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Focus on Non-Invasive Analytical Techniques

Prioritizing risk to collections
— Traditional (e.g. corrosive media)
— Modern (e.g. sound format, fugitive media)

— New at-risk areas (e.g. fugitive media, 215t
century materials, sound recordings,
unstable glass)

Characterizing materials
— Degradation mechanisms
— Tracking change due to environment / treatments

Scientific reference sample collection
Scientific data infrastructure

— Data fusion, data mining, storage, access

Hyperspectral Imaging

Fiber Optic Reflectance
Spectroscopy (FORS))

D

Fourier Transform Infrared
Spectroscopy (FTIR)

X-ray fluorescence (XRF)



The “go-team”
Prlorltlzlng and creating a structured approach to resources, time
demands and complementary data to answer research questions
e | “active learning”




Scientific Reference Sample Collection

Materials Types include Barrow Book Collection, magnetic tapes, parchment, papyrus, damaged books, ISR
reference papers, ASTM 100-year Paper Aging Study papers, pigments, CDs, DVDs, fabrics, glass, fibers etc.

Materials Characterization Scientific Reference Samples:
Development of spectral and spectroscopy databases of
reference materials

Center for Library Analytical Scientific Samples (CLASS)
Enhance non-destructive characterization
Expansion of database to include deteriorated

substrates / media
Changes from aging, treatments, environment
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Audio Tape Degradation - Sticking, Squealing, Shedding

Most common remediation:
thermal baking
for 8-36 hours
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User #1

User #2

User #3

User #4

How do you decide when to bake a tape?
Bake everything

Bake everything of known vintage

No bake until proven sticky

No bake, ever

What do you do after baking?

Play it warm

Let it cool




Thermal Analysis - Differential Scanning Calorimetry

Glass transition point for polymers

Irreversible = Evaporation/reaction

Reversible 2> T
5-10 mg sample is heated at fixed

rate (°C/min)
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Thermally induced change in state



Thermal Analysis - Differential Scanning Calorimetry

Evidence of Thermal Transitions in “Sticky” Tape

Layer Differences Observable in Thermal Analysis
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Using material from separated layers:
Low temperature Tg (15°C) in

“Bake” temperature transition in base film



Electron Microscopy — Tape “twins”

Ampex 456 Ampex 406
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Electron Microscopy of Baked Tapes

Unbaked Baked

Ampex 456
non-sticky

Ampex 456
sticky




Removed surface residues with gentle swab, analyzed by FTIR and compared to
baked and unbaked oxide layer of same tape

Results suggestive of lubricant/plasticizers, NOT degradation from PU

Strongest peaks (1730, 1259, 1166 cm™!) correlate to peaks found to decrease after
baking (both here, and other studies)

1730 C=0

COC ether

1166

3300 NH

2500 2000
Wavenumbers (cm-1)




Can we make a sticky tape?

Have tried artificial aging at
various combinations of

GPC charts temperature and humidity:
140
iiitial - 80°C/80%
 hCises 40°C/80%
é — 40 C10% 40°C/10%
E — 40 C 80% 60°C / 0%

60 C Dry

heat/humidity? ﬂ

Can break down a tape, but
cannot reliably mimic a
- . - “sticky” tape
Low-molecular weight «————————
Log(M.W.)

In collaboration with FujiFilm Japan



Analyses of stickiness and baking

DSC thermal data Microscopy data
oxide layer shows visible

restorative changes during
baking

base film contributes to
baking process

base film

— oxide layer .
/ 1st heating
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Water Contact Angle of Magnetic Media

DR~ ¢

HIGH CONTACT ANGLE ONTACT ANGLE

Non-sticky

ptfecoatings.com

Factors affecting contact angle:
Surface roughness
Surface chemistry

KEY: SURFACE




Challenges with Wax Cylinders
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Circuit Court of the United States,

District of New Jersey.

AMERICAN GRAPHOPHONE COMPANY

NATIONAL PHONOGRAPH COMPANY,

In Equity. On Macdonald Patent No, 606,725,

RECORD.

PHILIP MAURO,
C. A, L. MASSIE,
Solicitors and of Cowmsel for Comploinant,

FRANK L. DYER,
Solicitor ond of Counsel, [w_Do[mﬁu.

Historical Records

Taking a multipronged approach

Chemical and Physical Testing

v

Laboratory

\

Synthesis



Edison Papers Project @ Rutgers: Digitized lab notebooks

Leqal  Box

IN THE

Circuit Court of the United States

Distaict or New Jursey.

AMERICAN GRAPHOPHONE COMPANY,
Complainant,

s,

NaTI0NAL PrioNocrAPE COMPANY,
Defendant.

Brief for Defendant.

FRANK L. DYER,
MELVILLE CHURCH,

Jor Defendant,

Reproductions of Edison

e J. W. Aylsworth

183
the composition of exporiment No. 871 to bave the
bont propartions for the purpose ?

Q.60. Ploaso indicato on th recond th relative
tho epurato ingredieats employed in

14000 grams,
100~
433

Q. 61. Having weloctod the composition of expori-
ment No. 871, ax a dusirablo one, what was then dono
experimontally ?

A. Having sottled on thin composition ax being all

oxporimonts wors mado on wolding and filtering
"Thoso exporimonts wo
conditions
I

paper strips, with tho object of rolnforcing ¢
or ; ulwo, pouriog tho vory hot wax in n co
in order to allow the bubblos to rise o the ta
The oxperiments on fltoring woro mado with the
objoot of eliminating crackling noinos in the rocord
whon mads, caused by foroign fmpuritios in the wax,
Auong these ex periments on wolding is n experimont
No. 893 which i o1 of the best proportious for. malt:
ing tho wax b that tiwe. 1t resds o follows :
“To 14000 graws of wearic acid, uso 2370
cubio centimetors of wandard solation of lye
(seo opposite).”

Tho Btandard Solutiou of lye referred to oa opposite
Page in as follows :

Legal Records

cylinder formulations

7. W. Aylsworth. £

* SraNDaRD SOLUTION o Lyk AXD ALUMINUN

Lowia' Iyo 1100 grams, Acotate of alumina dry
440 grams, Diswolved in enough water to. make
wp. gv. equal 13800 at B0 dogreos F. aftor
filtoring.”

Q. 02. Tn making dard Solution of eaustic
sodn and ..h.m..m ne eferred to, what ro-

by mizing

tho nolu-

u ; tho solution would then consist of free enustio

aluminate of sods and acetate of soda,

Q. 63. Whon such a solution i ndded to stearie ,..m
and hm.mx from 240 degrocs to 400 degrees F.,

o (on whioh the somponl

aro bused) what becomen

cotuto of wodn in decomposed by (he hot
fo acid in the s
but with this differen

ate of oda combiving with stearic acid, the alu
being the acid, it in replaced by atoario scid forming
stearata of sola, bat the alumina not being volatile and
being a base in itself, combines with the stoaric neid,
forming stearate of alumina.

Q. 64. What do experiments from 918 10962 inclusive
rolate

AT ofer o reducing the eleatritication of
the composition as developed whea the materinl in
shaved or turned. That in to say, when the record in
shaved off for the purpose of presanting & smooth wur-
f8ca to receive a ew rocord. These oxperiments wero
made by mizing small proportions of various sub-
stances ‘with No. 871. These experiments wers not
succomtul in removiog the diflculty, which was

18

198

189

sy Ty gl
dBandond IS -
8-_&;1 W;'\i& gw’ka L\.ukn(tg

duvia d ke — 1100 gamn

| Ccdata J&C&@g\ - o
J D nisolaned, A watin I
\M)“ ~‘H u«w~\ V3300 & 4oF

MW dy
'Jk \W__K' \("‘ AL %ﬁ— ¥4
) o Ao LMA'A/WU»

¢Jo \4o00

1%

29m0,c8, of dmmhan sdukiois
mnww&

WVL\VM:&‘”IS

, qAL X 2
T
e S
f%eiﬁ:s:;;x

W\MWM.
c{:rom&L L

~(.
b U( ;
e 288y

C e

39, 4 111 {Med ‘&“’““2}“

Wox Ja&w‘( ’6(,0




Al -4147
Ca-162
Fe -287
K-420
Na -28658

1029

Al -3040
Na -30089

38

Al-2930
Na -35574

Examining metals content by ICP

1058

Al -4050
Na -30700

Al-118
Ca-893
Fe-316
Na-531

4m black

|

. ..'..f.: J

Al-3418
Fe -996
Na -29622

Al -2358
Ca-687
Cu-176
Fe -480
Na-25231
Pb-116

2m black

Al-3771
Fe -489
K-343
Na -29453
Pb -1666

Al -4066
Ca-203
Fe-2304
K-178
Na -29684

Al -3708
Ca-182
Fe-493
K-334
Na -29624
Pb-1619

Grooved Rim

— Historic
—Lab batches

All values in
parts-per-million (ppm)




Organic compound analyses

[N257.24757 o

Period brown wax — . Jramiticacld
OH

Oleic acid

285 27789 WWWOH

257 24638
Lab wax N |

. W\iréa/r\/\icaciw Stearic and palmitic
(Composition 38) OH

acid complexes

28527703

Stearic acid q
/\/\/\/\/\/\/\/\)J\OH

Results showed no chemical change between original swab samples and new lab formulations



Coefficient of thermal expansion

R

Thermal cycle 100 °F to 0 °F (8-12x



Lab trials of prototype cleaning solutions

e Acetonitrile and water
solutions (1:3, 1:1, 3:1)

e 2.5% Tween 20, Triton X-100,
or Tergitol 15-S-7




Lab trlals of prototype Cleanlng solutions

Promising. But...

e Prototype solutions contained high acetonitrile for optimum cleaning,
particularly during rinse

e Evaporative cooling could lead to rapid thermal change at surface - leading to
breakage

e Not comfortable with the inherent risk
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