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Fire an d  Ice:

A  Soot Rem oval Technique U sing D r y  Ice Blasting

by Randy Silverman

Preservation Librarian 
University of Utah 
USA

"To sa y  th a t  fo r  d e s tru c tio n  ice  

Is also g r e a t

A n d  w o u ld  su f fic e ."  Robert Frost(1)

South side o f the Sevier County Recorders Office showing 
roof construction; welding occurring in the building's attic 
caused the fire.

I n t r o d u c t i o n T h e  P r o b l e m

A welder 's spark touched  off th e  attic fire in th e  Sevier 
County Recorders Office (Richfield, Utah, USA) on
2 May 2006, igniting a blaze th a t  ripped th ro u g h  th e  
crawl space and  greedily consum ed th e  building's 
paper-backed insulation. The fuel readily spent,  th e  
fire burned  itself o u t  15 minutes later, sparing th e  
structure bu t coating  everything below  th e  rafters 
with fine, powdery soot.
This carbonaceous residue filtered dow n th ro u g h  th e  
ceiling tiles and  settled  on everything in th e  offices 
below, including th e  historic cour thouse  record books 
stored  horizontally on metal rolling shelves within th e  
vault. Approximately 300 n ine teen th -  and  tw en t ie th -  
century fu ll- leather spring-back sta tioners ' bindings, 
many covered in protective w h ite  canvas jackets, w ere  
un touched  by th e  fire bu t  im pregnated  with a layer of 
soot and  reeked of smoke.

Front o f the Sevier County Recorders Office (Richfield, Utah, 
USA) on 9 May 2006, one week after the fire.

Among commercial disaster firms in th e  U.S., th e  cur­
rent s tandard  for  removing soot's grim, grey residue 
from books is to  w ipe dow n th e  covers with a 'chemi­
cal', or  natural rubber  sponge,® and  th e n  'ozo n a te '  
th e  books to  el iminate th e  residual smoky odor. This 
approach leaves much to  be desired. While th e  sponge 
does t rap  much of th e  fine, carbon-laden particulate 
in its tan ,  rubbery surface, it also quickly fills with resi­
due. Recovery workers must constantly ro ta te  the ir  
sponges to  expose unused areas to  th e  grime and 
th ro w  spen t sponges away as they  are not readily 
cleaned. The wiping process itself forces some of th e  
fine, dark soot particles back into th e  interstices of th e  
material being cleaned, especially w hen  th a t  surface is 
as porous as th e  open  w eave  of canvas book jackets.

Trapped soot becomes m ore intractable with t im e as 
th e  polymerized and  dehydrogen ized  byproducts of 
th e  fire chemically bond to  the ir  surroundings.(3) The 
friction of wiping also causes som e portion of th e  
sponge 's  soft rubber  to  transfe r  to  th e  book's surface,

1 Frost, Robert, "Fire and Ice," Collected poems, prose, and plays (New 
York: Library of America, 1995): 20

The principle source for natural rubber sponges (stock #60142) is: Quality
Rubber Co, 415 Metallic Lane, Sedalia, M065301, USA. Tel. 660-826-4641; 
toll free, 800 597-9947.
On the long-term problems of soot removal from cultural property, see: 
Roberts, Barbara, et al. "An Account of the Conservation and Preservation 
Procedures Following a Fire at the Huntington Library and Art Gallery", 
Journal of the American Institute for Conservation 27:1 (Spring 1988): 1-31 ; 
Spafford-Ricci, Sarah, and Graham, Fiona, "The Fire at the Royal 
Saskatchewan Museum, Part 1: Salvage, Initial Response, and the 
Implications for Disaster Planning", Journal of the American Institute for 
Conservation 39, n°1, (Spring, 2000): 15-35, and, Spafford-Ricci, Sarah, and 
Graham, Fiona, "The Fire at the Royal Saskatchewan Museum, Part 2: 
Removal of Soot from Artifacts and Recovery of the Building", Journal of 
the American Institute for Conservation 39, n°1 (Spring, 2000): 36-56.
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t rad ing  one  unstable residue for ano ther .(4) Finally, 
exposing 'c leaned ' books to  o zone  to  reduce th e  resi­
dual sm oke odo r  causes fu r th e r  degradation .  A strong 
oxidizer, ozone  aggressively breaks dow n paper, cloth, 
leather, and  adhesives while it decom poses th e  o rg a­

nic com ponen ts  of th e  sm oke -  a highly undesirable 
t rad e o ff  for books of historic significance m a nda ted  

by law to  be m ain ta ined  in perpetuity.

In short,  soo t  is an extremely tenac ious material to  

remove. Unlike dust,  it is a solid/liquid residue com po­
sed of carbon suspended  in an oily founda t ion  of par­

tially consum ed com bustion byproducts. The carbon 
within these  t a r  droplets  is so fine -  1 $ m  in diameter, 
or approxim ately  1/50 th e  w id th  of a hum an  hair -  it 
is readily dispersed by th e  "pressure and  buoyancy 
c reated  by th e  hea t  of th e  fire" and  aerodynamic 
conditions such as "stack effect,  wind pressures, th e  
building geom etry  and  its barriers (such as walls and 
floors), and  ventila tion practices."(5) Soot's fine pow ­
der  coats every exposed surface, pene tra t ing  even th e  
tiniest crevices and crannies, anchoring th e  carbon 
with oily tars  w here  it lands. Removal a t tem p ts  by 
wiping, even with  an absorbent,  fleshy material such 
as th e  above-m entioned  natural rubber  sponge, inevi­
tably smears w ha tever  soot does no t  bond  to  th e  
sponge, compressing and  em bedd ing  th e  diminutive, 
greasy specks fu r th e r  into th e  surface and  making 
th e m  m ore difficult to  remove. As soot ages, it chemi­
cally cross-links to  th e  material it is in contac t with, 
making immediate cleanup th e  optimal course of choice.

Vacuuming with  a high efficiency particle (HEPA) fil­
t e r  in ta n d e m  with  m anual wiping can help, bu t alone 
it is actually less effective th a n  wiping with an absor­
b en t  material. In th e  1997 Saskatchewan (Canada) 
Museum fire, fo r  example, Spafford-Ricci and  Graham 
repor t  th e  soot removal protocol used for  book clea­
ning included an initial vacuuming of th e  book's bin­
ding, fo llow ed by a se p a ra te  vacuum ing of th e  tex t  
block. Care was ta k e n  no t to  touch  th e  surface of th e  
books with  th e  vacuum's nozzle as this con tac t  would  
push soot into th e  w oven  fabric o f  th e  bookbindings. 
After vacuuming, th e  second phase  of this cleanup  
included mechanically w iping th e  book's surface with 
rubber  sponges or  Webril® Wipes (a felted, nonw oven  
100% co t ton  pad com monly used in th e  printing 
industry  fo r  n o n -ab ras ive  c lean ing  of  p r in ting  
plates).(6)

4 See: Moffatt, E., "Analysis of 'chemical sponges' used by the commercial fire 
cleanup industry to remove soot from various surfaces", IIC-CG 
(International Institute for Conservation - Canadian Group) 17/3 (1991): 9-10.

5 McKinnon, Gordon P. and Keith Tower (eds.), Fire protection handbook,
14th ed. (Boston: National Fire Protection Association, 1976): 2-19; 2-27.

An in terior office w ith  evidence o f smoke damage on the 
walls.

Eliminating residual smoke odor  from objects follo­
wing soot removal is th e  next tho rny  problem. In addi­
t ion  to  simply spraying scents to  mask th e  odor, a t pre­
sent, th re e  approaches p redom ina te  within th e  fire 
recovery industry: chemical deodoriz ing, the rm al d e o ­

dorizing, and  ozone  t re a tm e n t .  Unfortunately, all 
th re e  have serious drawbacks w hen  dealing with  cul­
tural her i tage  material.
Chemical deodoriz ing eliminates odors th ro u g h  a che­
mical reaction occurring w hen  th e  chemical fum es of 

th e  product com e into contac t with smoke residue. 
These deodorizers com e in a w ide range  of extremely 
pu n g e n t  fragrances designed to  'purify' air spaces ran­
ging in size from 1,000-20,000 cubic feet. Some of 
these  form ulations are  applied as a the rm al fog; 
o thers  are  simply diffused from th e  source container. 
The long-term effects on cultural property  of these  

proprie tary form ulations have no t been  analyzed. 
M ore broadly, however, d e le te r io u s  effects  from  
gaseous pollu tants  -  particularly sulphur dioxide (S02), 
oxides of n itrogen  (NOx), and  o zone  ( 0 3) - have been 
well docum en ted  with paper, leather, textiles, dyes,

6 Spafford-Ricci, Sarah and Graham, Fiona, "The Fire at the Royal 
Saskatchewan Museum, Part 2: 48-49.
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pigments, inks, adhesives, and  pho tograph ic  film.(7> 
Introduction of gaseous chemicals for  deodoriz ing 
purposes is no t  recom m ended  until the ir  long-term 
effects can be tes ted .

Thermal oxidation deodoriz ing is a second approach 
used to  e liminate volatile organic com pounds  (VOCs) 
from th e  am bien t  air. Essentially, th e  system is an 
a f te rbu rner  th a t  draws w orkplace air th ro u g h  a com ­
bustion  c h a m b e r  w h e re  VOCs are  incinerated.®* 
Principally used in industrial settings to  deal with 
gaseous byproducts from petrochemicals, printing, 
paint,  food, sew age  and w aste  t r ea tm e n t ,  application 
of this technology  to  reduce smoke odors em ana ting  
from her itage  materials has no t yet, to  my knowledge, 
been  a t tem p ted .

Finally, o zone  is commonly used to  t r e a t  sm oke odors 
in affected  household  and  office objects. This t r e a t ­
m en t includes creating  copious am oun ts  of 0 3 with an 
electric ozone  g en e ra to r  and sequester ing  th e  smoke- 
d am ag e d  material in a confined space with th e  gas. 
Unfortunately, while 0 3 eliminates sm oke odors, in 
high concentra tions, 0 3 is bo th  harmful to  hum an 
health® and an aggressive oxidizer known to  d e le te ­
riously impact a w ide range  of cultural he r i tage  m a te ­
rials, as no ted  above .(10) Hence, despite  its com m on use 
for less significant objects, 0 3 should be avoided.

At present,  th e  only safe approach  to  removing smoke 
odors from cultural material is to  isolate th e  smoke- 
ta in te d  objects in a room with an opera ting  air purifi­
cation system th a t  contains activated carbon, zeolite, 
and /or  potassium p e rm a n g a n a te  filtration. Continu­
ously re-circulating filtered air past th e  objects will 
reduce smoke's lingering o do r  gradually over t im e if

7 Committee on Preservation of Historical Records, National Materials 
Advisory Board, Preservation of historical records (Washington, D.C.: 
National Academy Press, 1986): 11-31; Baer, Norbert S., and Banks, Paul, 
"Indoor air pollution: Effects on cultural and historic materials", 
International journal of museum management curatorship 4 (1985): 9-20.

8 Thermal Oxidation Deodorizing Machine, by Osaka Gas Engineering 
Co., LTD, recovered from the world wide web 25 May 2006: 
<http://www.gecj p/CTT_DATA/AI R/AI R_ 5/html/Ai r-159. html>

9 U.S. Environmental Protection Agency, "Ozone Generators that are Sold 
as Air Cleaners: An Assessment of Effectiveness and Health 
Consequences", recovered from the world wide web 25 May 2006: 
<http://www.epa.gov/iaq/pubs/ozonegen.html>; U.S. Environmental 
Protection Agency, air quality criteria for ozone and other photochemi­
cal oxidants, EPA-600/8-78-004 (Research Triangel Park, North Carolina: 
U.S. Environmental Protection Agency, 1978).

10 Bogarty, H., Campbell, K. S., and Appel, W. D., "The oxidation of 
cellulose by ozone in small concentrations", Textile research journal 
22 (1952): 81-83; Cass, Glen R., Druzik, James R., Grosjean, Daniel, 
Nazaroff, William W., Whitmore, Paul M., and Whittman, Cynthia L. 
Protection of Works of Art From Atmospheric Ozone, (Los Angeles:
The Getty Conservation Institute, 1989). Full text available at: 
<http://www.getty.edu/conservation/publications/pdf_publications/alph 
a_author.html>; Salvin, V. S., "Ozone fading of dyes," Textile chemist 
and colorist 1 (1969): 245-251. Shaver, C. L., Cass, Glen R., and Druzik, 
James R., "Ozone and the deterioration of works of art," Environmental 
science & technology 17 (1983): 748-752.

Record book storage vault w ith  metal roller shelving; a tem ­
porary positive air ventila tion system is set up to  help w ith  
soot extraction.

th e  material can be well exposed to  th e  air flow. An 
inexpensive alternative is to  place small am ounts  of 
material in relatively airt ight enclosures (such as a 
large, sealed plastic g a rb a g e  bag) in close proximity to  
la rge  q u an t i t ie s  of exposed  baking  soda. Either 
approach  may ta k e  tw o  to  th re e  m onths to  w ork  with 
th e  key being to  exposure th e  impacted  material to  
t h e  a b s o rb e n t  m edia.  Michael Trinkley reports:  
"Records which survived th e  1906 San Francisco fire 
and  are  to d ay  in th e  [U.S.] National Archives still smell 
strongly of sm oke -  over 90 years latter.";(l1) a condi­
tion  possibly exacerba ted  by th e  lack of air exchange.

S e v i e r  C o u n ty

In th e  af te rm ath  of th e  Sevier County Recorders Office 
fire, a non-dam aging alternative to  th e  current clea­
ning options seem ed desirable. Invited by th e  responsi­
ble commercial recovery company to  serve as a consul­
ta n t ,03 I suggested  dry ice blasting as an interesting 
possibility. Dry ice blasting has proven its utility in a 
variety of industrial applications over th e  past decade 
including dispatching paint from decorative metalwork; 
cleaning dirt from brick, granite, marble, onyx, or o the r  
stone materials; stripping built-up w et  or dry ink from 
printing presses; removing fused dust from electrical 
turbines, gene ra to r  windings, and transformers; and 
rem ed ia t ing  mold from  building in teriors .03' 
Additionally, th e  system is portable and can be powered 
by an electric generator, adding significantly to  its 
merits since th e  County Recorder would not permit th e  
dam aged  books to  leave th e  Recorders Office.

The process works by shaving solid blocks of dry ice

11 [Trinkley, Michael], Chicora Foundation, "Fire" [ca. 16 June 2003], 
recovered from the world wide web 24 May 2006: <http://www.chico­
ra. org/f ire. htm>

12 Utah Disaster Kleenup (13081 South Minuteman Drive, Draper, Utah 
84020 USA; tel. (801) 553-1010; <http://www.utdk.com/index.php>) is 
the commercial firm responsible for this recovery.

13 C02LDSWEEP Dry Ice Blasting, brochure (n.p; n.d, c. 2006).
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(frozen C 02) into granules ranging in size from  th e  
d iam ete r  of sugar  to  th e  shape of rice, depend ing  
upon  th e  application. These granules are propelled in 
a com pressed air stream  of 30-300 PSI aga inst th e  sur­
face to  be cleaned. Dry ice blasting is considered com ­
pletely non-abrasive w hen  used on surfaces harder  
th a n  frozen C 0 2, bu t  can be used to  'an t ique '  w ooden  
siding by differentially ab rad ing  th e  softer, pithy 
w ood  and leaving th e  grain. Frozen C 02 pellets em erge 
from th e  nozzle a t  -78°C, dramatically lowering th e  
surface te m p e ra tu re  of th e  media being c leaned and 
causing incremental shrinkage. This contraction  occurs 
simultaneously as th e  C 02 sublimates to  its gas phase, 
expanding approxim ately  80-800 times its original 
size. These multiple forces -  contraction  d ue  to  cold, 
tu rbu lence  caused by rapid sublimation, and  pressure 
from th e  compressed airstream -  occur simultaneously. 
As th e  m inu te  dry ice particles p e n e tra te  th e  intersti­
ces of th e  media being cleaned, th e  C 0 2 sublimates 
leaving only 'dirt '  as th e  residual byproduct.

As a p repara tory  s tep  to  a t tem p tin g  to  remove th e  
soot from Sevier County's record books using dry ice 
blasting, a couple of expendab le  m odern  publishers' 
bindings w ere  first tes ted .  With th e  dry ice crystals 
g round  sugar-fine, th e  PSI set to  a minimum (30 PSI), 
and  th e  compressed air nozzle held far en o u g h  from 
th e  books to  prevent abrasion (15-18 inches), a local 
applica tor04* expertly c leaned these  mock ups while I 
m o n ito red  th e  effect. The app l ica to r  played th e  
machine 's05' spray of C 0 2 granules in a steady sweep 
across th e  bindings, his experience essential to  p re­
venting dam age .  The techn ique  w orked  flawlessly, but 
w e also discovered th a t  to o  long a focus on one  spot, 
or allowing to o  little distance be tw e en  th e  nozzle and 
book's surface, could remove dye from th e  cloth or 
gold foil s tam ping  from th e  cover. W e also found  th a t  
older, hand  tooling (both hand s tam ping and  decora­
tive lines run with a roll) p resen ted  no problem  in th e  
cleaning, suggesting  th a t  m odern  titling on mass m ar­
ket books is far  m ore friable th a n  earlier handwork. 
Similarly, directing th e  dry ice nozzle directly a t  th e  
edges of th e  tex t  could ab ra d e  th e  paper  surface sligh­
tly, so th e  situation was rem edied  by focusing th e  
nozzle 's aim specifically at th e  board  ed g e  so only th e

14 This experimental work was conducted by Randell Heath, President, 
C02LDSWEEP Dry Ice Blasting (3612 Quail Point Road, Mountain Green, 
UT 84050 USA; tel. 801-876-5432; <info@coldsweep.com>). Mr. Heath is 
a certified mechanical engineer, and coincidentally, was originally born 
in Sevier County, UT. He served as a subcontractor to Utah Disaster 
Kleenup at the rate of US$ 150.00 per hour.

15 The dry ice blasting machine used was the Alpheus Precision Series TM 
Model T-2. This machine is quite mobile, measuring 14 in. x 22 in x 20 in 
(35,56 cm. x 55,88 cm. x 50,80 cm.; W x L x H) and weighing 110 lbs. (50 
kg). It stores 12 lbs. (5.4 kg) of block dry ice, and produces a blast pres­
sure range of 30 psi - 120 psi (2.1 bar - 8.3 bar).

First test sample; a late tw en tie th  century publishers' bin­
ding. Dry ice blasting adequately cleaned surface grime but if 
the focus o f the blast was prolonged, gold stamping and pig­
ment from  the publishers' cloth were removed.

Second test sample; cleaning results from  a lightly soot dama­
ge 20th century record book covered in a protective w hite 
canvas jacket. The area o f the jacket le ft o f the number '73' 
and below the word 'Deed' was vacuumed w ith a HEPA vac; 
and, the area above the words 'Deed Record' was ry ice blasted.

peripheral dry ice spray played over th e  fore-edge, 
head, and  tail. By firmly clamping th e  tex t  closed and 
minimizing direct pressure to  th e  p ap e r  edges th e  text 
was u n d am ag e d  by th e  cleaning process.

We th e n  com pared  dry ice blasting with tw o  o the r  
forms of soo t removal using actual record books; 
wiping dow n par t  of a book with a natural rubber 
sponge, and  vacuuming a n o th e r  section with a HEPA 
filter. As described earlier, th e  rubber  sponge  proved
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reasonably effective a l though  it left som e visible soot 

residue. The HEPA-vacuuming proved far  less effective 

th a n  th e  sponge, underscoring th e  bonding  s treng th  

of th e  soot, even a single w eek  af te r  th e  fire. Dry ice 

blasting proved  t h e  most effective of  th e  th r e e  

m ethods  and caused no de tec tab le  abrasion. In addi­

t ion  to  removing th e  soot, th e  cleaning eliminated 

years of em b ed d e d  hand  grease  as well as a piece of 

pressure sensitive ta p e  a long with th e  discolored 

adhesive residue b en e a th  it. As a fu r the r  test,  each 

c leaned object was sequeste red  overn igh t in a sealed 

box to  de te rm ine  how  much residual smoke odor  

remained. Again, dry ice blasting surpassed th e  tw o  

o th e r  cleaning m ethods.

The te chn ique  also proved to  be  far  fas te r  th a n  

wiping dow n  th e  books using rubber  sponges. The 

canvas-covered bindings to o k  longer to  clean th a n  

books w ith  exposed leather, bu t  on average, six books 

w ere  dry ice blasted per  hou r  (50 hours total) .  Jayrene 

Nielsen, th e  County Clerk, expressed her  am a z e m e n t  

a t  th e  end  result. She claimed th e  books had never 

looked so clean. While building repairs progressed, 

th e  commercial recovery company, leery of a slight 

residual sm oke odor, packaged  th e  cleaned  volumes 

for  s to rage  in boxes conta in ing  a chemical d eo d o r i­

zer. In direct discussion a b o u t  this with  th e  County 

Clerk, Ms. Nielsen ag re ed  to  remove th e  deodorizers  

f rom  th e  boxes, claiming she actually p referred  th e  

smell of sm oke to  th e  noxious d eodoran t!  She also 

believed th e  sm oke o d o r  was rapidly dissipating as 

th e  books aired out.

An eighteenth century fu ll-leather record book sitting on the 
Alpheus Precision Series TM Model T-2 dry ice blasting machi­
ne as it is refilled w ith  block dry ice.

As with  any new  conservation techn ique ,  dry ice blas­

t ing  will surely prove to  have its limitations. Based on 

th e  excellent results a t  Sevier County, however, it 

appears  th e  te ch n iq u e  has g rea t  promise for  add res­

sing certain problem s and  should be  considered as a 

viable op tion  as th e  s ituation  dem ands.  Additionally, 

fu r th e r  safeguards  or modifications to  th e  approach  

described  here in  may be w a r ra n te d .  G rea t  care 

should be exercised, fo r  example, w h en  tes t ing  dry ice 

blasting's effectiveness for  removing soot from  rare 

books, as th e  age  and  variability of th e  material invol­

ved m ight well p resen t num erous  challenges. While 

dry ice blasting has been  successfully used for  mold 

rem ed ia t ion  on building surfaces, its application to  

removing mold from  d am ag e d  bindings has yet to  be 

investigated. Again, dry ice blasting seems to  offer 

much promise, and  additiona l reports  and  tes t ing  ari­

sing from  fu tu re  applications of th e  techno logy  are 

encouraged .

Randell Heath, President, C02LDSWEEP Dry Ice Blasting, at 
work removing soot from  a Sevier County record book.

Before and after, "Fee Entry Book M ", the top  half o f the 
book cleaned by dry ice blasting, the bottom  half still cove­
red in soot.



U s o  d e  h i e l o  s e c o  p a r a  r e m o v e r  e l  h o l lm

El 2 de  mayo de 2006, en el Servicio de archivistas del Condado de Sevier (Richfield, Utah, EE.UU.), se desat6  un 

incendio en un granero  ocasionado por un chispazo de un soldador. El combustible se ag o to  rapidam ente,  por

lo que  el fuego  se extinguio quince minutos mas ta rd e  sin causar danos a la estructura, pero  cubriendo to d o  

con una fina capa de  hollm, q u ed a n d o  afectados los registros hist6ricos que contem'an los Archivos del Palacio 

de  Justicia, 300 encuadernaciones en piel de  los siglos XIX y XX.

El hollm es una materia ex t rem ad am en te  pegajosa que  gene ra lm en te  se elimina m ed ian te  esponjas de  caucho. 

Este procedimiento  rela tivam ente eficaz requiere, no obstan te ,  renovar con mucha frecuencia las esponjas que 

se llenan de residuos. Presenta, ademas, el inconveniente de  acumular el hollm en tre  los intersticios del docu­

m en to  que se esta limpiando. Otra tecnica consiste en utilizar un filtro de partlculas HEPA, pero usada sola, esta 

resulta mucho menos eficaz.

El segundo  problem a t iene  q ue  ver con el olor residual del hum o que se elimina m edian te  el uso de  desodo- 

rantes quimicos o termicos y de  t ra tam ien tos  con ozono. En los dos primeros casos, los efectos a largo plazo de 

estos productos aim no han sido probados, por lo que  no se recomienda su utilizacion. En lo que  respecta al 

ozono, se t ra ta  de un oxidante agresivo que  t iene  efectos nocivos para los docum entos que  form an par te  del 

patrimonio cultural. Ademas, es nocivo para la salud. Para eliminar el olor, la unica tecnica segura, por  lo tan to ,  

consiste en aislar los docum entos afectados en una sala equipada  con un sistema de purificacion de aire.

Despues del incendio del Servicio de  archivistas del Condado de Sevier, se op to  por una alternativa sin riesgo en 

comparaci6n con las opciones habituales de  limpieza. El m 6todo  seleccionado, cuya eficacia ha sido dem ostrada 

en numerosas aplicaciones in d u s t r ia ls  d u ran te  la ultima decada, consistio en pulverizar hielo seco carbonico 

sobre las obras. Los granulos de C 0 2 congelados son proyectados sobre la superficie que se va a limpiar y pasan 

a es tado  gaseoso en el m om en to  en que  pene tran  en los intersticios del soporte,  p roduciendo como derivado 

residual un icam ente  sal.

Una e tapa  preparatoria  consiste en hacer pruebas en encuadernaciones m odernas de  poco valor. Este procedi­

miento  luego se com paro  con los m ^todos q ue  en los q ue  se utiliza una esponja y/o un filtro HEPA, dem ostrando  

ser mucho mas eficaz. Esta tecnica no so lam ente  no es abrasiva, sino que perm ite  eliminar las trazas de sebo 

incrustadas anos atras. Ha permitido t r a ta r  seis libros por hora. Evidentemente, este procedimiento es nuevo y 

d ebe  utilizarse con precaucion, ya que su aplicacion encuadernaciones danadas  se encuentra  aim en estudio. 

Sin em bargo , luce prometedor.
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L e feu et la glace : pulveriser de la glace seche  

carb o n iq u e p o u r elim in er la suie

par Randy Silverman
Responsable de  la conservation 

Universite d e  I'Utah - USA

«P our d ire  que , p o u r  la d e s tru c tio n , la g lace  

Est e g a le m e n t  fa b u le u se  

E t se ra it e ffica ce .»

- Robert Frost

I n t r o d u c t i o n

Le 2 mai 2006, dans le Service des Archivistes du Comte 
de  Sevier (Richfield, Utah. USA), le feu  se d e d e n c h a  au 
grenier  a cause de  I’etincelle d 'u n e  soudeuse, provo- 
q u an t  une  explosion qui souffla le vide de  comble et 
consuma a to u t e  vitesse le systeme d 'isolation en fibre 
de  verre e t  recouvert de  papier. Le com bustible flit vite 

epuise e t  le feu  m o u ru t  15 minutes plus ta rd ,  epar- 
g n an t  la structure mais recouvran t to u t  sous les che­
vrons d 'u n e  fine e t  poudreuse  pellicule de  suie 
Ce residu charbonneux  p£netra  en tre  les tuiles e t  
recouvrit t o u t  dans les bureaux  qui se t rouva ien t  au- 
dessous, y compris les registres historiques co n te n a n t  
les archives du Palais de Justice, stockees a I'horizontale 
sur des rayonnages  coulissants, dans la cham bre forte . 
Environ 300 reliures piein cuir d a ta n t  des xixc e t  xx‘- 
siecles, d o n t  plusieurs e ta ie n t  recouvertes d e  ja q u e t te s  
en toile  blanche, fu ren t  epa rgnees  par le feu mais 
im pregnees d 'u n e  couche de suie e t  d 'u n e  fo rte  o d e u r  
de  fumee.

L e  p r o b l e m e

D'ordinaire, les entreprises americaines qui intervien- 
n en t  apres une  ca ta s trophe  retirent le sinistre residu 
gris de suie en  essuyant la couverture  avec une S pon­
ge® en caoutchouc chimique ou  naturelle, puis en 
passant a I 'ozone les livres pour  eliminer I 'odeur resi- 
duelle de  fum ee. Ce procede laisse beaucoup  a desirer.

1 Frost, Robert, "Fire and Ice," Collected poems, prose, and plays 
(New York: Library of America, 1995). 204.
Traduction public sur le site du CRSNG (www.crsng.gc.ra)

2 Principal© ressource pour les eponges naturelles en caoutchouc
(stock #60142) : Quality Rubber Co, 415 Metallic Lane, Sedalia, MC) 
65301, USA. Tel 660-826-4641; toll free, 800 597-994/.

Si la surface b rune e t  caou tchou teuse  de  I 'eponge  per- 
m et d 'en lever  une g ran d e  partie  des  fines particules 
chargees de  charbon, elle se charge aussi rap idem en t  
de  residus. Les personnes responsables des reparations 
doivent cons tam m en t  changer  d 'e p o n g e  p ou r  net- 
toyer  les salissures avec une surface p ropre  e t  je te r  les 
eponges  usagees parce q u ’elles peu v en t  difficilement 
§ tre nettoyees.  Le processus m em e d e  n e t to y ag e  fait 
q ue  quelques-unes des fines particules d e  suie noire 
son t  repoussees dans les interstices du docum en t net- 
toye, particulierem ent qu an d  c e t te  surface est aussi 
poreuse  que  le t issage a decouver t  des ja q u e t te s  en 
toile.

Plus le tem ps passe e t  plus il est difficile de  retirer la 
suie incrustee dans la m esure ou les derives polymeri­
ses e t  dehydrogen£s du feu  se fixent ch im iquem ent 
sur leur env ironnem en t .<3) Le f ro t t e m e n t  q u e  Ton pro- 
duit en n e t to y a n t  fait aussi que des m orceaux d e  la 
partie  en caoutchouc souple  de  I 'eponge  m igrent sur 
la surface du livre, un residu instable en  rem plaqant un 
a u t r e .^  Enfin, le fait d 'exposer  a I’o zo n e  des livres 
« nettoyes » pour  a t te n u e r  I 'odeur residuelle de  fum ee  
les det^rio re  davan tage .  L'ozone est un oxydant puis­
san t  qui a t ta q u e  le papier, le tissu, le cuir e t  les adhe- 
sifs en  mdme te m p s  qu'il d e tru i t  les com posants  orga- 
niques de  la fum ee , con trepar t ie  particulierem ent 
nefaste  pour des ouvrages ayant une  im portance his- 
to r ique  considerable e t  d o n t  la loi stipule qu'ils doi­
vent e tre  conserves pour  Peternite.

En bref, la suie es t une  m a tu r e  ex trdm em ent tenace.  
C on tra irem en t a la poussiere, c 'est un residu £ la fois 
solide e t  liquide, com pose de  charbon  en suspension 
dans une  base huileuse de derives de  com bustion en 
partie consumes. Le charbon a I 'interieur de ces goutte -

3 A propos des problemes de suie persistante sur des documents apparte- 
nant au patrimorrw cuiturel, votr : Roberts, Barbara, et ai. "An Account 
of the Conservation arid Preservation P">< edur-s Following a Fir*- at th- 
Huntington Library and Art Gallery'', Journal of the American Institute 
for Conservation 27:1 (Spring 1988): 1-31; Spafford-Ricci, Sarah, and 
Graham, Fiona, "The Fire at the Royal Saskatchewan Museum, Part 1 
Salvage, Initial Response, and the Implications for Disaster Planning", 
Journal of the American Institute for Conservation 39, rf 1. (SpffrttJ, 
2000): 15-35, and, Spafford-Ricci, Sarah, and Graham, I iona, "The I ire at 
the Royal Saskatchewan Museum, Part 2: Removal of Soot from Artifacts 
and Recovery of tin? Building", Journal of the American IrtSttt . .. 
Conservation 39, no 1, (Spring, 2000): 36-56.

4 Voir : Moffatt, E., "Analysis of 'chemical sponges' used by the commer­
cial fire cleanup industry to remove soot from various surfaces", IIGCG 
(Interrational Institute for Conservation - Canadian Group) 17/3 (1991) 
9-10.

http://www.crsng.gc.ra


le ttes de  g o u d ro n  es t te l le m en t  fin (1 micron de  dia- 
m etre  ou  approx im ativem ent 1/BO d e  I 'epaisseur d ’un 
cheveu) q u ’il es t fac ilem ent disperse par  « la pression 
e t  la poussee provoquees par  la cha leur du  feu  » e t  les 
conditions ae rodynam iques  telles que  « I’action des 
etagfcres, la pression du vent, la g£om etr ie  du bati- 
m e n t  e t  ses obstacles (murs e t  sols par  exemple) e t  les 
systemes de  ventila tion ».(5) La suie fine e t  poudreuse  
recouvre to u te  surface expos£e, p en e t ra n t  m £m e les 
plus minuscules fissures e tc reux ,  incrustant le charbon 
grfice a des m orceaux de  goudron  huileux la ou elle se 
pose. Essayerde I 'enlever en  I'essuyant, m £m e avec un 
outil ab so rb a n t  e t  epais com m e I 'eponge  en ca o u t­
chouc nature lle  m e n tio n n e e  plus hau t,  e ta le  inevita- 
b lem en t  to u te  la suie qui n 'e s t  pas re te n u e  par  
I 'eponge,  com prim e e t  incruste ainsi d av a n ta g e  dans 
la surface les minuscules particules graisseuses e t  les 
rend plus difficiles a eliminer. En vieillissant, la suie se 
fond ch im iquem ent avec le d o cu m en t  avec lequel elle 
es t en  contact,  un n e t to y a g e  im m ed ia t  e t a n t  la 
meilleure solution.

II p e u t  e t re  utile d 'asp irer  avec un f i It re a particules 
e x t re m e m e n t  puissant (HEPA) para lle lem en t a un 
essuyage manuel,  mais utilisee seule, ce tte  techn ique  
est en  fait moins efficace q u e  d 'essuyer avec un m ate-  
riau absorban t.  En 1997, lors de  I'incendie du  musee 
de  Saskatchewan (Canada) par  exemple, le protocole 
utilise p ou r  ne t toyer  la suie consistait, selon le rappo r t  
de  Spafford-Ricci e t  Graham, a aspirer au  prealable la 
reliure du livre, puis a aspirer ensuite sep arem en t  le 
corps de  I'ouvrage. On a pris soin de  ne  pas to u c h e r  la 
surface des livres avec I 'em bout parce que  ce contact 
aurait  repousse la suie dans les parties tissees de la 
reliure. Apres aspiration, la deuxiem e phase  de  ce n e t ­
to y a g e  consistait a essuyer de  fa^on m ecanique la sur­
face du livre avec des eponges  en  caoutchouc ou  des 
chiffons Webril (un ta m p o n  en feu tre ,  non tisse, 100% 
coton, g e n e ra le m en t  utilise pour  le n e t toyage  non 
abrasif des p laques d 'imprimerie). '61

L’au tre  problfcme epineux consiste a eliminer sur les 
objets I 'odeur residuelle d e  fu m ee  apres avoir retire la 
suie A present,  on n e  vaporise plus s im plem ent des 
sen teurs  parfum ees  pour  m asquer I 'odeur ; trois pro- 
cedes p redom inen t  dans les entreprises qui Intervien- 
nen t apres un incendie : I'utilisation de  desodorisants 
chimiques, de  desodorisants the rm iques  e t  le trai te-  
m e n t  a I 'ozone. M alheureusem ent,  ces trois proced£s 
p re se n ten t  de  serieux inconvenients lorsqu 'on tra i te  
des docum ents  a p p a r te n a n t  au patrim oine culturel.

5 McKinnon, Gordon P. and Keith lower (eds), Tire protection handbook, 
14th ed. (Boston. National Fire ifon ̂ £0ci&tl^r 1976): 2-19; 2-27.

6 Spafford Ricci, Sarah and Graham, Fiona, The Fire at the Royal 
Saskatchewan Museum, Part 2: 48-49.

Le desodorisant chimique elimine les odeurs  grace a 
u n e  reaction qui survient qu an d  les em ana tions  du 
p roduit en t re n t  en contac t avec le residu d e  fumee. 
Ces desodorisants ap p a r t ien n e n t  a une vaste gam m e 
de parfums ex tr§m em en t  agressifs conqus p ou r  « puri­
fier » des surfaces qui von t d e  28 a 560 m 3. Certains de 
ces produits sont utilises com m e brouillard the rm ique  ; 
d 'au tres  son t s im plem ent diffuses a partir d 'un  conte- 
nant.  Les effets a long te rm e  sur le patrim oine culturel 
de  ces produits de  m arque  deposee  n 'o n t  pas e te  

analyses. D'un po in t  de  vue plus general cependan t,  
les effets nuisibles de  polluants gazeux  (particuliere- 
m e n t  de  I 'anhydride sulfureux -SO^-, d 'oxydes d 'az o te  
-N 0 X- e t  d 'o z o n e  - 0 3-) o n t  bien e te  observes sur le 
papier, le cuir, les textiles,  les te in tures ,  les pigments, 
les encres, les adhesifs e t  le film p h o to g rap h iq u e . i7> 
L'introduction de  produits  chimiques gazeux  p ou r  
desodoriser  n 'es t  pas recom m and^e  t a n t  q u e  leurs 
effets a long te rm e  n 'o n t  pas pu §tre testes.

La seconde approche  consiste a utiliser un desodori­
san t  a oxydation th e rm iq u e  pour  eliminer les com po­
ses volatiles o rganiques (VOCs) de  I'air am biant.  Pour 
I'essentiel, c 'est un  systeme d e  post-com bustion qui 
dra ine  I'air de  I 'espace de travail dans une cham bre de 
com bustion ou les VOC son t  brCiles.^1 Principalement 
utilisee dans un env ironnem en t industriel p o u r t r a i te r  
les derives gazeux de I 'industrie petrochimique, de 
I 'imprimerie, des industries de  la peinture, d e  I'ali- 
m entat ion ,  d e  t r a i te m e n t  des eaux  usees, I 'application 
d e  c e t te  techno log ie  p ou r  a t te n u e r  les odeurs de 
fu m ee  e m an a n t  de  docum ents  patrim oniaux  n 'a pas, a 
ma connaissance, e te  te n tee .
Enfin, I 'ozone est co u ra m m en t utilise pou r  t ra i te r  les 
odeurs  de  fum ee sur les obje ts  endom m ages ,  dans un 
env ironnem en t dom estique  e t  administratif. Ce t ra i te ­
m e n t  implique d e  fab r iquer  d 'im por tan tes  quant i tes  
d 'o z o n e  avec un g e n e ra te u r  electrique d 'o zo n e  e t  
d 'en fe rm er  le d o cum en t  en d o m m a g e  par  la fu m ee  
dans un espace d o s  avec le gaz. M alheureusem ent,  
si I 'ozone elimine les odeurs  de  fumee, a de fortes 
concentrations, il est nocif pour  la san te  ;®> c'est

/ Committee on Preservation of Historical Records, National Materials 
Advisory Board, Preservation of historical i i/r-.L (Washington, D:C: 
National Academy Prcsv 31; Bmi; Notbni s., and Banks, Paul,
"Indoor air pollution: Effects on cultural and historic materials". 
International journal of museum management curator ship 4 (1983): 9­
20.

8 Thermal Oxidation Deodorizing Machine, by Osaka Gas Engineering Co., 
LTD, consulte sur Internet le 25 mai 2006: <http://wwwgec.jp/ 
CH DATA/AIR/AIR 5/html/Air-159.html>

9 U s. Environmental Protection Agency, " •1 con*
as Air Cleaners: An Assessment of Effectiveness and Health
Consequences” consulte sur Internet le 25 mai 2006 :
<http://www epa gov/iaq/pubs/ozonegen html>; U.S. Environmental
Protection Agency, air quality criteria for ozone and other phonxhemi
cal oxidants, FPA-600/8 78 004 (R«'»‘*arch Triangel Park, North Carolina:
U S Environmental Protection Agency, 19/8).
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SD

eg a le m en t  un oxydant agressif  connu  p ou r  ses effets 
nuisibles sur u n e  g ra n d e  q u a n t i te  d e  docum ents  
a p p a r te n a n t  au  patrim oine culturel, com m e indique 
plus h au t . !'0) Par consequent,  malgr£ ('utilisation cou- 
ran te  q u 'o n  en fait sur des objets d e  m oindre valeur, il 
est p referab le  d 'eviter  I'ozone.

A present,  la seule te chn ique  sOre p ou r  6liminer les 
odeurs de  fu m ee  sur des docum ents  a p p a r te n a n t  au 
patrim oine culturel consiste a isoler les objets touches  
par  la fu m ee  dans une piece d o te e  d 'un  systeme fonc- 
t ionnel de  purification de  I'air, c o m p re n an t  un equi- 
p e m e n t  de  filtration au  charbon  actif, au zeolite et/ou 
au p e rm a n g a n a te  de  potassium. Le fait de  faire circu- 
ler con t inuel lem en t de  I'air filtre sur les objets a t te-  
nuera  petit a petit  I 'odeur persis tante de  la fum ee  si le 
docum en t p eu t  e tre  expose au couran t d'air. Une 
al ternative bon marche consiste & placer des docu ­
m ents en petites quan t i te s  dans des conditions relati- 
v em en t  herm etiques (telles qu 'un  g rand  sac poubelle  
en plastique ferme) a proximite de g randes  quanti tes  
de  b icarbonate  de  soude.

Chaque proced£ p e u t  necessiter deux a trois mois pour  
fonctionner, I 'essentiel 6 tan t  de  m e ttre  en con tac t  le 
d o cum en t  touche  avec le m ateriau  absorbant.  Sefon 
Michael Trinkley, « les archives qui o n t  survecu a I'in- 
cendie d e  San Francisco en  1906 et ap p a r t ie n n e n t  
au jourd 'hu i  aux Archives nationales des Etats-Unis 
d e g a g e n t  tou jours  une fo rte  od eu r  de  fum£e, plus de
90 ans apres » /11> ce qui a pu £tre favoris£ par I'absence 
de  renouvellem ent d'air.

L e  C o m te  d e  S e v i e r

Apres I'incendie du Service des Archivistes du  Comte 
de  Sevier, il a semble souhaitab le  de p re ferer  une 
al ternative  sans risque aux options habituelles de  net-  
toyage.  Invite com m e consu ltan t"2’ par  I 'entreprise 
responsable des reparations, je suggerai la pulv6risa-

10 Bogarty, H., Campbell, K. S., and Appel, W. D , "The oxidation of cellu­
lose by ozone in small concentrations", Textile research journal 22 
(1952); 81-83; Cass, Glen R., Diuzik, lames R., Grosjean, Daniel, Nazar tiff, 
William W., Whitmore, Paul M., and Whittman, Cynthia L. Protection of 
Works of Art From Atmospheric Ozone, (Los Angeles: The Getty 
ConWfVati >n Institute, 1989). Integrate du texte consul table sur 
<h ttp ;//www.getTy,edu/co nservati on/publ kati o n s/p df publi c alio n s.'a I p h 
j ai thof.litrf!f>; SalViO, V. S., ''0 one fading : 
and colorist 1 (1969) 245-251. Shaver. C. L, Cass, Glen R., and Druzik, 
James R., "Q/onearid the4fttenor£tk>*n of works of an”, Fnvironmental 
science & technology J7 (1983): 748 752,

11 [Trinkley, Michael], Chicora foundation, "Fire” [ca. 16 June 2003], 
consulte sur Internet le 24 mai 2006 : <http://www.chicora.org/fire htm>

12 Utah Disaster Kleenup (13081 South Mmuteman Drive, Diaper, Utah
84020 USA. tel. (801) 553-1010; <http://www.utdk.com/lndex php>) est 
I'entreprise responsable des reparations.

tion de glace s£che carbonique comme une  eventualite 

interessante. Cette m e th o d e  a m ontre  son efficacite 
dans de  nom breuses applications industrielles au cours 
des dix dernieres annees  y compris pour  enlever d e  la 
pein tu re  sur une  s tructure  en  m£tal decoratif  ; pour  
ne t toyer  la brique, le granit ,  le marbre, I'onyx ou 
d 'au tres  materiaux en  pierre ; pour  decaper  I'encre 
hum tde ou seche 3ccumuiee dans les presses d'impri- 
merie ; pour enlever la poussi£re p rodu ite  par  les 
m oteurs  electriques, les bobines de gene ra teu rs  e t  les 
t r a n s f o r m a te u r s ; e t  p o u r  rem edier  aux moisissures a 
I'int^rieur des ba t im en ts .03’ En outre, le systeme est 
p o r ta t i f  e t  p e u t  § tre al im ente  p a r  un  g e n e ra te u r  elec- 
trique, ce qui rep resen te  un avan tage  certain dans la 
m esure ou I'Archiviste du  Comte n 'aurait  pas permis 
q ue  les livres en d o m m ag es  q u i t te n t  le service.

La m e th o d e  consiste a reduire d e  gros blocs de  glace 
seche carbon ique  (CO* gele) en  granules don t la taille 
va du d iam ^tre  d 'un  morceau d e  sucre a la fo rm e d 'un  
grain d e  riz, selon I'utilisation qui en  sera faite. Ces 
granules son t  projetes dans un couran t d 'air com prime 
de 30-300 PSI (2,1 bar  -  21 bar) sur la surface k n e t­
toyer. La pulverisation de  glace seche ca rbon ique  est 
consideree com m e une techn ique  par fa i tem en t  n o n ­
abrasive lorsqu'elle est utllisee sur des surfaces plus 
dures q u e  le CO2 gele ; cela dit, elle p e u t  e t re  utilisee 
pour  « vieillir » un rev£ tem ent en  bois, en  exer^ant 
une  action differentielle pour  user la partie  la plus ten- 
dre, nerveuse du bois e t  conserver le grain. Les bou- 
lettes gelees d e  CO2 so r ten t  de I 'em bout a -  78°C, 
abaissant de  fa^on spectaculaire, en surface, la t e m p e ­
ra tu re  d e  I 'ouvrage net toye  e t  causant une  contrac­
t ion  s u p p l e m e n t a l .  Cette contraction  survient en 
m em e tem ps  que  le CO2 passe a I 'e ta t  gazeux, se dila- 

ta n t  approxim ativem ent d e  80 a 80 000 fois par  rap­
port  a sa taille de  depart .  Ces forces multiples (contrac­

tion d u e  au froid, effervescence causee par  la sublima­
tion rapide e t  pression du  cou ran t  d 'air  comprime) 
agissent s im ultanem ent.  Au m o m e n t  ou les particules 
de glace seche ca rbon ique  p e n e tre n t  dans ies intersti­
ces du  su p p o r t  que  Ton netto ie ,  le CO2 passe a I 'e tat 
gazeux, laissant seu lem ent la « sa lete  » com m e derive 
residuel.

Avant d 'essayer de  retirer la suie sur les registres 
d ’archives du Comte d e  Sevier avec de  la glace s£che 
carbonique, I 'e tape p repara to ire  a consists a faire des 
tests sur q uelques  reliures m odernes  d e  peu de  valeur. 
Les cristaux de  glace seche ca rbonique une fois reduits 
a la taille d 'un  sucre, la PSI au m inimum (30 PSI) e t

13 C02LDSWEEP Dry Ice Blasting, brochure (n p; n.d, c. 2006).

http://www.chicora.org/fire%20htm
http://www.utdk.com/lndex%20php


f 'em bout d 'a ir  com prime m ain tenu  assez loin des livres 
p ou r  em pecher  I 'abrasion (38-48 cm), le technicien041 
charge des opera tions  sur place nettoyai t  de  fa<;on 
exper te  ces « cobayes » p e n d a n t  que  je  contrfilais le 
r£sultat.  Le technicien pulv£risait<15’ les granules de  

CO' selon un m ouvem en t regulier sur les reliures, son 
experience e t a n t  indispensable pour em pecher  les 
degats.  Le processus a par fa i tem en t fonctionne mais 
nous avons eg a le m en t  cons ta te  q u e  si Ton s 'a t ta rda i t  
t ro p  longtem ps sur un po in t  ou  si I 'em bout e ta i t  t rop  
proche de  la surface du livre, cela pouvait  a t ta q u e r  la 
te in tu re  du tissu ou la do ru re  qui se trouva ien t  sur la 
couvrure. Nous avons par ailleurs realise que  les te c h ­
niques artisanales plus anciennes (impression manuelle 
e t  application au rouleau d 'e lem en ts  decoratifs) ne 
p resen ta ien t  pas de  p rob lem e de ne t toyage ,  ce qui 
laisse supposer  q u e  la fabrication actuelle d e  pages de  
titres sur le marche de  la librairie de  masse est beau-  
coup moins fiable q u e  les techniques artisanales plus 
anciennes. De m6me, le fait de  diriger I 'em bout direc- 
te m e n t  sur la t ranche  pouvait erafler  legerem en t  la 
surface du papier  : on a rem edie  a la s ituation en 
o r ien tan t  plus particu lie rem ent I 'em bou t sur le champ 
si bien que  le je t  ne  toucha i t  q u e  la gou tt ie re ,  la t§ te  
e t  la queue .
En m a in te n an t  fe rm em en t  I 'ouvrage ferm e e t  en mini- 
m isant la pression directe sur les plats, le te x te  n ’e ta it  
pas en d o m m a g e  p a r  le ne t toyage .

Nous avons ensuite  com pare  ce p rocede avec deux 
au tres  moyens d e  ne t toyer  la suie, en  utilisant des 

livres d'archives a c tu e t s ; nous avons essuye u n e  partie 
du  livre avec u n e  e p o n g e  en  caou tchouc  natu re lle  e t  

aspire une au t re  partie  avec un flltre HEPA. Comme 
nous I'avons m on tre  plus hau t ,  I 'eponge  en  ca o u t­

chouc s’est r6v6l£e rela tivem ent efficace bien qu 'e lle  
ait laisse des residus visibles de  suie. L’aspira tion s'est 
revelee beaucoup  moins efficace q u e  I 'eponge  ; elle a 
mis en evidence la puissance d 'ad h e re n ce  de  la suie, 
seu lem en t  une sem aine apres I 'incendie. La pulverisa­
t ion  de  glace seche ca rbon ique  s 'est revelee la plus

14 Ce travail experimental a ete men£ par Randell Heath, President, 
C021D5WEEP Dry ke Blasting (3612 Quail Point Road, Mountain Cir eon, 
UT 84050 USA; tel. 801 876 5432; <info@coldsweep.com>). M. Heath est 
un ingenieur mecanicien assermente, originaire du Comte de Sevier II a 
et£ engage comme sous-traitant au tarif de 150.00 US1 de I'heure

15 Le systeme utilise pour pulverisor do la glace seche carbonique est le sui-
vant : Alpheus Precision SeriesTM Model T 2. Cette machine est assez
maniable ; elle mesure 35,56 cm. x 55,88 cm. x 50,80 cm. (profondeur x
longueur x hauteur) et pese 50 kites. Elle peut corrtenir 5.4 kilos de
glace sec he carbonique compact* *t produit un champ de pression de
2.1 a 8.3 bar

efficace des trois m e thodes  e t  n 'a pas provoque  d 'era- 
flures visibles. Non seu lem ent le n e t to y ag e  a permis 
d 'en lever  la suie mais il a aussi elimine les traces  de 
sebum  incrustees depuis des annees, ainsi q u 'un  mor- 
ceau d 'adhesif  sous ieque! se trouvaien t  des restes de 
collant decolore. Pour faire un dern ier  test, chaque  
ob je t  ne t toye  a e te  enferm £ p e n d a n t  la nuit dans une 
bofte pour de te rm iner  ce qui dem eurera i t  d e  I 'odeur 
residuelle de  fum6e. La encore, la pulverisation de 
glace seche ca rbonique a depasse les deux autres 
m ethodes.

La techn ique  s'est eg a le m en t  revelee beaucoup  plus 
rapide que si I'on avait essuye les livres avec des eponges 
en caoutchouc. II a fallu plus de  tem ps pou r  net toyer  
les reliures en  toile que  les livres recouverts d e  cuir 
mais, en  moyenne, on a tra i te  six livres par  heure  
(50 heures  au to ta l)  Jayrene  Nielsen, le sous-prefet, a 
exprime sa surprise a la fin des operations. Elle a assure 
q ue  les livres n 'ava ien t  jamais paru  aussi propres. 
Tandis q ue  les repara tions avan^aient, I 'entreprise 
chargee  des operations, suspectan t une legere  o deu r  
residuelle de  fumee, enveloppa les ouvrages nettoyes 
p o u r  Stre ranges, dans des boites c o n te n a n t  un 
d£sodorisant chimique. J 'en  discutai d irec tem en t  avec 
M adam e Nielsen a la suite de  quoi elle accepta de 
retirer les desodorisants des bottes, assurant qu 'elle  
prefera it  en e ffe t  I 'odeur  de  fu m ee  au  d£sodorisant 
nocif ! Elle pensait aussi q u e  I 'odeur d e  fu m ee  se dissi- 
pera it  rap idem en t en laissant les livres ci I’air libre.

Comme to u te  nouvelle techn ique  de  conservation, la 
pulverisation de  glace seche ca rbonique m ontre ra  
su rem en t  ses limites. Neanmoins, si I 'on considere les 
excellents r£sultats observes dans le Comt£ d e  Sevier, il 
semble q u e  la techn ique  soit p rom et teuse  pour regler 
certains problem es e t  doive £ tre  consideree com m e 
une  op tion  fiable si la situation le justifie. Neanmoins, 
il convient de  rester p ru d en t  q u a n t  a la techn ique  
decrite ici. II fau t  §tre tres vigilant par  exemple lors- 
q u 'on  te s te  I'efficacite de  ce procede p o u r  enlever la 
suie sur  des livres rares, dans la m esure  oil I'Sge e t  la 
difference de  m ateriaux peuven t poser de  nom breux  
problemes. Si la pulverisation de  glace seche carbo­
n ique  s 'est revelee efficace pour rem ed ier  aux moisis- 
sures sur des  surfaces d e  bMiments, son application sur 
des reliures en d o m m ag e es  est encore a l '6 tude. Une 
fois encore, la pulverisation de  glace seche carbonique 
semble £tre pleine de promesses. On ne peu t done 
qu 'en c o u ra g er  les rapports  e t  les tests qui pourra ien t  
£ tre faits apr^s de  fu tures  applications de  ce tte  tech- 
nologie.
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