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Balance of Forces

• flocculate free ink particles 
• have them adsorbed onto rising bubbles 
• prevent ink re-deposition onto the fiberprevent ink re deposition onto the fiber 
• prevent adhesion of fibers on froth.  
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Detergency (assists detachment, may 
interfere with bubble attachment)interfere with bubble attachment)
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Surfactants StudiedSurfactants Studied

Alkyl phenol ethoxylate (APE) y p y ( )
Alkyl (C10-C16) mono and 
oligomeric D- glucopyranose 
Protein-based surfactant fromProtein based surfactant from 
soybean
Commercially formulated 
surfactant blendsurfactant blend



Quartz Crystal Microbalance

Frequency change (∆f): related to the mass of the attached film



QCM ResultsQCM Results

Surfactant solution 
injected around 
500 s500 s
Rinsing with water 
at about 2500 s 
Commercial 
surfactant had 
lowest affinity tolowest affinity to 
model ink film Type

Amount
adsorbed (ng)

Surfactant
released (ng)

Commercial 10.1 11.3

Synthetic 12 8 3 0Synthetic 12.8 3.0

Protein-based 13.6 3.1

Sugar-based 12.4 3.7



Flotation Deinking ExperimentsFlotation Deinking Experiments

Pulping 3% K, 10 min, 50 C, Tappi 
Disintegrator
Flotation Wemco Lab Cell 1% KFlotation Wemco Lab Cell, 1% K, 
RT, stopped when foam 
production ceased, ranged from 
60-210 s
Image Analysis, Scanner system, 
0.007 mm2 smallest particle size 0 00 s a est pa t c e s e
considered
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Flotation Deinking: Results
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•Foamability has a strong correlation with removal efficiency, y g y,
independent of yield considerations



Flotation Results: SelectivityFlotation Results: Selectivity
Surfactant Added in Flotation CellSurfactant Added in Flotation Cell
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Flotation Results: SelectivityFlotation Results: Selectivity

Methods to distinguish differences in  adsorption, 
desorption and detergency of  surfactants 
demonstrated
Foamability correlated with removal efficiency
Sugar containing surfactant had high selectivity 
and the protein based surfactant had low 
selectivity



Development of Fast Sensors for  
Automatic Recovered PaperAutomatic Recovered Paper 
Sorting

PI:  Richard A. Venditti and M. K. (Ram) Ramasubramanian

Industry Partners: Weyerhaeuser (Tom Friberg) 
MSS (Michael Grubbs)

Industrial Technologies Program Forest Products, 
DOE Award No. DE-FC36-00ID13880 



Lignin SensorLignin Sensor
The sensor measures lignin 
fluorescence at 630 
nanometers when excited in 
the visible region, 532 
nanometers, green.

Newsprint samples with highNewsprint samples with high 
lignin, produce high intensity.

Ledger printing and writingLedger printing and writing 
grades with low lignin content 
produce low-fluorescence 
intensityintensity.



Lignin Fluorescence from 
Newsprint

Fluorescence Spectra of Newsprint andFluorescence Spectra of Newsprint and 
White Ledger
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Sensor performance with 
moving samplesmoving samples 
(495 fpm)



Stiffness sensor:Stiffness sensor:



Pilot plant trials of stiffness 
sensorsensor

Static Test
Dynamic Test
Conveyor speed = 280 ft/min



Dynamic test resultsDynamic test results
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IR Thermography sorting:g p y g

• Heating paper samples to 100 C
• Positioning under ThermoVision ® A20M Infrared Camera• Positioning under ThermoVision ® A20M Infrared Camera  
• The camera records temperature over time

•(Complete information can be found at 
•http://www.flirthermography.com/cameras/infrared_camera_complete/1032/ )



Thermography characteristics:g p y
Cooling Profiles
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ImplementationImplementation

A sensor-based 
sorting system by MSS 
has been 
commercialized 
15 tons per hour
Sorts white coloredSorts white, colored, 
newsprint 
Conveyor, sensors 
and pneumatic 
actuators for sorting
Color, gloss, NIR, and , g , ,
lignin sensor



ConclusionsConclusions

Lignin content based sorting has been 
incorporated into a commercial 
operation

Stiffness and Thermography can also 
be used as an input for paper 
characterization



Low Cost Conversion of Industrial Sludges to Ethanol

• Biofuels Center of North Carolina 
• Demonstrate an effective technology to convert industrial 

papermaking sludge as a cost effective feedstock for thepapermaking sludge as a cost effective feedstock for the 
efficient biochemical biomass conversion to ethanol

• Need to develop separation processes to remove 
inorganics from fibers/finesinorganics from fibers/fines

CaCO3 useful for soil 
amendment But fiberamendment. But fiber 
is detrimental.

Carbohydrate useful 
for ethanol feedstock

Papermaking Sludges

for ethanol feedstock. 
CaCO3 is detrimental.


