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Abstract – In this manuscript, a novel kind of environment-

benign water-absorbent sponge material was prepared by 

cross-linking reaction of polyvinyl alcohol and polyurethane. 

In order to obtain highly water-absorptive material with 

excellent mechanical properties, many polyurethane 

prepolymers with different percentage of free NCO group 

and viscosity were investigated to improve the properties of 

the novel sponges. Moreover, the absorptive performance, 

pore microstructure, and mechanical properties of the 

obtained sponges was characterized and measured by 

scanning electron microscope (SEM). 
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I. INTRODUCTION 
   

Water-absorbent sponge (WAS) is a special kind of 

functional polymer materials, which contains strong 

hydrophilic groups such as hydroxyl and carboxyl, has a 

certain degree of cross-linking with three dimensional 

network structure
[1]-[5]

. Due to its excellent water-

absorptive performance, WAS is widely applied in various 

fields of household, food industry, medical care, 

environmental protection, etc
[6]-[8]

.  

Traditionally and right now, industrial products of WAS 

with well water-absorptive performance are usually 

manufactured by polyvinyl alcohol (PVA) and 

formaldehyde copolymerization
[9]

. However, there are 

some drawbacks and disadvantages of formaldehyde, 

including: (a) since formaldehyde is toxic and strong 

volatile, the production of traditional WAS is health 

hazardous and environmental unfriendly
[10]

; (b) the 

performance (like hydrophilicity and water retention) and 

mechanical properties cannot meet more and more 

stringent demands of medical care and food industry; (c) 

the pore structure and high temperature resistance of 

traditional WAS should be improved.  

In this manuscript, in order to produce formaldehyde-

free WAS, waterborne polyurethane (PU) was introduced 

to PVA reactive system as the cross-linking agent. 

Therefore a novel environmental-benign water-absorbent 

sponge material was fabricated by PVA and PU 

copolymer. By adjusting the segment length of PU main 

chain and different hardness/softness group segments, the 

sponge material can exhibit different performances and 

mechanical properties. Furthermore, the effects of 

catalytic agents and blowing agents on the performance of 

the novel obtained sponge were also investigated. 

II. EXPERIMENTAL 
 

Materials 
PVA (degree of hydrolysis: 99.5%, degree of 

polymerization: 1700) was obtained from Shanghai 

Sinopharm Chemical Reagent Co., Ltd. Stannous octoate, 

dimethicone and nano-silica were all purchased from 

Aladdin Industrial Corporation, while compound modified 

by Nano silicon dioxide was prepared lab-made by 

grafting hydroxyethyl methacrylate (HEMA). And all 

waterborne PU prepolymers were provided from Bayer 

Company (German), characterized parameters shown in 

Table 1. Sodium dodecyl sulfate (SDS) , stearic acid, and 

glutaraldehyde were all of chemical purity grade, from 

domestical suppliers. 

Sample preparation 
In typical experiments, PVA-PU highly water-

absorptive sponges were fabricated as follows: 5 g PVA 

was dissolved in 25 g distilled water in a three-neck flask 

equipped with a stirrer, a condenser and a thermometer. 

The stirrer speed was maintained at 600 rpm. The 

preparation of a viscous and stable PVA solution was set 

at 95 oC for about 20 min. After dissolution, the aqueous  

PVA solution was heated and then mixed with 12 g of the 

aqueous PU prepolymer (Model T0607 or 3100), 1.0 g of 

 

Table 1. Characterized parameters of waterborne PU prepolymers 

Model Percentage of 

free NCO (%) 

Viscosity (mPa•s) Density(g/cm3) Equivalent 

weight 

Flash Point(0C) 

Bayhydur T0607 17.4±0.3 2800±800 About 1.16 -- >250 

Bayhydur 3100 17.4±0.5 2800±800 About 1.16 About 241 >250 

Bayhydur 305 16.2±0.4 6,500±1,500 About 1.16 About 260 About 230 

Bayhydur 2655 21.3±0.4 3500±1000 About 1.16 -- About 192 
 

  

app:ds:percentage%20free%20NCO
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by stirring at 1200 rpm and reacted for 10 min. At last, 

WAS with the water absorbency more than 20 g/g was 

obtain after curing at about 105 0C for 4 h. 

 

III. MEASUREMENT 
 

Measurement of water absorbency 
All samples were dried in a vacuum oven at 100 

0
C 

before any tests. After drying, the sample(10 g) was 

immersed in an excess of deionized water for at least 30 

min to reach the water absorption equilibrium at room 

temperature, and the residual water was removed by 

suction filtration with an aspirator (250 mmHg)
[11]

. The 

sponge was weighed and the equilibrium absorbency Qeq 

was calculated by the following Equation (1).  

    

wet dry

dry

=eq

W W
Q

W



                                    (1) 

where Wdry and Wwet are the weight of the the dried sample 

and the swollen sample, respectively. 

Kinetics of water absorption 
A technique based on the demand wettability (DW) 

method was adopted
[12]

. A graduated burette with an air 

inlet at the bottom was linked by a flexible tube to a plate 

covered with a metallic grid (250 mesh). After filling with 

the deionized water, the burette was closed at the top and 

air was introduced while the dry sponge absorbed water. 

The sample (10 g) of absorbent was placed on the grid, 

and the water absorption kinetics was easily measured. 

The following Equation (2) was used to calculate the 

absorbency at every time interval.  

2S H O

d

V d
Q

W


                                         (2) 

where Vs is the absorbed volume (mL) , dH2O the density of 

water (g/cm
3
), and Wd (g) is the weight of dry sample. Q is 

the characteristic absorbency .  

Measurement of water- retention capacity 
An accurately weighed product (marked W0) was 

immersed into a certain amount of deionized water and 

was allowed to soak at room temperature for at least 30 

min to reach equilibrum. The sponges were filtered and 

weighed (marked W1). Then, the sponges was placed in a 

1cm diameter centrifugal tube. The tube was maintained at 

centrifugal speed of 1500 rpm for about 5 min and then 

weighed (marked W2)
[13]

. The water- retention ratio 

(WR, %) of the sponge was calculated from Equation (3). 

1 0

2 0

(%)= 100%
 

W W
WR

W W





                               (3) 

Scanning electron microscope (SEM). 
To investigate the SEM microporous structure inside the 

sponge further, the morphologies of the fracture surfaces 

and the aperture of the samples were observed by SEM 

(Hitachi S-3700N) for samples fractured in izod impact 

strength experiments. All sample surfaces were coated 

with gold, and the sides of the samples were coated with 

copper paint to minimize charging
[14]

. 

 

 

Density 
The sample was cutting by a guillotine shear into the 

shape like a cuboid. Measured the length, width and height 

of sample and weighed. The Density of the sponge was 

calculated from Equations (4) and (5). 

            V = abc                                                      (4) 

            

m

V
 

                                                       (5) 

Where: a, b, c represent the length, width and height of 

sponge (cm). V is the volume of the sponge (cm
3
), m the 

mass of the sponge(g) , and  the density of the sponge 

(g/cm
3
). 

 

IV. RESULTS AND DISCUSSION 
 

Effect of the percentage of free NCO and viscosity of  

PU on water absorbency 
The water absorbency in deionized water measured by 

suction filtration as a function of the percentage of free 

NCO in the waterborne PU prepolymers and the viscosity 

of waterborne PU prepolymers are shown in Figures 1 and 

2, respectively.             

The effect of the degree of percentage free NCO of 

waterborne PU was identified by varying the degree of 

cross-linking from 10 to 23%. Maximum water absorption 

capacity (of 26 g/g) was obtained when the degree of 

percentage of free NCO reached 18%. Water absorbency 

increased when the degree of percentage of free NCO 

from 10 to 18%, but decreased with further increases in 

the degree of percentage free NCO. According to the 

mechanism of reaction between PVA and waterborne PU 

prepolymers(showed Equation (6))
[15]

, the effect on 

percentage of free NCO, viscosity, molecular weight, hard 

as well as soft components of waterborne PU prepolymers 

have an impact on the rate of copolymerization, gas 

evolution, spongy structure and absorption performance. 

R-NCO+R’-OH→RNHCOOR’       (6) 

We believe that, due to the increased amount of 

percentage of free NCO, the degree of cross-linking can 

also increase. However ,when the degree of percentage 

free NCO further increases, the concentration of -OH 

groups decreases, resulting in a decreased formation of 

hydrogen bonds between the -OH groups and water. This 

phenomenon causes the water absorbency of the sponge to 

decrease
[16]

. 

The variation of viscosity of the waterborne PU on 

water absorbency was studied. The results show that an 

increase in the viscosity from 600 to 2800 mPa • s leads to 

the increased water absorbency. This phenomenon is most 

likely due to the fact that, as the viscosity increases, 

segment length and the number of branched-chain 

increases as well. Thus, more cross-linked points are 

produced during polymerization, and the crosslink density 

increases, which leads to a highly cross-linked and rigid 

structure. The polymer network cannot expand enough to 

retain such a large amount of water
[17]

. Maximum water 

absorbency is achieved when the amount of viscosity is 

2800 mPa • s. But, when it is greater than 2800 mPa • s, 

http://www.sciencedirect.com/science/article/pii/S0014305705000777#fd1
http://www.sciencedirect.com/science/article/pii/S0014305705000777#fd2
app:ds:centrifugal
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water absorbency decreases due to an increase in 

hydrophobic chain segment. 

In addition, it is reported that the PU segments 

containing a strong hydrophilic group, such as carboxyl 

and hydroxyl, show great water absorbent effects; while 

PU segments that contain only aliphatic chain or other 

non-hydrophilic groups is less effective in water-

uptaking
[18]

. 
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Fig.1. Effect of percentage of free NCO on water 

absorbency of spong 
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Fig.2. Effect of viscosity on water absorbency of sponges. 

 

Effect of PU/PVA ratio on water absorbency 
The water absorbency for sponges as a function of 

different PU/PVA (Model T0607 and 3100) ratio is shown 

in Figure 3. More amount of waterborne PU prepolymers 

in foams led to increment of water removal if the sorption 

was evaluated per foam. The reason maybe the degree of 

copolymerization and the number of hydrophilic group in 

the sponge is more suitable with the increasing PU/PVA 

ratio. Water was not only distributed on the surface of 

pores, but also interact with hydrophilic groups of on the 

foams. When the PU/PVA ratio increased, the surface of 

pores and the number of hydrophilic group increase 

accordingly. Moreover, water diffusion among sponge is 

easy due to large amount of hydrophilic groups which 

generate strong hydrogen-bond interaction
[19]

. 
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Fig.3. Effect of PU/PVA ratio on water absorbency of 

sponges 
 

In addition, as the physical and chemical properties of 

different models of PU are different, the PU/PVA ratio 

could be slightly different. In this study, it can be 

determined that both Bayhydur T0607 and 3100 are ideal 

cross-linking agents .The water absorbency of sponges 

prepared by them can be remarkably improved, reaching 

more than 20 g/g, when compared with the conventional 

preparation methods of water absorbent sponge whose 

water absorbency was 6-8 g/g
[20]

. 

Effect of catalytic system on water absorbency 
Figure 4 illustrated the impact of different kinds of 

catalysts on water absorbency. It was seen clearly that the 

stannous octoate was the best catalysis for this system. 

According to the copolymerization principle of PVA and 

PU, the reaction was an essentially electrophilic addition 

reaction between hydroxyl groups and isocyanate groups, 

whereas the hydroxyl groups in H2O was more active than 

that in PVA. As for catalyst, its substance was to increase 

the extent of the reaction between hydroxyl groups and 

isocyanate groups in PVA through regulating the activity 

of hydroxyl. In PVA-PU water-absorbent sponge system, 

dibutyltin dilaurate, triethylene diamine (DABCO) and 

N,N-dimethyl-cyclohexyl amine (DMCHA) were less 

active than stannous octoate. It was reported that amines 

catalysts (such as DABCO and DMCHA) were well 

soluble in water with the relative catalytic activity about 

20
[21]

. When catalyzing , lone pair electrons of  nitrogen 

atoms could easily approach to the hydroxyl of H2O, 

therefore accelerating the reaction between isocyanic acid 

group and H2O to produce CO2, with the production of a 

lot of bubble
[22]

. However , the degree of reaction of 

hydroxyl in PVA and isocyanic acid group was not enough 

to support the formation of network structure with stable 

framework. On the other hand, the relative activity of in 

stannum (such as stannous octoate) was approximately 

540, which was much effective on selection
[21]

. Because 

the tin ion can form coordination compound with some 

segments of PU to improve catalytic activity enormously, 

the propotion of reaction between isocyanic acid group to 

hydroxyl in PVA and the hydroxyl of H2O, respectively, 

can be regulated effectively. Hence, the extent and gas 

evolution of the copolymerization can also be controlled 

effectively. 

app:ds:water
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app:ds:reaction
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Fig.4. Effect of different catalytic systems ((a) stannous 

octoate;(b)dibutyltin dilaurate; (c)DABCO ;and 

(d )DMCHA) on water absorbency. 

 

In addition, the results in Figure 5 indicated that the 

water absorbency increased with the increase of stannous 

octoate content. When catalyst is utilized in a suitable 

range, the apparent structure of the sponge, water 

absorption and mechanical properties can meet the 

requirements.  
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Fig.5. Effect of stannous octoate content on water 

absorbency 

 

Effect of spongy performance on auxiliary blowing 

agents 
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Fig.6.  Effect of content of various auxiliary foaming 

agents ((a) modified nano-sillica; (b) stearic acid; (c) SDS ; 

(d) glutaraldehyde; (e) silicon dioxide; and (f) pentane; 

g:simethicone;h:sodium polyacrylate) on absorbency of 

the sponge. 
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Fig.7. Effect of various auxiliary foaming agents: (a) 

modified nano-sillica; (b) stearic acid; (c) SDS; (d) 

glutaraldehyde; (e) pentane; (f): silicon dioxide; and (g) 

simethicone; (h) sodium polyacylate. 

 

Figures 6 and 7 showed the water absorbency and 

absorption rate in deionized water for sponges when 

adding different kinds of auxiliary foaming agents. The 

water absorbency for the modified nano-silica was the best 

among all the tested auxiliary foaming agents. It is 

reported that auxiliary foaming agents can effectively 

regulate the pore structure of sponge and improve the 

mechanical properties, such as flexibility and hardness
[23]

.  

 

Table 2: Characterization test and data statistics of Samples. 

Samples Modified nano-silica Stearic acid Glutaraldehyde SDS 

water absorbency(g/g)      27.8 22.2 18.4 18.5 

water absorption rate(g/(g·s)) 0.784 0.619 0.574 0.507 

water-retention rate (%) 40.8 35.9 34.6 31.8 

Density(g/cm3) 0.186 0.159 0.168 0.142 

Pore diameter (mm) 1.80 1.93 2.16 2.23 

 

Different kinds of auxiliary foaming agents had 

diacritical mechanisms. In addition, Table 2 demonstrated 

that the characteristics of sponges for the modified nano-

silica was flatter than that for the stearic acid, 

glutaraldehyde and SDS, which is because the modified 

nano-silica itself is a good filler, with excellent physical 
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properties. The modified nano-silica can be used as sites to 

generate well-distributed bubble. Thus, the sponge made 

by modified nano-silica possesses the smallest aperture, 

and the internal structure of which is relatively uniform 

fine. However, after grafting hydrophilic group, modified 

nano-silica could help the sponges to form better spatial 

structure, and the free hydrophilic group can further 

enhance the performance of sponge
[24]

. 

Morphology analysis (SEM) 
The porosity of a sponge can affect its water 

absorbency
[25]

.
 

Therefore the sponge microstructure 

morphology is an important property to investigate. SEM 

micrographs of PU-PVA and PU-PVA composites 

containing modified nano-silica, stearic acid, 

glutaraldehyde and SDS (all 1%) are shown in Figure 8. 

These images show that the samples have a porous 

structure. The PU-PVA composites containing auxiliary 

foaming agents (see Figure 8(b) to (e)) show a loose 

surface and are more porous (higher pore density) than 

that of PU-PVA (see Figure 8(a)). It can be concluded 

from the SEM images that the auxiliary blowing agents 

was well affected the sponge. Therefore, there was good 

interaction between the auxiliary blowing agents and the 

polymer chains. In addition, using modified nano-silica as 

an auxiliary foaming agent had significant effects on 

improving the apparent structure of the sponge and pore 

density
[26]

. Furthermore, more pores would provide more 

regions for water penetration into the polymeric network 

and give more interaction sites for the hydrophilic groups 

of the polymer network and external stimuli
[27]

. This result 

is identical with the mentioned section above. 

 

   
   

  
Fig.8. Scanning electron micrographs of sponges: (a) PU-PVA;(b) PU-PVA/ modified nano-silica; (c) PU-PVA/ stearic 

acid;(d) PU-PVA/ glutaraldehyde ;and (e) PU-PVA/ SDS. 

 

V. CONCLUSION 
 

A novel water-absorbent sponge with excellent water 

absorptive and mechanical properties was efficiently 

synthesized by PVA and waterborne PU cross-linking 

reaction. In this system, stannous octoate is utilized as a 

catalyst, and modified nano-silica is used as auxiliary 

foaming agents resulted in the increase in water 

absorbency. The maximum water absorbency for water-

absorbent sponge under optimum conditions was 28 g/g in 

deionized water. The results showed that the best 

conditions of water absorbency was that the percentage of 

free NCO in the polyurethane and the viscosity value were 

about 18 wt% and 2800 mPa 
•
 s, respectively. In addition, 

the water absorbency was increased with the increase of 

PU/PVA ratio and stannous octoate content within a 

certain range.SEM studies illustrate the PU-PVA 

composites containing auxiliary foaming agents had a 

loose and porous surface, facilitating the permeation of 

water into the polymeric network. Besides, using modified 

nano-silica as an auxiliary foaming agent had significant 

effects on improving the apparent structure of the sponge 

and pore density. 

 

ACKNOWLEDGEMENTS 
 

This work was funded by the team project of Natural 

Science Foundation of Guangdong Province (Grant No. 

S2011030001366), National Natural Science Foundation 

of China (Grant No. 21206044) and the Fundamental 

Research Funds for the Central Universities (No. 

2011ZM0045). 

 

 

 

 



 

 

 

 

 

Copyright © 2015 IJEIR, All right reserved 

612 

 International Journal of Engineering Innovation & Research  

Volume 4, Issue 4, ISSN: 2277 – 5668 

REFERENCES 
 
[1] Shukla A, Fang J C, Puranam S, et al. Release of vancomycin 

from multilayer coated absorbent gelatin sponges. Journal of 
Controlled Release, 2012, 157(1): 64-71. 

[2] Scognamillo S, Alzari V, Nuvoli D, et al. Thermoresponsive 

super water absorbent hydrogels prepared by frontal 
polymerization of N‐ isopropyl acrylamide and 3-sulfopropyl 

acrylate potassium salt. Journal of Polymer Science Part A: 

Polymer Chemistry, 2011, 49(5): 1228-1234. 
[3] Smith J A, Kellett G. Cleaning article containing hydrophilic 

polymers. Patent 7704558, USA, 2010. 

[4] Luo Z B, Lin C F, Wen X F, et al. PVA formaldehyde absorbent 
sponge preparation and research of performance. Plastics 

Industry, 2012, 40(8): 77-80. 

[5] Wen X F , Luo Z B, Pi P H, et al. The preparation method of 
polyvinyl alcohol/polyurethane high absorbent sponge. Patent 

201210313455.X, CN, 2012. 

[6] Sanguansri P, Augustin M A. Nanoscale materials development–
a food industry perspective. Trends in Food Science & 

Technology, 2006, 17(10): 547-556. 
[7] Espert A, Vilaplana F, Karlsson S. Comparison of water 

absorption in natural cellulosic fibres from wood and one-year 

crops in polypropylene composites and its influence on their 
mechanical properties. Composites Part A: Applied science and 

manufacturing, 2004, 35(11): 1267-1276. 

[8] Hodge R M, Edward G H, Simon G P. Water absorption and 
states of water in semicrystalline poly (vinyl alcohol) films. 

Polymer, 1996, 37(8): 1371-1376. 

[9] 9.Murphy C B, Fabri J O, Mahoney R P. Grease resistant 
coatings, articles and methods. Patent 7972526, US,   2011. 

[10] Ofori G. The environment: the fourth construction project 

objective. Construction Management and Economics, 1992, 
10(5): 369-395. 

[11] Wu J, Lin J, Li G, et al. Influence of the COOH and COONa 

groups and crosslink density of poly (acrylic acid) 

/montmorillonite superabsorbent composite on water absorbency. 

Polymer International, 2001, 50(9): 1050-1053. 

[12] Lee W F, Chen Y C. Effect of intercalated reactive mica on 
water absorbency for poly (sodium acrylate) composite 

superabsorbents. European Poymer Journal,l 2005, 41(7): 1605-

1612. 
[13] Berardesca E, Fideli D, Borroni G, et al. In vivo hydration and 

water-retention capacity of stratum corneum in clinically 

uninvolved skin in atopic and psoriatic patients. Acta Dermato-
Venereologica, 1989, 70(5): 400-404. 

[14] Liu Y L, Cai Z Q, Wang W C, et al. Mechanical properties and 

morphology studies of thermosets from a liquid-crystalline 
epoxy resin with biphenol and aromatic ester groups. 

Macromolecular Materials and Engineering, 2011, 296(1): 83-91. 

[15] Madbouly S A, Otaigbe J U. Kinetic analysis of fractal gel 
formation in waterborne polyurethane dispersions undergoing 

high deformation flows. Macromolecules, 2006, 39(12): 4144-

4151. 
[16] Collins B A, Cochran J E, Yan H, et al. Polarized X-ray 

scattering reveals non-crystalline orientational ordering in 

organic films. Nature Materials, 2012, 11(6): 536-543. 
[17] Song J S, Winnik M A. Cross-linked, monodisperse, micron-

sized polystyrene particles by two-stage dispersion 

polymerization. Macromolecules, 2005, 38(20): 8300-8307. 
[18] Wang G, Wang B, Park J, et al. Synthesis of enhanced 

hydrophilic and hydrophobic graphene oxide nanosheets by a 

solvothermal method. Carbon, 2009, 47(1): 68-72. 
[19] Sansam B C R, Anderson K M, Steed J W. A simple strategy for 

crystal engineering water clusters. Crystal Growth and Design, 

2007, 7(12): 2649-2653. 
[20] Po R. Water-absorbent polymers: a patent survey. Journal of 

Macromolecular Science, Part C: Polymer Reviews, 1994, 34(4): 

607-662. 
[21] Scarff C A, Snelling J R, Knust M M, et al. New structural 

insights into mechanically interlocked polymers revealed by ion 
mobility mass spectrometry. Journal of the American Chemical 

Society, 2012, 134(22): 9193-9198. 

 

[22] Becke A D, Edgecombe K E. A simple measure of electron 

localization in atomic and molecular systems. The Journal of 
Chemical Physics, 1990, 92: 5397. 

[23] Gutiérrez C, García M T, Gracia I, et al. Recycling of extruded 

polystyrene wastes by dissolution and supercritical CO2 
technology. Journal of Material Cycles and Waste Management, 

2012, 14(4): 308-316. 

[24] Sowmya S, Bumgardener J D, Chennazhi K P, et al. Role of 
nanostructured biopolymers and bioceramics in enamel, dentin 

and periodontal tissue regeneration. Progress in Polymer Science, 

2013. 
[25] Shapiro L, Cohen S. Novel alginate sponges for cell culture and 

transplantation. Biomaterials, 1997, 18(8): 583-590. 

[26] Bisi O, Ossicini S, Pavesi L. Porous silicon: a quantum sponge 
structure for silicon based optoelectronics. Surface Science 

Reports, 2000, 38(1): 1-126. 

[27] Peppas N A, Bures P, Leobandung W, et al. Hydrogels in 
pharmaceutical formulations. European Journal of Pharmaceutics 

and Biopharmaceutics, 2000, 50(1): 27-46. 


	OLE_LINK7
	OLE_LINK8
	OLE_LINK73
	OLE_LINK38
	OLE_LINK39
	OLE_LINK3
	OLE_LINK4
	OLE_LINK72
	PointTmp
	OLE_LINK5
	OLE_LINK6
	OLE_LINK68
	OLE_LINK69
	OLE_LINK79
	OLE_LINK80
	OLE_LINK74
	OLE_LINK75
	OLE_LINK86
	OLE_LINK87
	OLE_LINK195
	OLE_LINK196
	OLE_LINK60
	OLE_LINK9
	OLE_LINK10
	OLE_LINK27
	OLE_LINK28
	OLE_LINK61
	OLE_LINK62
	OLE_LINK11
	OLE_LINK12
	OLE_LINK15
	OLE_LINK81
	OLE_LINK82
	OLE_LINK40
	OLE_LINK41
	OLE_LINK16
	OLE_LINK29
	OLE_LINK83
	OLE_LINK84
	OLE_LINK19
	OLE_LINK20
	OLE_LINK85
	OLE_LINK13
	OLE_LINK14
	OLE_LINK76
	OLE_LINK17
	OLE_LINK18
	OLE_LINK25
	OLE_LINK26
	OLE_LINK71
	OLE_LINK23
	OLE_LINK24
	OLE_LINK30
	OLE_LINK31
	OLE_LINK32
	OLE_LINK33
	OLE_LINK34
	OLE_LINK35
	OLE_LINK44
	OLE_LINK45
	OLE_LINK88
	OLE_LINK89
	OLE_LINK42
	OLE_LINK43
	OLE_LINK46
	OLE_LINK47
	OLE_LINK63
	OLE_LINK64
	OLE_LINK50
	OLE_LINK51
	OLE_LINK1
	OLE_LINK2
	OLE_LINK54
	OLE_LINK57
	OLE_LINK66
	OLE_LINK67
	OLE_LINK52
	OLE_LINK53
	OLE_LINK58
	OLE_LINK59
	OLE_LINK77
	OLE_LINK78
	OLE_LINK55
	OLE_LINK56
	OLE_LINK65
	OLE_LINK70

