DEMYSTIFYING SILICA GEL FOR
EFFECTIVE MICROCLIMATES
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REVIEW OF ENVIRONMENTAL ISSUES



Types of Deterioration

Chemical Mechanical

Biological

http://protectheritage.com/Lisbon2011/wp-content/uploads/2011/12/Linden-frinal-corrected-reduced-file-size.pdf




Agents of Deterioration

Environmental Agents

* Incorrect relative humidity (RH)
* |ncorrect temperature

* Light

e Pollutants

https://www.canada.ca/en/conservation-institute/services/agents-deterioration.html




Incorrect Relative Humidity

1. RH too high

2. RH too low

3. Fluctuating RH

4. RH above or below an object specific
critical value

https://www.canada.ca/en/conservation-institute/services/agents-deterioration/humidity.html#tft2a







The 70/50 Debate

https://www.academia.edu/1500445/2010. The Plus Minus Dilemma A Way Forward in Environmental Guidelines




MICROCLIMATES



What can we control?

https://www.canada.ca/en/conservation-institute/services/agents-deterioration/humidity.html




What is a microclimate?




What is a microclimate?

Images (L to R):
https://www.canada.ca/en/conservation-institute/services/preventive-conservation/guidelines-collections/archaeological-
collections.html

http://vikingmetal.com/case-studies/custom-cabinets-art-museum/




CONTROLLING MICROCLIMATES



Active versus Passive

Images (L to R):

Active control unit on the back of a vitrine - https://www.collectioncare.org/museum-microclimates-line-course
Xergy’s Xumidor unit controlling the environment in a vitrine

Silica gel chamber under a vitrine displaying archaeological metals

Oxygen absorber and desiccant RP System sachets used by conservator Ellen Carrlee for post-treatment control
https://ellencarrlee.wordpress.com/2013/06/13/shipwreck-doll/

S




Active versus Passive: How do | choose?

* Humidity level and range desired

« Ambient conditions

* Enclosure size

 Enclosure materials

» Leakage rate

e Exhibition duration

« Composition and size of the artifact
» Resources




Active versus Passive

Active

v'Large and/or leaky enclosures

v'Substantial difference in the
desired climate from the
ambient

v'Long-term need
v'Power source is available
v'Higher level of resources

: How do | choose?

Passive

v'Small and/or tight enclosures
v'"Moderate or dry environment

v'Buffering versus changing the
environment

v'Short or long-term needs
v'"No power source
v'Limited resources



OVERVIEW OF SORBENTS



Materials for Passive Control



Materials for Passive Control - Salts

https://www.conservationphysics.org/mm/shiner/shiner.pdf




Materials for Passive Control - Salts



Materials for Passive Control — Activated clays



SILICA GEL - THE NITTY GRITTY



Materials for Passive Control — Silica Gel

https://commons.wikimedia.org/wiki/File:SilicaGedlinghi@82529.ipg




Materials for Passive Control — Silica Gel



Silica Gel Format & Types



Buffering

L: Weintraub 2002, p. 2
R: https://www.imagepermanenceinstitute.org/resources/newsletter-archive/v20/ipi-research-equilibration



Equilibrium Moisture Content

L: Weintraub, 2002, p. 2
R:



Buffering Capacity — M Value

* M value - the amount of water (in grams) that is gained or lost
by 1 kilogram of silica gel for each 1% change in RH.

* Variables affecting M include:
* The point along the EMC/RH isotherm at which it is measured.
* The magnitude of the RH range used to determine M.
 Whether it is measured along the adsorption or desorption isotherm.
* Hysteresis

Weintraub, 2002 p.4



What the @S*#% is Hysteresis?!



Buffering Capacity — M, Value

* Since the M value can change based on whether the gel is
adsorbing or desorbing moisture (i.e.hysteresis), we can use

M, value to take this into account.

* M, value - the average amount of water (in grams) that is
gained or lost by 1 kilogram of silica gel for each 1% change in
RH.

* The () designates that hysteresis is accounted for within the
specified RH range.

* A higher M, value indicates a higher buffering capacity.

Weintraub, 2002 p.4



Buffering Capacity of Different Gels

* A-type - Good moisture adsorption capacity between 0-50%
RH. Above 50% RH, the capacity to adsorb moisture

diminishes.

*B-type and C-type - Low moisture adsorption capacities below
70% RH and are not appropriate for humidity buffering
applications below 70% RH.

*High-Performance Silica Gels — Special gels with good
buffering characteristics between 0-70% RH. Examples include

RHapid Gel, ArtSorb and PROSorb.




Buffering Capacity — HP versus RD

1

Jean Tétreault and Paul Bégin, 2018
https://www.canada.ca/en/conservation-institute/services/conservation-preservation-publications/technical-bulletins/silica-




Buffering Capacity — M, for A-Type Silica Gel

40-50% | 45-55% | 50-60%

My,  6.0-50 35 2.5 1.5 1.0



CALCULATING AMOUNTS



How Much Do | Use?




How Much Do | Use?




How Much Do | Use?

Jean Tétreault and Paul Bégin, 2018
https://www.canada.ca/en/conservation-institute/services/conservation-preservation-publications/technical-bulletins/silica-
oel-relative-hiimidityy h+tml#a11hb




How Much Do | Use?...and how much will it
cost?



How Much Do | Use?




USING SILICA GEL



Common Mistakes




Accessing Sorbents

Exhibit Conservation Guidelines CD-ROM, 1999 National Park Service



Air Circulation

Exhibit Conservation Guidelines CD-ROM,
1999 National Park Service



Case Construction




Circulation




Silica in the vitrine

Exhibit Conservation Guidelines CD-ROM,
1999 National Park Service



Installing




Installing




Silica Gel In Action

!




Monitoring — Indicating Gels

Low RH High RH

Low RH High RH



Health & Safety

* Non-toxic and non-reactive under normal conditions.

e Avoid contact with high heat or strong acids Hazardous
decomposition products:

* Health Effects Inhalation: Synthetic amorphous silica gel
has little adverse effect on lungs when exposure is kept
below the permitted limits but dust can aggravate
medical conditions e.g. asthma.

e Eye Contact: Dust may cause discomfort and mild
irritation.

» Skin Contact: Dust may have a drying effect on the skin

» Carcinogenicity: Amorphous silica is not carcinogenic to
humans but additives such as color indicators like blue
cobalt dichloride are.



Monitoring — Humidity Indicator Cards

http://resources.conservation-us.org/wp-content/uploads/sites/8/2015/03/0sg021-06.pdf




Monitoring — Thermohygrometers & Dataloggers



Monitoring




Drying Gel




Reconditioning Gel




Reconditioning Tips
* Spread the gel as thin as possible.
* Use a fan to circulate air around the gel.

* Periodically mix the gel layers to improve uniformity.

* Allow time for moisture to equilibrate within and between the gel beads,
especially if beads with different moisture contents are mixed together.

* Do not add water directly to gel as it can cause cracking of the beads.

Weintraub, 2002, p. 12



Checking Dryness




Checking Dryness




Storing Gel




SUMMING UP



Technical Resources

 Silica Gel: Passive Control of Relative Humidity — Technical Bulletin
33, Jean Tétreault and Paul Bégin, Canadian Conservation Institute
https://www.canada.ca/en/conservation-institute/services/

conservation-preservation-publications/technical-bulletins/silica-gel-
relative-humidity.html

* Demystifying Silica Gel, Steve Weintraub, Art Preservation Services
https://docs.wixstatic.com/ugd/

cb7feb 1cb7f80734314e3ebbfa3fdd0de514e8.pdf




Vendors

* Art Preservation Services https://www.apsnhyc.com/

e Carr McLean (Canada) https://www.carrmclean.ca/

* Gaylord https://www.gaylord.com/

» Keepsafe Microclimate Systems http://www.keepsafe.ca/

* Long Life for Art (Europe) http://www.cwaller.de/english.htm

* SmallCorp https://www.smallcorp.com/

* Talas https://www.talasonline.com/

* University Products https://www.universityproducts.com/

Inclusion or exclusion in this listing does not constitute an endorsement or approval of company or material
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QUESTIONS?
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