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ABSTRACT 

Blend Radiation Graft (BRG), Mutual Radiation Graft (MRG) and Chemical Oxidization (CO) methods were 
used to modify the surface of Low Density Polyethylene (LDPE) sheets in order to enhance their shear-
-bond strength in tension load x (MPa). The results of different methods and their application are 
compared and analyzed in this paper. 
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INTRODUCTION 

I t ' s very difficult for thermoplastics to be adhered to, such as LDPE, because of their unpolar sur
face and lower surface tension. There is a broad applying prospects for the composites of LDPE with 
metal and unmetal materials, so i t ' s important for us to enhance the surface bond strength of LDPE 
sheets. Many methods, such as chemical modif icat ion 1* 2 ' 3 , 4 ' 5 , blending modification6, plasma modifi-
cat ion7 , 8 , light grafting9 and radiation graf t ing 1 0* 1 1 ' 1 2 etc, had been used by the researchers in 
the world to enhance the surface affinity of LDPE sheets. Much work of them focused on modification 
of LDPE part icle marterial and membranes. Lit t le had been done in LDPE sheets and i t s application to 
industry is also limilled. Here we want to find a suitable way to enhance the surface adhensiviiy of 
LDPE sheets through comparing BRG, MRG and CO methods. 

EXPERIMENTS 

BRG: The polar organic compounds, SMA, EVA and IA were chosen to be blended with LDPE particles 
respectively by a plasticator at LDPE melting temperature for ten minutes, then the blended samples 
of sizes 100mmX25mmXl.2mm with frosted surface were separately dipped in w a t e r ® , irradiated with 
eoCo Y - r ay(R)j dipped in water after irradiated(RH), dipped in 2%NaOH. liquid after irradiated(RS) 
and dipped in methanol liquid with 2%Na0H after irradiated(T?A), then were dried for later use. 
Table | shows the components of each blended sample. 

Table 1. Components of each blended sample(w/w) 

Line 

0 
1 
2 
3 

LDPE 

100 
100 
100 
100 

SMA 

0 
0.46 
0.46 
0 

IA 

0 
0.91 
0 
0 

EVA 

0 
0 
0.91 
2.50 

MRG14:LDPE samples of sizes 100mmX25mmXl.Zmm were put into the grafting bottles with acrylate acid 
(AAC), methanol, Mohr's salt and water as grafting monomer, chain adjusting agent, inhibitor and sol
vent respectively. After bubbled N2 gas for 20 minutes,the bott les were sealed, then irradiated with 
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60Co Y~ray- The rales of grafting and swelling of some grafled samples were measured, the other 
samples were washed by water and dried for later use. 

sample weight after grafted - sample weight before grafled 
G raft%= X 1 0 0 % 

sample weight before grafted 
swelled sample weight - unswelled sample weight 

swell%= X 1 0 0 % 
unswelled sample weight 

CO: LDPE samples of sizes 100mmX25:nmX 1.2mm were dipped in oxidizing liquid, which is composed of 
5 weight fraclion K 2Mn 20 7, 8 weight fraction water and 100 weight fraction 9 8 % sulfuric acid, at 
different temperatures for some minutes, then washed the oxidized samptes to PH=6 and dried them for 
shear-bond strength test. 

Shear-Bond Strength Test: Ten samples ( as one group ) treated by the same methods were separately 
adhered to the steel sheets of sizes 100mmX25mmXlmm by epoxy resin adhesive agent . The i values 
were measured according to IS0-4587-79 method. The average T value of each group is given in this 
paper. 

RESULTS AND DISCUSSION 

BRG: The polar organic compounds transfered to the surface of blended sheets to enhance the surface 
affinity, and the potar environment could accelorate the polar organic compounds transferation. 
Comparing I H O with t m - 3 in Table 2, We find easily that the blended polar organic compounds can 
enhance Ihe adhensivity of LDPE sheets. However, there is a thin interface at the surface of sheets 
made by the transfered moleculars which would be peeled out with the fixed adhensives in tension 
load, which will decrease the modification effects. In order to eliminate the thin interface, the 
blended sheets were irradiated with 60Co Y~rai'> a nd the transfered polar organic compounds were 
grafted to the surface of LDPE sheets. The i values of irradiated blended sheets are higher than 
that of unirradiated LDPE sheets (comparing the T Ri- 3with x H l - 3 in Table 2 ) . Oxide is very 
important to the LDPE sheets modification during irradiation. Unsaturated chemical bonds and/or per
oxides as surface active spots are produced when the LDPE sheets are irradiated, thus the active 
spots can enhance the surface affinity and the shear-bond strength of the LDPE sheets (comparing t ]H 
with T I R A ) ; On the other hand, the polar molecules, such as water, sodium hydroxide, methanol and 
expoxy resin, can react with the LDPE matrix at the active spots. The lvalues of the irradiated 
sheels after treated by water, sodium hydroxide and methanol are higher than that of unirradiated 
sheets as well (see Table 2-)-

Table I. \ (MPa) of LDPE sheets in BRG 

Line 

0 
1 
2 
3 

H 

0.77 
0.90 
1.21 
1.27 

I 

1.57 
1.64 
1.59 
1.62 

RH 

1.24 
1.59 
1.47 
1.51 

11 

1.97 
2.20 
2.14 
1.77 

RA 

2.76 
3.65 
3.18 
3.39 

MRG: The rate of grafting is affected by monomer concentration, radiation dose, dose rate and chain 
adjusting agent concentration in the grafting system. The reaction results are shown from Fig.l to 
Fig.4. The grafting reaction is controlled by the difussion of monomers and radicals, so the lower 
dose rate and long time is necessary for grafting (see Fig.4). Methanol is very important to inhibit 
the homopolymerization of monomers and to decrease the viscosity of the reaction system, so the 
monomers are easy to diffuse to the surface and inner of the LDPE sheets, and the grafting reaction 
is also from the surface to the inner of the LDPE sheets at the same time13. From the plots of the 
rate of swelling against the rate of grafting (see Fig.5), we get the same result as indicated 
above. The grafting system with methanol can be used again(see Table 3),but more methanol moleculors 
will inhibit the grafting reaction. From Fig. 3, we find that the best concentration of methanol as 
chain adjusting agent is about 15%(m/m). 
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Table 3. Graft% of the grafting system used once and once again 

Sample 
No. 

1 
2 
la 

r 

dose rate 
(Gy/h) 

4.8X103 

1.0X10* 
4.8X103 

1-0X10* 

dose 
(Gy) 

2.0X10* 
2.0X10* 
2.0X10* 
2-0X10* 

AC% 

40 
40 

methanol% 

15 
15 

Moh r ' s sa l t% 

0.5 
0.5 

Graft% 

6.05 
4.65 
5.58 
3.87 

a: grafting system used once again. 

Although methanol is great advantageous to grafting and can increase the rale of grafting, it is not 
advanlageous to enhance the shear-bond strength.The shear-bond strength associates with not only the 
rate of grafting but also Ihe number of the grafted function groups on the surface of LDPE sheets. 
From Table 4 and Table 5,we find that the xvalue of the LDPE sheet at lower rate of grafting(1.22%) 
without methanol in the grafting system is higher than that of higher rate of grafting (6-25%) with 
methanol, because the grafting reaction without methanol is focused on the surface of LDPE sheets. 
Certainly, the shear-bond strength of the modificated LDPE sheets which is higher lhan the tension 
strength of LDPE matrix itself has no practical use for adhension. 

a: grafting system without methanol, 

b: LDPE matrix was torn. 

Tabli e 4. x va 

Grafts 

x (MPa) 

ilues of g 

1.22 

>7.23b 

rafed samples0. 

21-35 

>7-25b 

Graft% 

x (MPa) 

Table 5. x values of grafted samples" 

0 2.78 6.25 12.81 16.51 

0.84 6-23 6.67 >7-26b >7-10b 

23-64 

>7.15b 

a: grafting system with methanol, 
b: LDPE matrix was torn. 

CO: The surface adhensivity as well as the surface affinity increased with the surface oxidization, 
but Ihe mechanical properties and surface adhensivity decreased with undue oxidizalion. From Table 6 
and Table 7, we find that the appropriate oxidizing conditions for the modification of LDPE sheets 
are 5 minutes al 65°C or 10 minutes at 55°C-

Table 6. Change of x value with temperature in CO 
(the oxidization time is 5 minutes) 

Temp. (°C) 55 60 65 70 75 

x(MPa) 5.78 6-21 6.26 6-11 6-95 

Table 7. Change of x value with time in CO 
(the oxidization temperature is at 55°C) 

Time(min) 5 10 15 20 25 

x(MPa) 6.71 7.38b 7-10 7-48b 7-00 

b: LDPE matrix was torn. 

- 4 2 1 -



JAERI-Conf 95-003 

10 20 30 
radiation dose (kGy) 

Fig.1 Effect of radiation dose on graft 
Dose rale: lX103Gy/h;Melhanol: 15%0n/m) 
AAC:40%Qn/m); Mohr's salt: 0.5%(jn/m) 

graft% 

30 

20 

10 

10 20 30 
AAC:%Cn/m) 

40 50 

Fig.2 Effect of AAC on graft 
Dose rale: 1XI03Gy/h;TotaLdose:2X104Gy 
A:with 15%Grn/m)methanol;A:without methanol 
Mohr's salt:0.5%(jn/m) 

graft% 

swe 11% 

10 20 
graft(%) 

Fig.5 Plot of graft against swell 
Methanol: 15%(jn/m);AAC:40%(jn/m) 
Dose rate:lX103Gy/h;Mohr's salt:0.5%Gn/m) 
A: Celling for lOmin.; • : Swelling for 24h. 

10 20 30 40 
methanol: %(jn/m) 

Fig.3 Effect of methanol on graft 
Dose rate:lX103Gy/h;Tolal dose^XlO'HJy 
AAC:40%(jn/m); Mohr's salt:0.5%(jn/m) 

5.0 7-5 
dose rate (kGy/h) 

Fig.4 Effect of dose rate on graft 
Total dose-^XlO^y; Methanol: 15%(jn/m) 
AAC:40%(/n/m),* Mohr's salt:0.5%0i>/m) 
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CONCLUSION 

The i values of the samples modified by BRG are 3-5 times as much as that of untreated LDPE sheets, 
and BRG method is easy to apply to industrial processing. MRG method is better for the modification 
of LDPE sheets and the i values changed with the rate of grafting, it is very suitable to modify 
some smaller samples because of the limit of their complex grafting technique and conditions. In CO 
method, the oxidizing agent, if penetrates the inner of LDPE sheets, will decrease the life-span and 
mechanical properties of LDPE sheets, and it also pollute the environment when the oxidizing liquid 
is healed. So the oxidizing agent adhering to the surface of LDPE sheets must be washed off 
completely. But the method is only suitable to processing a small amount of LDPE sheets. 
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