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CONCLUSION

on possibility of application of MAG generators for protection of libraries

MAG generators can be recommended as a fire suppression system to be used for
protection of book depositories and stackrooms in libraries.

Residue left after generators’ discharge does not impair physical, mechanical and chemical
characteristics of paper and book-binding calico.

The conclusion is based on the results. of the examination of the material strength and
material acidity prior and after deterioration test.

The residue can be removed from the surfaces by a wet clean-up.
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1. Objective

A search for safe and effective fire extinguishing means remains one of the urgent issues
for libraries and archives. There is practically no reference information on effect of the
- currently available fire extinguishing means on paper and museum exhibits. It is, however,
known that exposure of paper and textile to halon and carbon dioxide, which are
commonly used in fire suppression systems, reduces strength of materials and destroys
some dyes (1).

Test results for the paper and calico after documents have been subjected to the medium
produced by aecrosol extinguishing generators are presented in the report. Strength
characteristics were the major criteria for evaluation.

2. Test procedure
The following types of paper and calico have been tested:

Sample No 1 — restoration paper: 100% cellulose, with filler, sized,

Sample No 2 — wrapping paper: 50 % cellulose and 50 % wood pulp; with filler, sized;
- Sample No 3 - filter paper: 100% cellulose, without filler, non-sized;

Sample No 4 — printing paper No 3: 35% cellulose and 65% wood pulp, with filler,

slightly sized,

Sample No 5 — fly leaf paper 70% cellulose and 30% wood pulp, with filler, sized;
e Sample No 6 — book-binding calico: textile base, sized at both sides with starch
primers containing mineral salts,

Samples of the paper and calico were given to the client for subjecting to aerosol
exposure.

Samples were exposed to two different aerosols. All samples, including a non-exposed
reference sample, were tested immediately after exposure to the aerosols followed by
accelerated deterioration testing under conditions of elevated temperature and humidity -
at 103° C over a period of 3 and 7 days.

Strength characteristics of the. sample materials were measured in accordance with GOST
7497-535. Prior to taking measurements samples were conditioned at 20 °C and 65 %
humidity.




The following strength characteristics were determined:

o tensile strength in kilogram-force/mm’ on tensile apparatus {dynamometer); accuracy —
10 %, :

e bending strength (number of double folds) on I-1 apparatus with 0.5 kg tensile stress
of the spring for samples No3-6 and with 1 kg tensile stress of the spring for samples
No 1 and 2; accuracy — 10 %;

» acidity (pH) was measured with pH-meter pH-340.

A method of removing the residue from the surface of the samples has been developed.

3. Results and discussions

Samples were exposed to two different (in terms of chemical composition) types of
aerosols.

Exposure to the first type aerosol resulted in black spots of various sizes (maximum — up
to 0.3 mm) precipitated on the samples surface and surrounded by brown spots (especially
noticed on the filter paper).

Exposure to the second type aerosol left no visual residue on the samples surface.
Test results are presented in Tables 1-4.

As can be seen from Tables 1 and 4, reference paper samples No 1, 2 and 3 as well as
reference calico sample do not alter tensile strength parameters under conditions of
accelerated deterioration test. Exposure of those samples to the aerosols does not
decrease the parameter either prior or after 7-days accelerated deterioration test,
exception being sample No 2, which shows 18% (first type of aerosol) and 16% (second
type of the aerosol) reduction in tensile strength after 7-days deterioration.

Reference samples No 4 and 5 show 15% and 17% reduction in tensile strength on the 3™
day of accelerated deterioration testing (Table 1), Exposure of those samples to the
aerosols does not reduce the parameter even after 7 days of deterioration testing,

Analysis of test results on the number of double folds (Table 2), the parameter most
sensitive to structural changes in the paper, has revealed that all reference paper samples
showed a significant reduction (60-80%) in the number of double folds after 3 days of the
deterioration testing indicating destruction of cellulose molecules in the process of
accelerated deterioration.




Paper samples exposed to the aerosols (first and second types) showed significant change
in the parameter only on 7" day of the accelerated deterioration indicating delayed process
of destruction of the exposed cellulose under conditions of deterioration.

Measurements of pH for the reference paper samples (Table 3) showed significant
reduction of the parameter under conditions of accelerated deterioration testing. The
optimum pH for paper is 6.0-8.0.

Exposed paper samples have similar pH — from 6.2 to 6.5. Samples No 4 and 5 show
higher pH compared to reference samples. Acidity changes insignificantly during
deterioration testing. The same was observed for calico samples (Table 4).

Various methods of manual removal of the residue have been examined. Brushing away is
pointless. Residue was removed from the surface of the samples only after repeated
mopping with a pad moistened with water. Brown spots remained.

4, Conclusions

The following conclusion has been made based on the results on the investigation.

The proposed new extinguishing means does not impair physical, mechanical and chemical
properties of paper and book-binding calico and, therefore, can be recommended for

application in libraries and archives.

The second type of aerosols is preferred as no removal of the residue left after actuation of
the aerosol generators is required.

Reference:

1. L.A. Kuzmych, E.Y. Makarova. L.I. Gorelchenko, Y.S. Ryabov — “Investigation on the
impact of the extinguishing means on museum exhibits”, Restoration, investigation and
storage of valuable objects of arts: Scientific reference handbook, Edition 1.-M., 1982, p.5




Tensile strength of the paper samples

Tablel

Type  of | Deterio- Number of paper sample
test | ration 3
time Tensile Retention | Tensile | Retention | Tensile Retention | Tensile Retention | Tensile Retention
©@ay8) | joad (P), | of tensilc | load®), |of fensilc | load (), |of tensile | load®), | of tensilc | load (P), |of tensile
kg-force strength, | kg-force strength, | kg-force strength, | kg-forcs strength, | kg-force strength,
% to the | % to the % 1o the % to the % to the
reference refercnce { reference referenice reference
sample sample sample sample sample
Reference | 0 4.2 100 144 100 3.2 100 3.9 100 4.2 100
| sample 3 4.1 98 4.0 91 3.2 100 3.3 85 3.5 83
7 4.4 1 105 4.5 102 2.9 91 3.5 90 3.8 | 90
_ Exposed 0 4.4 105 4.4 100 2.9 91 - - 4.0 95
to type 1|3 4.1 98 4.1 93 | 2.8 88 - - 38 90
aerosol 7 4.5 | 107 3.6 82 3.3 103 - - 4.4 105
Exposed 0 4.5 107 4.3 109 2.8 88 3.9 100 4.4 105
to type 1|3 4.2 100 4.5 102 2.8 88 3.7 95 4.1 98
aerosol |7 4.2 100 3.7 84 133 103. 38 97 4.0 95
® ® ® "'




: Table2
Bending strength of the paper samples
| Type  of | Deterio- Number of paper sample
test ration 1 2 ' .
| time Number of | Retention | Number of | Retention | Number of | Retention | Number of | Retention | Number of | Retention
| days) double of bending | double of bending | double of bending | double [ of bending | double of bending
foids strength, | folds strength, | folds strength, | folds strength, | folds strength,
% to the % to the % 1o the % to the % to the
reference reference reference reference reference
samplc | sample sample sample . sample
Reference |0 90 100 79 100 19 100 32 100 75 100
sample 3 22 24 -| 24 30 111 58 3 9 | 27 36
ki 35 39 40 51 1 9 47 6 18 22 29
Exposed |0 |51 | 57 61 77 14 74 - - 76 101
to type I3 43 48 34 43 9 47 - - 28 37
aerosol 7 |44 49 22 28 16 84 - - - 29 39
Exposed 0 89 99 74 93 18 95 44 137 79 105
to type 11| 3 69 78 56 171 14 74 10 31, 42 56
aerosol 7 22 24 35 44 14 68 14 43 35 45




Table 3
Acidity of the paper samples
Typeoftest | Deterioration Number of paper sample
time, days 1 2 3 4" s
Reference 0 6.7 6.2 6.6 5.7 59
sample 3 6.2 6.0 6.1 3.5 58
7 6.0 5.9 6.1 5.1 5.5
Exposed to 0 6.5 6.5 6.6 - 6.2
Type I aerosol 3 6.6 6.2 6.5 - 6.2
7 6.6 7.2 6.5 - 5.9
Exposed to 0 6.5 6.2 6.6 6.3 6.2
type II aerosol 3 65 6.2 6.4 55 6.0
10



Tensile strength and acidity of calico samples

Table 4

Deterioration

Type of Tensile load Tensile strength Tensile pH
test time, days kg-force | %to the kg- %tothe | elongation,
reference | force/mm’ | reference o
. sample sample
Reference 0 5.0 100 1.7 100 13 7.9
sample 3 4.9 98 1.6 94 16 7.3
_ 7 49 98 16 94 13 7.8
Exposed 0 46 92 1.6 04 14 79
to type I 3 5.1 102 1.7 100 16 1.6
. aerosol 7 4.3 96 1.6 94 14 7.8
" Exposed 0 5.6 112 1.8 106 14 79
totype I 3 5.4 108 1.8 106 14 7.7
aerosol 7. 4.2 84 1.4 82 14 7.6
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SAKIDYEHUE

O BCSMOXHOCTY MCHOAL30BaHMA IeHepaTopos THma MA mna
MOX&pOIamMTH CUGANOTEX

[lpemnersemoe cPefcTBO MORGPOTYWEHUA MOKET OHTE pekomennosaﬁo
AN WCHONb30BANUSA B KHHDOXPaHWIAMaX GubmIoTeR | Ocagox na-npogyuwos"
CT'OPaHUA a2pPOI0ABHLX NOXKAPOTYMalMX I'EHEPaTODOB He yXyameeT $M3UKO~-
-MEXaHWUEe CHHX U XMMWUECKMX CBOACTB OyMary ¥ NEpenieTHOr'C KONEHROpa.
Bupon crened Ha OCHOBaHMYM Pe3yALTATOB OPOBEPKH npodHOCTme XapaxkTe-
PUCTHK B KUCAOTHOCTH MATEPUANCB A0 ¥ NOCNE MCKYCCTBEHHOrO CTapeHﬂﬁ.
Ocamox MOXeT OuTb ynaleH ¢ HOBerHOCTH BISXHEM CHOCOGOM.

Orver mpusaraeTes.
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UmHOp ¥: sxTvais¥ux OpobieM g CHOIMOTOUHOM ¥ ap:maaou gene
#3inerTcH Bwllr 3DDSETHEBHOrOC ¥ GesomacHOro CpeicTse TYDeHdS TOX2:
T AXTEPETYOE: TDEKTHYECKH OTCYTCTBYDT CBEIEHHE O BIMAHAA uxmleme -
MEY CPeHCTE =i OVyMary ¥ My3eiHHe SKCOOHaTH. V.3BeCTHO mxo qT0
06pe6CeTEE SYNZIH ¥ THAHM YTNGKHCTEM Ta30M ¥ DecHOM, Haubolee wac-
2TC KOS ITSMEME OE 6r:—zezymwem:, UVMSHBIEST IDOYHOCTD M&.'IE-GPHE.;TIOB_
¥ pespymaeT Hekoropwe kpacwremd / 1 /. L
E uacroriedt paore DpelcTaBRSHH DPEIYyNBTATH ncmmﬁ Gyuam
¥ mepenjersor: marepuata (xomeHEopa), HpOBeLEHHwe NI OMEHKH 3OS —

GeflcTEAd Ha NOKVMEHTY MPOLYKTOR CI'ODR&HMSA 29PO30MBHNX NOEeDOTyWamsX

reHepaToOPOE. UCHOSHHMY KDHTEDHAMH OLSHKY ABISDTCA MPOUHOCTHHE Xa-@)

PEXTEPHCTURN .

METOIMHA PABOTH. Mcenwrarus Oposelers Ha OOpasueX CRERyRIMX BHEOB

-

SyMar¥ ¥ TnepenneTHOM KOJIeHKOpe * ]

O6pazer ¥ I - pecrasparmonHas Gywera: I00% vemnobnosw, nporieexHsd,
¢ HaIOJMHUTEIEM; '

Obpase:r ¥ 2 ~ oSeprounas Gywara: 50% mexmmnosw u D50% npesecHoR
M3CCH, NPORISeHHaH, C allOMHUTENeM; "

OSpasen ¥ 3 - ImabrposarbHag Oymara: I00% nenmorosw, HeNpORIeeHHaS,
Se3 HanoJHMTeNAd; ,

O6paser ¥ 4 - nevaTHas Gywsra ¥ 3: 35% wemmonosw ® 65% mpesecwoit ®

M2ceH, ¢ia00 OpoxieeHHad, C HANOIHWUTeNeM;.

Obpaser ¥ 3 - jopsantes Oywara: 70% newmmnosu ¥ 30% szg.secaoﬁ Mac-
CH, WPOKNEEHHAH, ¢ HANOMHATENSN; .
O6paser ¥ & - neperieTHulf KOTEHKOD: TKaHEB&A OCHOBA, AIMIPETHPOBAH-

427 ¢ HBYX CTOPOH KpaXMaibHLMU PDYHTEMM ¢ MEHEpanb -
LMY HATOAHUTENAMU.

OCpasuy GyMaru ¥ romeHkopa CuaM nepelieHl 32KaSuMKy AAA o0pa -
Gorr#. domyuer ofpalim, 06paloTaHHWE LBYMS DPe3/NUHEMK COCTABEMA
NPOAYKRTOB croperdsa, Bce BapuanTy o6pa3uoB, B TOM uicie ¥ Heofpado-

s .
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1.3MepeHur OpoUHOCTHEX XADEKTEDHCTHE OGD&3UOB MATEPHARQS IpO-

sommy no POCT 7497255 ¢ MpeNsepuTerNsHHM KOHTHIMOHWPOBEHWeM TOpH

remmeparype poasyxa 20°%C ¥ orHocuTeasHoH BISKHOCTH = Gﬁﬁif
Crpenensm# clelyOmAe MORA3&TEN NPOUYHOCTH MATEPHANOB: -

- CONTOTHBISNKE GyMary De3PWBYy DPH pacTsReHHY (xrc/hu%)oqpegeaann

He paupHBHoﬁ wzmime {giHamomerpe); omabxa ~ I0%; ‘

- compoTHaRekde OyMarw HanoMy {uMclIo ABOHHHX Depernéos -~ wm). on-

pefens1¥ sz amepere L-I ¢ HaTRESHYeN FDyHHHY 0,5 ¥r paa oGpaauos
B3 11 xr 1ig ofpesuos ¥ I u 2; omnbre -~ 10%;

)

o et .

- ¥McndTHoeTs (pH) mamepsaax wa pH-werpe pH-340.

CrpaaTunaica cnoco§ yAaleHMs ocaIXa ¢ HOBEPXHOCTH 06pasuos.

CECYBZZHVE PERVABTATOB. B I-ou Bapwente o6paSork OCafiok ¥3 HDO -
IVKTOE Crapalus HaXOATCA Ha MOBEPXHOCTH O6pPasmoB B BHfS qepﬂﬁx
nATed palmuurcro pasmepa (Maxcumamsso - mo 0,3 wmM), soxpyr ocamRe
mMeercd Oypoe MATHO, OCOCEHHO 3aMETHOEe Ha GHIbTPOBRILHOA Oyuare,
Bo 2-ou bapuarte 0o0paloTKH Ocalok He 00pa3nax HeBOOPYRSHHEM I'Aa30M

F

7,

He BUISH.
Pesyabraty Wenwraruy npencrasne&é'a rabmax I-4. Us raﬁnnu

I » 4 samno, ©TO ROHTPONHEe OOpasmy SyMary ¥ I, 2 u 3 ¥ nepemner -
HOT'O KOJIEHKODZ B MPONECCE YCKOPEHHOr'o CTAPEHWA He MEeHADT NPOYHOCTH
He paapus. C6paboTka 3THX 06pa3sloB HCINTyeMHM CDeJCTBOM NOXspoTymie-
F¥A Fe nyﬂmeer'aTow'anasaTeﬁb K2R 710, T&K ¥ Ooche 7-MH CyTOK yC-
KOPEHHOPO CTapeHUs, licKiNueHue cocTasisfer ofpasen ¥ 2, y KoToporo
nocxe T-MA CyTOK CTADEHHA NPOUHOCTb HA Pe3pwB cHMIaeTcs Ha 18%

@ 1 sapuant) u 16% (I papuant).
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B KOHADOISH
(6eC50%°
AeKyX UeRADAC3H B HPOUSCCE YGKOPEHHOTO crapem = :
¥ ofpaforanrux ofpesuos Gywarw Ial sapaamu} cymcsaeum.
W3MeHzHUS ITCrO DoKa3arTens HalaIogabTCH AL Ha. CONbMEe: qm ycxo-
PEHHOrO CTEDEHMA, YTO POBOPUT O 3aMelTeHHOM npdupcdé‘:f%“r'“
neAXDI03N B Upomecce CTAPeHMA HMOR JeACTEHeM nposenaaﬁoﬁ o6pa§oexn
Asuepeswe xucrotHooru (pH) ofpasuos Gymerw noEASeI0 (a'aﬁx. 3,

gT0 B KOHTPRC.IBHOM OHNTEe B npouecce ycxopeﬂﬂora-c:apgﬂnshgpﬁiezﬂnﬂT

N *'3
c *51‘__’..,

mmearsHoe anagerme pH Gywarw -~ 6,0.8,0, ._-'.'-" . "-’-‘:'-73_;‘- R ;;:-

Jocae oSpadorxw Bce ofpasmy SyMaré RMEDT CIMSEME saaqem pi:
6,2-£,5; npwyen y ofpasnos ¥ 4 u 5 pH suwe, weum B xoarpune. B na-

. Lecee CTepeHWd KUCIOTHOCTbL MEHAeTCd HeSHEJATeNBHC.- To m Haﬁ:mnae‘r-

CH ¥ Np¥ HCITNTHMSAX odpaanon nepememoro xoxeax R Ta0R. )
Mposeseta TPOBEPKA PABIHIHEX oco6oB yna.sxemm Ocama"'spyqrtyn
BeapesynbTaTHa OUHCTKA HUCTHO. CHATH. 0CcaloK ¢ noaepmoc*rn MaTep B-

A710B OK&32A0CH BOSMOKHO TOXBKO NPX HEOGHOKPATHOR HPOTHLKE TaMUIOHOM

| _ys:iazmeﬁm sonoft. [lpy a7oM Oypue nATHE OCTENTCH.

BHBOSH. Ha OCHOBENME DeSyAbTATOB POBEREHHOTO HCCNeNOBaHWSA
CHENAHO 38KADUGHHE, UTO n'pemoxemioe‘ HOBO8 CPeACTEO nozapo'rymemm
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DERRETHONC XITeHEODZ ¥ MOZET ONTH PEKOMEeHIOBaHO INA ncnoxi,édaams
B OuSIMOTexEY ¥ epXMBEX. [lpemnmowreHMe ciemyeT OTIATH B‘I‘DPOHY Bapn-
gu™y O00peloTxXyu, T&X KaKk B 3TOM ciyuae He Tpelyercs ynaxea__ae ocan -
K& MZ NPOLVHTOB CTOPAHUS 83POTONBHNX NOESPOTYNENEX reHePaTopoB.
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