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Bonding  

• Covalent bonding 

 

 

 

• Hydrogen bonding  



Role of dry strength additives 

• Improving hydrogen bond by more 
hydrogen bond through dry strength 
additive 

 

• What will happen when it is wetted? 



Wet strength additives  

• Polymeric materials impart wet strength 

 

• A curing step 

 

• Another layer of complexity in wet end 
chemistry  

 

• Major strength source of paper: hydrogen 
bonding  lose fiber to fiber hydrogen bond 
when wet 

 



Definition of wet strength paper  

• Retain more than 15% of their dry strength 
when saturated with water 

 

• Temporary wet strength 

 

• Permanent wet strength  

 

• Table 9-1 Typical grades of paper that 
require wet strength  





Wet strength mechanisms  

 

• Add to, or strengthen, existing bond  

 

• Protect existing bonds 

 

• Form bonds that are insensitive to water 

 

• Produce a network of material that 
intermingles with fibers 

 



The need for curing wet strength additives  

 

• The most wet strength resin require a curing 
stage before they become effective. 

 

• Even though curing does not occur in the 
paper machine wet end, curing influenced 
strongly by the chemical characteristics of the 
sheet and, because of this, curing can be 
controlled to be a wet end chemistry matter 



Wet strength resins  

 
• It must be polymeric and provide mechanical strength to protect 

fiber-fiber bonds against swelling and disruptions 
 

• It must be cationic and provide attraction to negative cellulose 
fibers needed for rapid and complete retention 
 

• It must be water-soluble or water-dispersible to insure uniform 
distribution throughout the furnish 
 

• It must be chemical network-forming (usually thermosetting) 
and provide paper with resistance against swelling by water  



Urea-formaldehyde resin 

• Cross-linking of dimethylourea 

 

• Use of UF resins in the paper mill 

– Acid curing resin 

– Alum or other acidic medium are required 

– 0.5-3.0% of UF resin depending on the wet 
strength  

– In acid paper making with alum and rosin sizing: 
alum+ rosin  UF resin addition  

– 5-15min at 104℃ 



Urea formaldehyde 





Melamine-formaldehyde resin  

• Methylol melamine 
 

• The formation of ether and methylene cross-links are important 
in the development of wet strength 
 

• High temp and low pH  promote cross-linking reactions 
 

• Less than 1% to 5% addition: depend on the required wet 
strength level (most grade:1-3%) 
 

• Addition point: as close as headbox  still allowing time for 
uniform distribution and adsorption. Avoid put at refiners and 
Jordans 
 

• Optimal pH: 4.5-5.3 









Neutral or alkaline curing 
polyamide wet strength resins  

• Polyamide-neutral or alkaline curing 

 

• Epichlorohydrin to polyamide  

 

• Cationic character and reactivity of wet strength resin 
– The reaction of an azetidinium group in one molecule with a 

secondary amine group in another molecule, to produce a 
cross-link between the two molecules 

– At least two azetidinium groups on a single resin molecule 
react with carboxyl groups on two different fibers to produce 
an intefiber cross-link 





Use of polyamide epichlohydrin 
resins in papermaking  

• PAE: thermosetting resin 

 

• Preferred pH range: 6-8 

 

• Highly cationic incompatible with practically all 
types of anionic materials 

 

• Higher pH than optimal  self-condensing reaction 

 

• PAE addition point: well separated from anionic 
addition points  



Factors affecting performance of 
wet strength resins 

• Resin retention 

 

• Resin curing-high retention rate is insufficient 
to insure effective performance 

 

• Resin, fiber, chemical environment determine 
the resin retention 

 

• Properly curing in dry end  





Factor affecting the adsorption of 
wet strength resins by pulp fibers 

 

• Pulp carboxyl group content 

 

• Pulp consistency and contact time  

 

• Resin dilution 

 

• Pulp refining 

 



Effect of the chemical environment on 
resin performance 

• Effect of chlorine residue on PAE resin 
performance 

 

• pH 

 

• Stock temperature and PAE performance 

 

• Interfering substances 











Effect of drying temperature on PAE curing  

• The effect of curing temperature on the rate and 
magnitude of wet strength development 

 

• The practical implications are that the drying program 
on paper machine has a profound effect on the 
curing rate and final wet strength level obtained. 

 

• A machine producing a given grade to the same final 
moisture content may nevertheless obtain different 
wet strengths results if dryer section drying times and 
temperature differ between grade runs. 
















