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Abstract: 

In both emerging and established countries, the tissue segment has grown to be one of the most important in the paper industry. 

Current industry development projects are mostly focused on enhancing product quality and performance. Finding low-cost 

methods of generating high-quality items and lowering total expenses are critical. Napkin grade of tissue paper is mostly used 

as handkerchief where softness and absorbency are critical parameters and both parameters are highly affected by creeping 

process which is dependent on coating and release chemical sprayed through boom showers. In the present study quality of 

napkin grade of tissue paper has been optimized by altering the ratio of soft coat and release and observed that combination of 

3.0 ml/m2 soft coat and 1.0 ml/m2 release chemical is the most suitable for manufacturing of high quality napkin grade tissue 

paper. 
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I.  Introduction: 

 

Tissue products are made from a dilute suspension or slurry of cellulose fibers by drainage of the slurry through a forming 

fabric to create a wet web. This web is subsequently further dewatered, dried and creped to create the tissue product. In addition 

to fiber raw materials, many chemical additives are added to the general papermaking process. These chemical additives are 

polymer electrolytes that aggregate or disperse colloidal particles to impart desired properties to the final product or process 

operation. Typical chemical additives include retention aids, strengthening agents, de-watering promoters, and formation 

improvers. These are widely used owing to their great performance, even if a small amount is added, which cannot be imparted 

only by the fiber raw material (Robert 2007, Thron and Au 2009).Tissue paper is used for the purpose of wiping liquids and 

contaminants, unlike ordinary paper. Therefore, the chemical additives that can improve wet strength, dry strength, softness, 

and absorbency are required for the hygiene paper making process (Chen et al. 2018, Miller et al. 2016, 2018, Siqueira et al. 

2015). 

A more specific aid for tissue production are wet strength resins (WSR) and dry strength resins (DSR).Paper often retains 3 to 5 

percent of its dry strength after being thoroughly wet, which is most usually called to be the support of fiber-to-fiber 

friction. Wet strength resin chemicals give the paper 10 to 50 percent of its dry strength when wet. Resins are the most widely 
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used agents. There are two methods to improve the wet strength of paper. One is ‘protective mechanism’. This ensures that the 

resins shape a shielding network all over the fibers, which then keeps the bonding from splitting apart. Another is ‘enhancement 

mechanism,’ which augment the strength of the fiber network.(balajichemsolution.com). 

Dry strength additives (DSA) are mainly polymeric long chains molecules which helps fibres tight together strongly by in a 

sense creating bridges between them or wrapping them up together.  

It is intended to increase the relative bonded strength actually rather than that of area. Dry strength additives do not only 

function as strength promoters but also help increase the retention (Jenkins, 1995). 

There are many factors contributing to the strength development in tissue paper, such as: 

  Fiber strength and length 

 Interfiber bond strength 

 Bonded area (number of bonds per unit area) 

 Sheet formation 

 Stress distribution 

This study is conducted to achieve the goal to develop Napkin grade tissue paper with accelerated productivity by application of 

chemical additives. 

Chemicals used on Yankee Dryer 

Yankee Coating Chemical Additive 

The additive is a non cross linking, water rewettable coating agent. The result of this additive is higher crepe counts, lower 

steam consumption, better reel build, and improved quality. The product provides a softer, translucent coating which allows 

more efficient heat transfer. The product should be applied in typical spray applicators across the surface of the Yankee dryer 

using nozzle design and spray pressures that will give a slight overlapping pattern, including the edges of the Yankee, to 

prevent sheet burn. 

There are three critically important performance functions that any Yankee coating must provide in both the machine and cross 

directions.  

1. The coating must facilitate protection of the Yankee surface – both from   mechanical and chemical induced defects. 

2. The coating must provide adequate adhesion between the sheet and the Yankee to support:  

a. Development of product attributes at the creping doctor blade tip.  

b. Adequate sheet control from the doctor blade to the reel to support desired speed. 

3. The coating must be 

a. Soft enough to allow doctor blade tip penetration below the sheet - coating interface throughout the life of the creping doctor 

blade.  

b. Hard enough to prevent complete blade tip penetration to avoid metal to metal contact. 

Release Additive 

This product is specially formulated for controlling the release of the sheet from the Yankee dryer. The application of this 

releasing agent is carried out with spray boom. It sprayed along with the Hard Coat / Soft Coat on the Yankee dryer. 

 
 

Figure 6.1Simplified layout of a Yankee cylinder where chemicals are sprayed onto the cylinder dryer with oscillating 

nozzles (Ref.WWW.KAU.SE) 

 
Hard Coat 

Hard coat is a Yankee coating adhesive for providing a hard coat on the Yankee dryer. It is to be applied by spray boom on the 

Yankee dryer, the application of this chemical will results in strong high tack film on the dryer. The application of this coat 

results in smooth running and desired creping of the tissue products. 
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Soft Coat 

Soft Coat is a Yankee coating adhesive specially formulated for providing a soft coat on the Yankee dryer. It is for smooth 

running of the tissue machine, Increases doctor blade life and provides excellent protection of Yankee surface. Coatings are 

adhesive compounds which facilitate the operation of the creping machines since they allow the paper to adhere to the Yankee 

dryer’s surface at the last step of the tissue paper. These are used in conjunction with a release agent that controls the hardness 

of the coating and its adhesion, allowing the demanding of the paper once in contact with the creping blade. 

 

Figure 6.2 Scheme of the creping process using a coating-release agent in the Yankee dryer (Ref.Polymer 2020) 

II.Materials and Methodologies: 

Experiments were carried out in a commercial industry. In order to properly manage the creping unit operation, it is important 

to understand the different types of Yankee coating materials (e.g. adhesives, releases, modifiers) and their impact on quality of 

tissue. The interaction of the coating-release agents with the tissue paper and the Yankee dryer leads to a complex chemistry 

that has not been fully developed. 

In addition, this interaction is affected by multiple processes such as quality of fiber, combination of wet end chemicals, type of 

blade, blade angle etc. For this reason, measurements of the effectiveness of products at the laboratory level are only 

approximate and are not necessarily reflected in the application. Therefore, the analysis that is performed during production 

goes hand in hand. The whole experiment was carried out during production of napkin grade tissue paper. Thus, the 

optimization of the application of Yankee adhesive chemical was done by starting the soft coat 1.0ml/m2 and release 0.5 ml/m2 

till doses 4.0ml/m2 of soft coat 1.5ml/m2 release. Other wet end chemicals like WSR, DSR, and OBA kept constant during the 

whole study which is mentioned in table 6.1.Test results of 15 gsm napkin grade tissue has been compared at various doses of 

coating and release chemicals. 

Machine parameters which plays significant role in the present study are mentioned in the table 6.1. 

Table 6.1 Various Machine parameters used during study 

S. No. Parameters Description 

1. Make  M/s Valmet 

2. Speed 1800 MPM 

3. Deckle Length 2.75 Meter 

4. Installed Production Capacity 90 TPD 

5. Headbox Crescent Former , Triple Layered 

6. Hood Type Gas Hood 

 

Mixed bleached pulp with combination of hard wood and bamboo were used as raw materials furnish to manufacture superior 

quality of napkin grade tissue paper. High bulk, wet strength, dry strength and absorbency are important properties of napkin 

grade tissue paper. High bulk required optimum amount of creeping which can be control by optimizing coating and release 

chemicals at Yankee dryer. 
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Table 6.2 various wet end additives and Yankee adhesive used during study 

S.No Parameters UOM Descriptions 

1. Raw material % Hard wood and Bamboo Pulp 

2. Tissue paper quality - Napkin Grade 

3. Substance g/m2 15.0 

4. WSR kg/t 10.0 

5. DSR kg/t 2.0 

6. OBA kg/t 0.5 

7. Coating(Soft Coat) ml/m2 1.0-4.0 

8. Release ml/m2 0.5-1.5 

 

Bulk determination: 

This testing provides important attributes to napkin grade tissue paper. Bulk of paper is a unit of measurement for the thickness 

in cc/gram. Piece of tissue paper kept between pressure foot and anvil and reading will be display on the digital display board 

attached to micrometer. 

Breaking length determination: 

The tissue paper specimen to be conditioned according to TAPPI T-402 sp-08 and then testing will be done by using T 494 om-

01. 

Wet strength determination:  
The wet strength is an important performance characteristics of paper that will be processed wet or that will be subjected to 

wetting, weather accidently or intentionally during use. It can be determined as per TAPPI T456. 

III. Results and Discussions 

The type of adhesive/release system used can affect the nature of the crepe off the Yankee. The additives are thermal setting or 

thermal plastic resins. The release oils are usually hydrocarbon based mixture. When the mixture is sprayed onto the Yankee, 

the heat from Yankee surface causes the release oils to migrate away from surface. All most all wet end additives will affect 

Yankee coating when a chemical additives change is made in wet end, the adhesive/release oil spray ratio may have to be 

changed to achieve desired adhesive property. Chemical characteristics of hard coat, soft coat, release, wet strength resins, and 

dry strength resins are mentioned in table 6.3 and 6.4. 

 

Table 6.3 Chemical Characteristics of Hard Coat, Soft Coat and Release 

S.No Parameters UOM Hard Coat Soft Coat Release 

1. pH - 8.5-8.9 4.0-4.5 6.0-8.0 

2. Colour - Colourless Yellow to Amber liquid Yellow to Amber liquid 

3. Nature - Cationic Cationic Cationic 

4. Total Solid % 10 20 100 (As Such) 

 

The actual amount of material applied through the boom shower in Yankee coating on the dryer is relatively low, but the impact 

is huge. It is the only process control point where materials are added with the express purpose of optimizing the creping 

process. Softness of tissue paper depends on creping process which is directly related to coating and release chemical applied 

on Yankee dryer. 

The materials applied through the spray boom are designed to be very aggressive, as their concentrations are very low, but with 

the expectation that small changes will have significant impact. Soft coat and release both are cationic in nature. Adhesive 

materials act as binders and releases/modifiers are designed to allow control of the adhesion and coating thickness, as well as 

mitigate hard coating development. pH of hard coat, Soft coat and release will be measured through pH meter and for 

determination of total solid all the chemical mentioned in the table 6.3 were kept in dish for overnight to dry in oven at 

105±2°C.Wet strength resins and dry strength are cationic in nature so it can properly bonded with cellulose fibers.  
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Table 6.4 Chemical Characteristics of wet strength and dry strength resins 

S.No Parameters UOM WSR DSR 

1. pH - 3.0 - 4.0 3.0 - 5.0 

2. Charge - Cationic Cationic 

3. Total Solid % 14.50 + 0.50% 15.50 + 0.50% 

 

In first phase of study 1.0ml/m2 of soft coat with combination of 0.5ml/m2 release dose injected at boom shower inlet and test 

results of napkin grade tissue paper was studies and compared to test results of sample manufactured by combination of soft 

coat and release respectively 3.0ml/m2 and 1.0ml/m2 and soft coat 4.0ml/m2 and release 1.5 ml/m2in third phase of study. 

Table 6.5 Comparative physical strength properties of Napkin grade tissue paper 

S.No Parameters  UOM Set I 

Napkin Grade 

Tissue Paper 

Set II 

Napkin Grade 

Tissue Paper 

Set III 

Napkin Grade 

Tissue Paper 

1. Soft Coat - ml/m2 1.0 3.0 4.0 

2. Release - ml/m2 0.5 1.0 1.5 

3. Bulk - cc/gm 4.40 4.50 4.55 

4. Breaking length  MD 
meter 

850 830 770 

CD 450 440 420 

5. Wet strength MD 
gmf /15mm 

(10ply) 

410 420 420 

CD 210 220 220 

6. Stretch MD 
% 

23.0 24.0 24.0 

CD 7.0 7.4 7.4 

7. Softness 

(TSA) 

- Hand feel 

unit 
68.0 72.0 77.0 

8. Handfeel - - Soft Very Soft Ultra Soft 

9. Formation - - Good Good Excellent 

 
Impact of soft coat and release on the napkin grade tissue paper properties is indicated in table 6.5.Significant change can be 

clearly seen in set II of napkin grade tissue paper by changing the ratio of soft coat to release i.e.3.0 ml/m2 and 1.0 ml/m2. There is 

not much disparity in physical strength properties like bulk, breaking length, wet strength and stretch of all three sets of tissue 

paper but impact of soft coat and release on hand feel and formation is clearly distinguished in table 6.5.Handfeel of napkin grade 

tissue grade paper is one of the important parameters as it can be used to clean hand, nose delicate part of human body. In case of 

IIIrd set formation are excellent and tissue paper is ultra soft in nature but strength properties are in lower side. After manufacturing 

it will pass through process of embossing where strength is required property otherwise it will get ruptured during processing. 

Napkin grade tissue paper manufacturing in second set is more suitable and superior kind of napkin tissue as per their end uses. 
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Figure 6.3 Impact of soft coat and hard coat on tissue paper properties 

In figure 6.3 it can be clearly seen that strength properties are in lower side after increasing the doses of soft coat and release in 

ratio 4.0 ml/m2 and 1.5 ml/m2which is directly correlated with softness of paper. In second set strength properties as well as 

softness and hand feel obtained are optimum which will serve our purpose.  

Conclusion 

Yankee chemistry refers to a particular material sprayed directly onto Yankee dryer. All unit operations and chemistry utilized 

in the tissue making process contribute to the formation of a functional Yankee coating. The strength of adhesion, adhesive 

materials act as binders and releases/modifiers are designed to allow control of the adhesion and coating thickness, as well as 

mitigate hard coating development and the detrimental issues. The materials that contribute most to the characteristics of the 

Yankee coating are delivered through the spray boom. Soft coat and hard coat plays significant role in napkin grade of tissue 

manufacturing where softness as well as hand feel are crucial parameters. Napkins are mostly used as handkerchief and in 

restaurants to catch any food that drop on lap while eating. Combination of coating and release directly impact the creping 

process which will impact softness and hand feel of napkin tissue paper. Soft coat and release applied through spray boom in 

three different set of tissue grades of paper. Very soft hand feel and excellent formation observed in case of napkin tissue paper 

with combination of 3.0 ml/m2 soft coat and 1.0 ml/m2 release. 
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