30 wt%, 20 wt%, 10 wt%; CH3COOH: 99.95 wt%, 30 wt%, 20 wt%,10 wt%) of acid for 3 h, 6 h, 9 h,
and 12 h at 25°C. Subsequently, the films were rinsed at more than three times using distilled water and dried in
oven at 60°C for half an hour. The changes of surface resistance and contact angle of films were investigated.

2.3. Wear Testing

Setting the cylinder number 1000r, 1500r, 2000r, 2500r, 3000r, the UHMW-PE films were rubbed at 25°C. The
changes of mass and contact angle of UHMW-PE films were investigated.

2.4. Characterization

Thickness was tested by a Thickness tester (Lab think Instruments CO., Ltd., CHY-CA). Thermal degradation
and the corresponding mass loss of UHMWPE were determined by Thermogravimetic analysis (TGA)
(LINSEIS Instruments International, STA PT-1000) under Nitrogen protection at the rate of temperature 10
°C/min. The tensile strength and elongation at break was carried out by a Tensile testing machine (GOTECH
Testing Machines CO., Ltd., GT-TCS-2000) according to GB/T 1040-2006. Surface resistance was tested by a
High insulation resistance measurement instrument (Shanghai Anbiao Electronic CO., Ltd.) according to GB/T
1410-1989. The contact angle was measured by a Contact angle measuring instrument (Zhongchen Digital
Technology Apparatus CO., Ltd., Shanghai, JC2000D2A).Surface morphology was visualized with a Scanning
electron microscope using an acceleration voltage of 10 kV (Hitachi High Technologies, S-3400N). Gas per-
meability was measured by a gas permeability Tester (Lab think Instruments CO., Ltd., BTY-B1P) according to
GB/T 1038-2000. The wearing resistance was tested by a Paint Film Wear Tester under 500 grams load weight
(Shanghai General Chemical Machinery Co., Ltd., JM-1V). Density was measured by a Precisa Density Meter
(GOTECH Testing Machines CO., Ltd., GT-XS 365M).

3. Results and Discussion
3.1. Physico-Chemical Properties

The UHMW-PE film was conducted using a roll-processing machine in the selected temperature and pressure.



Z.Y.Duetal

Details of the materials examined. Properties of UHMW-PE film are displayed in Table 1.

According to the Table 1, the thickness of UHMW-PE film is unfixed. There is a £10.00 um difference of the
UHMW-PE film thickness. It is difficult to control a certain and determined thickness. It indicates the thickness
distributing of UHMW-PE film which processing by calendar rolling with conventional design roller is unfixed.
However, it is all the same meet with industrial preparation method for the thick and wide range UHMW-PE
film they need. Convex in the middle of hot compression roll must be optimum reduce the distance between the
two rolls, we can obtain equithickness film. According to the studies of Petrican [3] and Huang [6], UHMW-PE
films have excellent properties that tensile strength and elongation at break is 37.22 MPa, 368.00%, respectively.
The gas permeability of UHMW-PE film is 546.57 cm*®m %24 h-0.1MPa. UHMW-PE film is hopeful to be ap-
plied in occasions packaging and transporting materials on gravity transport occasions.

3.2. Heat Resistance

UHMW-PE film has superior properties in tribological aspects. The materials will increase temperature with
rubbing long time. Heat build-up leads to the strength degradation owing to polymer materials chain breaking or
thermal degradation. Therefore, this is so important that confirm the heat decomposition temperature for indus-
trial application. TG and DTG curves of UHMW-PE film are shown in Figure 1.

According to Figure 1, the sample weight loss 5% and 95% occurs at 360°C, 530°C, respectively. When the
temperature rose to 540°C, the residual is 0%. Maximum decomposition rate temperature is 490°C. These
showed the better plasticizing of film, and the lower initial temperature of dissociation. Reduction in molecular
weight leads to lower initial temperature of dissociation; Minimum decomposition temperature is 360°C which
shows pyrolysis temperature of film is relatively high. This temperature has great effect on the resistance to
thermal degradation caused by overheating because of instantaneous friction heat production.

3.3. Surface Resistance

As we known, polymer materials, of course, UHMW-PE film have good insulation properties. In the usage of
acid condition, the antistatic property of UHMW-PE film surface maybe modified by dip-molding method after
raising surface groups of UHMW-PE film. The change of surface resistance of the UHMW-PE film modifica-
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Figure 1. TG and DTG curves of UHMW-PE film.

Table 1. Some physico-chemical properties of UHMW-PE film.

Thickness Density Gas permeability Tensile strength Elongation at break
(um) (kg'm ) (cm3-m 2 24 h-0.1 MPa) (MPa) (%)
190.00 + 10.00 0.94 546.57 37.22 368.00
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tion with different immersion time (12 h, 9 h, 6 h, 3 h, 0 h), various concentrations (85 wt%, 30 wt%, 20 wt%,
10 wt%, 0 wt%) is in Table 2, Table 3, respectively.

According to Table 2, surface resistance of UHMW-PE films have increased while raised the immersion time
especially from 3 h to 6 h. The surface resistance of film up to 1.0 x 10* Q is modified by 85 wt% H3PO,. As
the immersion time increasing, the conductivity of the films decreased. Interestingly, surface resistance of
UHMW-PE films soaking in 38% HCI, 85% H3sPO, for 3 h is significantly lower by 3, 6 orders of magnitude,
respectively than that without soaking. But, surface resistance of UHMW-PE films is more than that untreated
UHMW-PE film while immersion time is more than 6 h. For this phenomenon, in the case of the insufficient
immersion time, UHMW-PE film appears some surface corrosion and carbon deposition. While immersion time
is long enough, the UHMW-PE film’s surface achieves a balance.

Table 3 shows the surface resistance of UHMW-PE films has a little increased while gradually diluted HCI
and HsPO, for 6 h. Changing HsPO, concentration from 85 wt% to10 wt%, the surface resistance is from 1.0 x
10" Q to 4.0 x 10* Q. Changing HCI concentration from 38 wt% to10 wt%, the surface resistance is from 1.5 x
10 O to 5.0 x 10 Q. In this sense, changing the concentration of immersion solution has little influence on the
surface resistance of the UHMW-PE film. Whether the solution is superacid or weakacid, with enough im-
mersed time, surface resistance changes a little, the carbon deposition amount on UHMW-PE film surface
reaches equilibrium. Therefore, UHMW-PE film can be used in above acid.

3.4. Contact Angle

Contact angle obtain the material is hydrophilic or hydrophobic. The volume of liquid droplet is always 4 x 10°°
L. Each sample was measured 5 times at 25°C. Then discarded the highest and lowest contact angle, and took
the approximate average contact angle. In this part, the deviation of contact angle measurement is +2°. The con-
tact angle of the UHMW-PE films modification with various concentrations (0 wt%, 10 wt%, 20 wt%, 30 wt%,
85 wt%) for 3 h, different immersion time (0 h, 3 h, 6 h, 9 h, 12 h) in 20 wt% CH3COOH is in Figure 2(a),
Figure 2(b), respectively.

Figure 2(a) shows the change of HzPO,4concentration has an influence on the UHMW-PE films contact angle
with same immersion time. The UHMW-PE films contact angle has decreased while added solution concentra-
tion from 10 wt% to 85 wt%. We also obtain the untreated UHMW-PE film contact angle is higher than that
modified by H3PO,. The data imply that the films are hydrophobic materials. Figure 2(b) shows changing im-
mersion time of CH;COOHhas an influence on the UHMW-PE films contact angle with same concentration.
The contact angle of UHMW-PE films has increased while added the immersion time from 3 h to12 h. Espe-
cially, the contact angle of film is 115.0° when immersion time is 12 h. Notably, the contact angles are both less
than 90° while immersion time is 3 h, 6 h, respectively; this point illustrates they have being hydrophilic. The
result is owing to insufficient immersion time.

Associating Figure 2(a) with Table 3, the higher solution concentration UHMW-PE films immersed, the
contact angle and surface resistance become lower. Associating Figure 2(b) with Table 2, the longer immersion

Table 2. Rs immersed in solutions with different immersion time.

e IR Before modified 3h 6h 9h 12h
Items
38 Wt%HCI-Rs (Q) 4.3 x 10* 7.0 x 10° 15 x 10% 6.0 x 10%* 7.5x 10"
85 wWt%H3PO4-Rs (Q) 2.8 x10% 1.0 x 107 1.0 x 10% 8.0 x 10%* 1.0 x 10%

Note: Rs: Surface resistance; 38 wt% HCI -Rs(€2), 85 wt%H3;PO,-Rs (Q) means surface resistance of UHMW-PE films immersed in 38 wt% HCI, 85
wit% H3POy,, respectively. The unit of surface resistance is “Q”. 38 wt%, 85 wt% is maximum concentration of HCI, HsPO,, respectively to buy.

Table 3. Rs immersed in solutions with various concentrations.

—Wit% (6 h)

s 85 38 30 20 10
HsPO,-Rs (Q) 1.0 x 10% - 1.5 x 10" 3.0x10% 4.0 x 10"
HCI-Rs (Q) - 15x%10% 2.5x%10% 3.0 x 10" 5.0 x 10*

Note: 30 wt%, 20 wt%, 10 wt% were diluted from maximum concentration solutions.
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time UHMW-PE films immersed, the contact angle and surface resistance become higher.

3.5. Wear Testing of UHMW-PE film

With the increasing of number of turning, how the wear resistance of UHMW-PE film changes. The data of
UHMW-PE film’s mass and contact angle after rubbed 1000r, 1500r, 2000r, 2500r, 3000r show in Figure 3.

According to Figure 3, UHMW-PE film has a high wear resistance. The change of mass is 0.0020 g, 0.0028 g,
0.0037 g, 0.0045 g, and 0.0061 g after rubbed at 1000r, 1500r, 2000r, 2500r, 3000r, respectively. As the number
of turning increased, the contact angle becomes increase and more than 90°. Especially, the contact angle is
111.5° when the UHMW-PE film is rubbed at 3000r. It has a good hydrophobic property.

3.6. SEM of UHMW-PE Film

After modification by acidation impregnation and rattler testing of UHMW-PE, the surface resistance and con-
tact angle have changed. The surface morphology of untreated UHMW-PE film, the film modified by 85 wt%
H3PO, for 12 h, and the film rubbed at 3000r was observed by SEM micrographs amplify 2000 in Figure
4(a)-(c), respectively.

Figure 4(a) shows surface morphology of untreated UHMW-PE film, there is some folded. The surface is
crude and unsmooth. This is owing to an uncertain and undetermined thickness. Figure 4(b) is UHMW-PE film

o6 5+ ] 115.0°
: 96.0 95.0°
92.0° . 120 | ‘
A AM . o
o ~
< 2
o an
o . Y
3 g
g !
80 3
80 | ‘
60 60
0 10 20 30 85 0
H,PO /wt% Time/h
@ (b)

Figure 2. Contact angle of films by acidation modification.
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Figure 4. SEM micrographs of surface of UHMW-PE.

immersed in 85 wt% H3PO, for 12 h. It has just a little more folded and rough than that untreated UHMW-PE
film. The result is due to the surface corrosion and carbon deposition amount of UHMW-PE film after immersed
in solutions. But this will not affect the mechanical properties of the UHMW-PE film. Figure 4(c) shows sur-
face morphology of UHMW-PE film rubbed 3000r. Figure 4(c) appears a smooth, and no wrinkles surface. This
is because of mill wheel rubs the UHMW-PE film following the clockwise direction. After wear testing, the un-
even thickness surface of UHMW-PE film was rubbed to be flat. And this is in perfect with film rubbed 3000r
has higher contact angle (111.5°).

4. Conclusions

Through the results and discussion about the UHMW-PE film, we can get:

o UHMW-PE film has good mechanical properties. The values of gas permeability, tensile strength, elongation
at break, and the temperature of dissociation at weight loss 5% was 546.57 cm®m2 24 h-0.1 MPa, 37.22
MPa, 368.00%, 360°C, respectively.

o After modified by acid with different immersion time, various concentrations and various solutions and ratt-
ler testing, the surface resistance has little change. This means UHMW-PE film can be used in acid that we
have investigated.

UHMW-PE film has excellent wearing resistance and good hydrophobic that apply in biomedical, chemical
engineering, electronics, mining industry and transportation.
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