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Abstract

This study presents the morphological and elemental analysis of the surface
of XVII century Georgian black ink manuscript using Atomic Force Microscopy
(AFM), Scanning electron microscopy (SEM), and Energy-Dispersion Spectropho-
tometry (EDS). Scanning electron microscopy (JEOL) obtained surface images of
manuscript samples and EDS revealed chemical content of manuscript’s surface
in percent. EDS data were collected from 11 different surfaces of manuscript. Ac-
cording to our EDS data, Carbon and oxygen element content mean values (in per-
cent) are 49.28% for carbon and 44.77% for oxygen. Besides those elements, trace
elements such as: sulfur, iron, potassium, magnesium, calcium, silicon, aluminum,
sodium, and lead were found. The scanning areas of a SEM images were: 50 and 100
micrometers. This work also presents the AFM (Vecco) method. In particular, with
this method, microstructures on the ink surface were identified, with a maximum
size of 12.87 microns and a minimum of 3 microns. In this study we have not pre-
sented structural identification of ink content, which will be conducted in our fu-
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ture research. However, analyzing the data from EDS reveals, that indeed carbon-
containing structures have been identified without recognizing specific substances.
Georgian black ink sample might be made from burnt wood or a bone that was used
as an ink pigment in seventeenth century. Our hypothesis suggests, that our ink
sample presented in this study was created from black ink pigment.

Key words: AFM, Black SEM, Manuscript, EDS AFM.
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50 3393590 Fomdmygbowo 93543L d9h300dg3g Lsm3Mbol JoGroneo
Jowobg gl gdemo bgwbsfig®o dsgo dgebol bgsdo®mol dme-
BOEMAO0NOHO o gegd GO0  SBsoBo  SEGMING  doemz56-003OM3M-
3o (533), GLEGHOWE 9e9dGHOMbmE JozMmbiM3Meo (H9d) s gbgMam-
©ob3gOLYo B39JBHOMBMEMIYGHOo FJMPYdOL 25dmygbgdom (9b).
HoLGHOME  gagdBOmbywo dozhmlzmdom (go®Mds jeol) dowgdme 0dbs
bgbsfgio dgeboll 60dmdol Bgs306mgdol dodmbobwmgdgdo s Bgs-
306300 3mb3MgBHMeEr 9699030, gEL-0  2odmgzwobos Igwbol bgs-
30609 5OLYOMEo Jodon® gargdgbGoms 3MMmEIbEWo d90339wMds. gL
dmbs399900 dogzomgo dsgo dgerbol 11 Lbgssbbgs Bged0m0sb. dotMo-
05O  398m3mgbowo 0dbs bsbToMdool s Fobydool  gwgdgb@gdo,
OMIgms 3Om3EgbEGMwo 999339¢mds  bydmsmo  Bsbdo®mdswols dgdmb-
393590 49.28% s 5605000 G9dmbzg35d0 44.77%-b 9950039bL. 3OS 53 MGO
9w9996@0Ls Fgsmgdom 33oMmg 99:3390MdOM godmazwrgboeo 0dbs 99dgyo
91999639d0: 3Mma0MH©0, ©306s, 35600, dsgybomdo, 3seEowydo, Loeroizowdo,
se)dobo, BoG®omdo s $HYz30s. MIBEGHMME0 9EgdEOMbo dozmhmbzm3ols
135606900l sGgoegdos: 50 s 100 FozmmIgEHEo. s3Mgmag 59 LGsGosdo
§omBmy9gbogros 533 339353 (B3> Vecco). 53 dgomm@om, godmgzwrgbowo
0gdbs  9gwbol  Bgsdom®By  JozOMMLEAHMMIGHMEOId0,  GMIJwms  BmIgdo
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0odb0dwa 12.87 dozMmbo s d0bodmad 3 dozmmbL d95099bs. 90 3393500
o0 93543L Pomdmepgbowo 53 LEH®YIEBHMMHIdOL MMMz 60ogmogMhgdgdol
00096@0x803E0M7ds, Mo3 LYTMIZWMmE 3359J3L FobBOHBMWO. M3y $dd-mo
©5 9gb-00 JoMgdMwo dmbszgdgdol dgxgMads (3bosEYMAL, ™A FsMows3
Bobdomdool 99933390 LEHM®NIBHIMHGd0s  godmazwrgbowo  3mb3MgG o
603009M9dsm5  00gbGH0B0IOE00L 2o609dg. gl FgbosdEwms ogml, Mmyme3
250md(3500 bg b dzseo, Mog 9gebol 30a396¢s®© 0ym 50mygbgdIEo
09P300009BH9 Lory3mbols Jomwar 93mdgsdo. Bzgbo 303mmgbs gobwrogm, ol
™3, 50bodbmwo Lszzwrgzo d9h300d9@ 9 Lo3mbol dgesbol dsbmlzMo3Eo
0o6BmogbL 30 303096306 sdbsEYdE Fgamsbls.

1553356dm Lo@yggdo: 530, 9530 dgersbo, Mgd, BsbmlizMoREO, gL

dgLsgoeo

OHMamO3  3bmdowos, dgmsbo 3oMzggmoe 2700 Hgwl B3z9bL  Fgarom-
50Mo3b350g, 939 93308300 ogm dgddboero. 08 MML 30d9bEo©
2990049690m@s 250maf3500 bsbdoMo s 9993309 bsmol MJqdol §gdm
(Tallet, P. 2012: 147-68). Lowsg 9g-12-g Loy3zmbgdo ®30bol G9d339eo ds30
9w sbo 459moymbgls (Henk, J. Porck and Teygeler, R. 2000). 0099935 cogobmgols
M3bmdos Ld 0gm 3oMmzqws dgddbowo M3060l 89d339wo Bogo dgersbo.
30b0b dgesbo (iron gall ink) Ggo3sgl ®3060L bryegs@l (FeSO,) 30309630l
Loboom. b godblibgms bdod 89dmbggzsdo s8moygbgds Gobobol dgs30
(Diringer, D. 1982: 551-552).

4996500090590b5g(39300  B5HT0MBoTYI(339e0  Fog0  30pd9bG0sbo  dg-
wsbo (Bomford, D. Kirby, J. Leighton, J. Roy, A. 1990: 112-119). bsbdo6dsgol
390960LmM30L 30239630 259M0Yygbads 56 Bobigsb, 56 dgzerolash asdmadfzsmo
BobdoMo, Fglisdanms 453maf3s6M0 3565630600 56 65300Md3OHM©JBHoi (Arnal. C,
Aizueta, M-U, Miliera, A. Bibao, R. 2011). bsb306dsg0 30339630560 8s30 dgensbo
G™390L o3 BgOL Lofg® bgs30®BY, Mdgmvy Lobsmwols o bsfowls
F09bmdogl. LHmemg bsbdo®mdsol 9993390 LEHMMIEHMIMIOO 296530HMBIOL
LObsMEPOL Lbogol OO 06EHBLOMBOM FNBMJTL s bowrer Lobsmerol
93069 96933sL. 593356 530 d9bols 990mbgzg35d0 OBYHBMMHO 56933
Ls3dom© 30609 LoEOEOLYS S EsTM3Z0EIdMos dgebols 899339 MdBY.
390dmnE, M5 fow 6sbHAomdsL dgoEogl  blbsGo. s©0bodbmwo  GHodol
65bdoMdoOol 30g39bG0 3MgolGHMMOo bsbowsb gsdmoyybgdmes (Winter,
J. and West FitzHugh, E. 2007: 1-37). 6sb3o®ds0lb 303396 sbigzg 094969dc0bgb:
9906560, 39009900, 356 30, 390569, 3035bM s 569 (Bone black. Colour-
Lex (https://colourlex.com/project/bone-black/).

Bobdo®mdools 30339630560 8 sbols byebsfigmo Bgsdo®mo boliosmgds
J030Mo@ dmsbmddmeo 5sbadsol 899339 mdom (39MdmJuowo,~CH= 56
-C(=0)- xX89%900, 3gbmwmgdo s bbg), HmIgwos sdm30gdos Mrym®s
39@bol sdbogdol F9gdbmerma 0By, obg blbsMol 998339 603009MYdSMS
33950MdsbY s o JMBEIbEHMOE0sHY.  Bgs3oMbg  F9bAdewdgd339w0
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d00gds 9@ ool mbgwo ggbom sgsM30L d90mbg935d03 30, M5YD Fowsero
d5d30L  gargd@®mmbmwo bbogol dmbggo®ol 99dmbggzsdo syowo 593l
96205000l 8993339 3m33MBoEJOOL JodoE Tl - 50MHGIOL godmyma3sls.
239O 530LY, 5MHME5dq9339¢0 BJOIZ0MO OYEgJEHMOIL FoMdmoyqbl-

M3 509l 9e9dEHOMbIE0 J03OMIZM3ME 459MbobmEgdol Jolswgds
LoFoMm Logbogdol @ EHIJ3osl. 50750500 BobdoMdoOlL 30396 0L Ifom-

9mgd9w0 0bEMLEBHM000 0m35woL{iobgdgb 53 gotgdmgdsly s FoMdmgdolols
1530560Bs© Fowoe 39ga3gMsG by godmf3s396 bobToMl, Goms BoBgbo
9623500099(339000 5OM50 6030009M9d9d0 smmmdwgl (Hennion, M.-C.
2000: 73-95).

B396 gmEo®gdsl 3585bg0gdm  Mmym®mE M30bol Tgesbby, sbgzg
BobdoMmd303096¢)00b6  FgasbBy, Moysb Bzgbo  3arggzoL  dobgzom,
9930003939 Loy3mbols bgwbsfigMo dgwsbo 8goEsgl oo Mosmabmdoom
BobBomdoEL, sBLMMBOMGOME H9bdoL s sbg3g G3Zobol doMg 90339-
WMO0MHE bolosmgds. B3960 330935 o6 53mb3MYEHIOL, ) HMIgEo GHodol
99wsbos, mmdas 3owbobs@ 3bsymal, MM dgboderms by3zergzo dgebols
3M33mBo@do IgMgmero ogml MMMz bsbTomdsol 3039630, sLgzg M30bol

LEgsGol 30396@0.
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