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Aims of the project

- Determine the predicted paper degradation due to air pollution in the library

- Determine the efficiency of control measures (filters): should the “filter
 policy” be changed ?

- Efficiency of monitoring device (OnGuard)



  

Expected levels of outdoor
generated pollutants.
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Indoor air pollution monitoring campaign

- NO2, CH3COOH, alcohols, O3, aldehydes

- passive samplers
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Zou, X. (2004).
 "During storage and shipping, nitrogen oxides
 can cause rapid yellowing and degradation of
 pulp and paper products."
 Pulp & Paper-Canada 105(3): 51-54.

Effect of NO2 on paper

Paper samples exposed to NO2 in 
ventilated chambers. Color and DP 
measurements.

=> NO2 uptake is maximised =>
worst case



  

Effect of NO2 on paper
Chemistry

Nitric acid

Reaction with lignin

yellowing

acid catalysed hydrolysis

3 NO2(g) +H2O(l) -> 2 HNO3(l) + NO (g)

(Nelli 1996)

embrittlement

Oxidation of cellulose

Bond breakage
(depolymerization)



  

Yellowing
(Zou, 2004)



  

Dose absorbed in 50 years

Depot   1300 ppm x hrs  => 15 -20% brightness reduction 

Reading room   2600 ppm x hrs => 25-30%  brightness reduction
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Bond Breakage (Depolymerization)
(Zou, 2004)

Ekamstam equation 1

DP t 
− 1

DP 0
=k ×t

k=rate of bond breakage = how many bonds between two glucosid units are broken 
per unit time is related to the change of Degree of Polymerization DP



  

BCTMP (aspen), 20 ppm NO2, 23 C, 50% RH

k=1.6 x 10-6 hr-1

1) calculate k for NO2= 3 ppb and 6 ppb

2) compare with k for depolymerization without external pollutants

k constant

1

DP t 
− 1

DP 0
=k ×t



  

k=Ae
−E
RT

1) calculate k for NO2= 3 ppb and 6 ppb 

I) 
Zou, X., T. Uesaka, et al. (1996). "Prediction of paper
 permanence by accelerated aging 1. Kinetic analysis
 of the aging process." Cellulose 3(4): 243-267.
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k=Ae
−E
RTI) 

Zou, X., T. Uesaka, et al. (1996). "Prediction of paper
 permanence by accelerated aging 1. Kinetic analysis
 of the aging process." Cellulose 3(4): 243-267.

II) A=BC×[H+] If [H2O]=const

III) [H+]=[H+]0[H+]NO2

IV) [H+]NO2 ∝[NO2](g)

V) k=k 0k 1

VI) k 1=D×[NO2](g)

k (20 ppm) =1.6 x 10-6 hr-1 
k1 (3ppb)=2.4 x 10-10 hr-1     

k1 (6ppb)=4.8 x 10-10 hr-1

1) calculate k for NO2= 3 ppb and 6 ppb 



  

2) compare with k for depolymerization without external pollutants

- No data for BCTMP at 50% RH

- Data for chemical pulps at 75% RH  (Zou 1996)

chemical pulps at 75% RH, 23 C BCTMP pulp at 50% RH, 23 C
no pollutants 3 ppb  and 6 ppb NO2

k1 =2.4-4.8 x 10-10 hr-1k0 =1.2-1.9 x 10-9 hr-1

Degradation rates are comparable!
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Simulation with IMPACT model 
http://www.ucl.ac.uk/sustainableheritage/impact/

Calculation of inside concentration as a function of:
- Outside concentration
- Air Exchange Rate
- Filter efficiency E
- Volume
- Surface of absorbing materials

How to explain the moderate NO2 reduction in filtered areas?

http://www.ucl.ac.uk/sustainableheritage/impact/
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Simulation with IMPACT model 
http://www.ucl.ac.uk/sustainableheritage/impact/

Calculation of inside concentration as a function of:
- Outside concentration
- Air Exchange Rate
- Filter efficiency E
- Volume
- Surface of absorbing materials

E=50% 

How to explain the moderate NO2 reduction in filtered areas?

Filters 1 year old at time of measurement.
Direct measurements of filter “remaining life” (Purafil) confirms need of filter exchange.

Based on filter capacity, total mass of medium, external NO2 level and AER
filters should last 7 years.

http://www.ucl.ac.uk/sustainableheritage/impact/


  

Simulation with IMPACT model 
http://www.ucl.ac.uk/sustainableheritage/impact/

Calculation of inside concentration as a function of:
- Outside concentration
- Air Exchange Rate
- Filter efficiency E
- Volume
- Surface of absorbing materials

E=50% 

How to explain the moderate NO2 reduction in filtered areas?

Filters 1 year old at time of measurement.
Direct measurements of filter “remaining life” (Purafil) confirms need of filter exchange.

Based on filter capacity, total mass of medium, external NO2 level and AER
filters should last 7 years.

 Capacity/efficiency of filters smaller than stated (expecially at low levels)

http://www.ucl.ac.uk/sustainableheritage/impact/


  

Filter costs

installation euro 8000

regular change (1/year) euro 1800/year

energy consumption euro 400 /year
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Dupont, A. L. and J. Tetreault (2000). 
"Cellulose degradation in an acetic acid
environment." 
Studies in Conservation 45(3): 201-210)

Effect of CH3COOH on 
neutral paper

Whatmsn n.1 paper samples 
exposed to CH3COOH in 
not ventilated dessicators. pH and 
DP measurements.

=> CH3COOH uptake is slow



  

Effect of CH3COOH on paper
Chemistry

acid catalysed hydrolysis
(of not acid paper)

embrittlement

minor yellowing

Bond breakage
(depolymerization)



  

Whatman n.1 paper

Problem: k is not constant!
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Slow uptake of acetic acid by paper (F. Ligterink 2010)

HAA-H +

H 2O OH -H +

Dissociation of acetic acid

Dissociation of water

K A=
[A- ]×[H -]

[HA ]

K W=[OH - ]×[H -]
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Slow uptake of acetic acid by paper (F. Ligterink 2010)

HAA-H +

H 2O OH -H +

[H +]=[A-]OH -

Dissociation of acetic acid

Dissociation of water

Charge neutrality

[HA ]=
[H +]2−K W

K A

Concentration of acetic acid in the extract= 
uptake of acetic acid by paper

K A=
[A- ]×[H -]

[HA ]

K W=[OH - ]×[H -]



  

Slow uptake of acetic acid by paper (F. Ligterink 2010)

HAA-H +

H 2O OH -H +

[H +]=[A-]OH -

Dissociation of acetic acid

Dissociation of water

Charge neutrality

[HA ]=
[H +]2−K W

K A

[HA ]
concentration in air

Concentration of acetic acid in the extract= 
uptake of acetic acid by paper

Normalized uptake of acetic acid by paper

K A=
[A- ]×[H -]

[HA ]

K W=[OH - ]×[H -]
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1) all data on a line  uptake  concentration in air

2) uptake increases with time, CH3CCOH in paper not in equilibrium → k is not constant  

Experimental geometry determines uptake



  

Decisions on filters and costs
New underground depot:

- main  HVAC unit: activated carbon filter (Camfil) +Purafil Select filter
- recirculation on floor with newspapers: Purafil Select CP Blend
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Results

- Ethanol and isopropanol used in the de-acidification process (Papersave swiss 
process)

- In B7 no books were de-acidified -> despite overpressure air mixing among floors
 through doors and staircase (during working hours each minute 1 door open)

Freshly de-acidified books



  

Results for On-Guards



  

Filter 
change

Relocation
of the collection

- generally very small corrosion increase 

- corrosion increases during major events 

- no correlation with CH3COOH concentration

- no correlation with filter change



  

Conclusions

-concentration outdoor generated gases (NO2) small both in filtered and not 
filtered areas (factor 2 difference)

- effect of this NO2 concentration on the paper degradation rate comparable 
with “natural” degradation ?

- CH3COOH concentration high in room containing the newspaper collection

- corrosion of metals (On Guard)  very small and not correlated to CH3COOH 
concentration or filter change

-overpressure does not prevent air mixing among  rooms
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