
am 

m m m m m m m 

•x&> * * s i f e T # f t H * w * i f l . JH±B*, p,%-mm 
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<pmmm%x^m^.mammmxum«.x^^w 
mm M S S ^ I B . e f t , Mij^mmnr^f&m 

« j h 1995 *Jg, ^ / S T M S W & I f K 
§E. wAi&TMTmfibmmm&mv}, mmtm, m% 
t a g , a fir i § f t * $ # M 

1996-97 m ^ m » j p ^ w s i a i ± , n a u a s 
?fmT-mm&p%$k, M I 9 9 8 * S * - ^ 

« 7 W ^ S W » » ^ I f f , tt*W£9iBJR»7*:*:£ 
8S. * X f f f 9 l ? W ^ i r f f l W 3 ? a * . 1996-1998 
^ W ^ - f f i ^ M ^ ^ W ^ M i r i a M o 

w m ^ a * ^ ® * ® * . 8 i 3 f 4 J S 5 c t j ^ ^ i r — & m s m f t 

M . B f f a a ^ » 3 t t j « g - M » i f l , / S M ^ / j c - ^ ^ j ^ t s , 

s e a . 

f f f l i * I W f e B i r t f l i . 9 f i ^ M i T 

a HgS . PbCOj 

I t ft A s , 0 , 

^ ft CuCO^OH), 

m ft C u ( C 0 J , ( 0 H ) ; 

* ft BaCuSi-.0„ 

Ca , (P04) ,0H . PbCO, 

l. UfflflFSEtfifrt-

fi^^M*, a ^ A * * : 

wm 

- S u 

ffl\MB+tmM "S 
mm KSffiJfrMMKttg 

+ 
IB 

s , a i i i f t M i s ^ - . 

R f l X H t ^ W a -"Hf&ffiMtX 
Z, S S g M ^ # j £ * f £ W * i ^ l N ^ l f l B t P ft 
W m ^ W ^ ^ ' f L g + ^ ^ W M ^ g ^ i H S ^ T K f f l i ^ 
S i , W i H . « t t M « J ? « ^ 

1.2 mjmmm^mm 
mnmMZia], m&&mzm> i&mmwzm®mtiw®i 

mi&j&m&mmmKymigmm, ^mamm 
mmzmm, 3tewmis&&, tkj&m&mw,mm® i, 
# a ii. 1-2). 

1.3 \&m&%v?®®.n!fc< ^mvEm^mm^msmm. 

1.4 » x i ^ # j j B @ * f f i , * « & g s « * . § p * - t o i t a f f j 

to a . j p H » J « f * n A - j e * * ' f k S " J ^ . 

2. 1996-1998 M9f$EJ&J» 

g i l i S + * W « * . 2tfTTi*fi935lfetM, ^ f a S * ^ * * 

m^m^mmvm nm, miWA&.M%&mnTik 
KMS.SfP.6S. iUI .®#«2&«&. ffltPMEB, 
tb : ftj^&M^afif&saui. ««t j f f f i^+«6MM«F 
tt, w ^ ^ f e ^ t o i i f q m M ^ ^ r i B M t t a o 

a f n a i B T ^ T W ^ g : 
(1) * f f l * # t / i ^ ^ f f l W * f * 4 « f t » g ' t ' W * 4 ) - . ffim 

i^inf^ffl^iWttiHJtijAnei. 
(2) ffl*»sAaiM+aft*^, i f l t i f j s i J j ^ M ^ 

i s * * . & $ / i ^ # 2 r B ] i g t t i @ f t f f l . 
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• & * ) ii 
M a k i n g l a c q u e r layer s t e a d y 

M i * flit Prevent shr inkage lllWM C o n s o l i d a t i o n 

fh *Vi **i <Fi Prevent shrinkuge mgfiM 
lR\ IM )PJ Consolidation agent 

m i * * A . ' j | * : « t f t 
Monomer penelrule polymerized 

I Experiment 

» a nr M * m 
Selecl prevent shrinkage 

» & lm |A1 « 
Selecl consoliduis 

c t u f t s : -
2 Experiment 

Select momumenl 
« Mi iit fx it Ik 

Fmd out polymerized method 

11 >• rv»n111 • : • i;-
Coopcrutktn experiment Uxperimeni on Iruumenis 

3. « iJ v £&£ -

3.1 i a ^ J P J W ^ t k ^ 

% mw&mifc'&mmmfe, ffiTMM^. * 

^ * M r ! 6 w r i » # » M 21 ^mmnj^m^ 
* 4 # u < ? P | & ^ * & f l i T m « : W t a » a i ^ * . 

K 

J././ 

B g i K ^ r a ( * w ) 5 i t e 4 ? f M ^ * a ; # , 
d>#S3& 0.5 x 0 .5mm „ 

3 1.2. tfftttM 
rtmMttftftMfttt&mmmwf® 
mmms^m, ^mumn^m^M 2. 

\mmmmm. 

Table 2: Materials and Ireatment methods. 

-m^miz&Tftmmvsm, mmmrn-, %t®mffii)amm-m. « t - A i , A 2 , A 3 , A 4 , A i 3 * f f l T ^ « c f f i s ^ f $ 

S W g ? S ^ ( 1 3 . 60 , 80 , 100%). 

No. T r e a t m e n t Agen t A p p l i c a t i o n 

A l Glycerin / Water soaking: 30 % 5d; 60 % 7d; 80 % lOd; 100 % lOd 
A2 PEG 400 / Water soaking: 30 % 5d; 60 % 7d; 80 % lOd; 100 % lOd 
A3 PEG 200 / Water soaking: 30 % 5d; 60 % 7d; 80 % lOd; 100 % lOd 
A 4 D-mannit / Water soaking: 5 % 9d; 10 % ; 16 % 
A5-1 Phenol / Wa te r ( P ' s tep) soaking: 90 % 5d 
A5-2 Formaldehyde (2"d s tep) gas over solution (30 % ) lOd 
A5-3 Aceta ldehyde (3rd step) soaking: lOd 
A 6 Tr ie thanolamine dr ipping 
A 7 Gloyxal / Water 40 % dr ipping 
A8 hygroscopic Salt: LiCI / Water dr ipping: saturated solution 
A 9 PEG 200 / D A P 80 :20 dr ipping 
A10 PEG 4 0 0 / D A P 80:20 dr ipping 
A l l PEG 1500 / D A P / Wa te r 66:17:17 dr ipping 
A12 1 .3-Propylammonium-dichlor ide (PAD+HC1) dr ipping 
A13 MEG (ethylen glycol) / Water soaking: 30 % 7d; 60 % lOd; 80 % d; 100 % d 
A14 p re -PMMA / Acetone , 50:50 dr ipp ing 
A15 n -Hexadecy lammonium-ch loride / 

Acetone+ Water (20:80) 
soaking 

A16 Colophonium / Ace tone 1:2 dr ipping 
A17 Tet ramethylammonium-hydroxide / Wa te r dr ipping 
A18 Tungoil (300 C) / Ethylacetate soaking 
A19 Tungoil / Ethylacetate soak ing 
A20 PEG 1 5 0 0 - G l y c e r i n 1:1 soaking 
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ffi1imm;&. M>P Al, A2, A3, A4, A13 M 
i t J $ J t M i S ? l i : f r f f i ( 1 3 , 60 . 80 . 100%), 

3 .1.3 Hffi 
mim® @ u^i$ms.^-rmmwim^ w\m @ w 
± ^ m 6 2 > t n « 3 & * . i&m®mm&%<t- ummx 
MW^mmAmft^mk&mmmtu&tftmm^m 
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M , i ^ f ^ g ^ M - ^ ^ f e w . 
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ft&mM%k&m, mjsmmmftM'gw-m, R^mx-mmm 
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m*j5nB®%*.T%it, im&MMRM&mmtmm 
ssm, &wmnm£th'-"tt^; mmmw&m 
tmft&mm^%i'$.Mi&%, nm-&® 

tt%wi£®m®m&Tm&®mrt?m5L&® 

# w e i J 3 i 3 B f c , mL^mm^u^s i 9 9 5 ^ i t p % i g 

^ ) f i t t ^ ) | * W e j a i $ f t B P » r i i W I S * . 

ii^esKi^W'j^^ffif*, ftttftntixiftE. *SB 
ffl/J^SttSligW. * * b « t t ' h * > t , S # « J g f t f c # f f l E 

g * t a i 4 « / j > j * ^ , tfffls:tk«Kiitt. i n * i t i 4 f f i m , fss 

i P S s i - t t a e w / j ^ M - i f e t t t t ^ ^ s s ^ j f i f f l H 

# , P J ; i " - ' W , K f t M f f » ! i N * " + - " * r a . 

ttlBMUfefflfe 

^m^mmmKmm^WMmmxR'&mmm 
s e « t s » a T W t f i * a n t w « ^ w f r ^ 3 g i k i f c ^ s f n s f 

^ f f i W N f f i ^ : - . *Jfc . ftfn&Si+Ta^ifffi, fftttfS 

JPT: J t a A b S J n M ' H S t f ^ f f i . 

M, m$0fr%ft$MftM^M%££% m^'bm 

mmM^&^ft, i f t t*"- 'W, 5LZ, »•+". 

m^mf H^ULM 3 ( £ 26 i s ) . 

3.2 taHJWWJtlt^lfe 

* « ^ w i w i * i c f | J j a i i t : f a i M * n B W i n H f f j . * « g i ^ a 

a f e f f s t i f c ^ i f t , j i a - ^ ? ' J W i f f * » f ttWiaai r s f ^ ^ A P 

@ W 3 # i m @ j M ( J B . 2 6 S i g 4 ) . 

J .2 . / 

# 7 £ & * f t f c £ - 9 & S & i £ X & 1 f M X ^ M T f f l J H ^ ^ 

M W J t i * & . l f e f n j S J R T e g J ! f t J S W # W l S i & 4 * M J ¥ J t ^ 

*£inJf £ M * ' h # J J & 0.5 x 0.5mm . 

3.2.2 tttbgmMWfti 
(i) tmmmmmnt^ 

%TTmxffliiummxtmmM&m&Ai!a®%i#, mmrr 

&QfflMlk: ft®mwxiik&$ift±, ffiwmmm, m 

j t S & j & s K & i ? 

imF&nm 
M M f t £ j M f 

£ ft fifcfi* mmisim fift ftft 
+ = + = + + = + = "+" = 

rass fcftfc 

+ / - = W + / - = + / - = + / - = + / - = 
s t s s t * W - - J £ 3 S £ 

^ f f l / ^ f i wrntt® ® S § HHMiUC^ * W S 3 t » 

* t l £ » S * & * £ 5 ( £ 27 M ) . 

<2) inmMmMmtoft±$w&$i& 
wmiwmMmi-mAWrtimih w %RH(mt-,&&mti 
&%frmttiftM&)ttm%*m%mm, muimm^m 
tiWJ£Bt&& (iC. 27 R%6). 
(3) # # i W @ J P J £ « t f ± M * f H ; £ l f t 

W J D » & £ S m ± , T f l l J H S I f t f c & a * ( £ 2 7 7) . 

H ^ K U i H f i l i i j ^ * , « T ^ # d i ^ T ^ i f e : finSflJ CI ifl 

^ ^ t t S l f t * t * g W i S E 2 t t a » . ntk% C5b fO C12 

3.3 £ * $ P H t f ± M £ & 
U J mt£g$$ 
£ * S P E G 2 0 0 . P E G 4 0 0 . 1 t * 5 ! t a 5 M # ^ « i f M t n : i S ^ « 

* , ffitt«l§#£#&£ffi^JaHIttifllM1&/£, PEG400 
tt7lWS*T- PEG200 . H f e i f i g PEG200 

mm®®. 
&mjr&: mmmtm. PEG2OO 

(40. 60. 80. 100 %M1-$r$%i 5 3I-. 
ttS^^tfeWSit F-005a/96 ^ F-003/ 96 

I^M-F-003 /96 , £ fcS /g„ 

PEG2OO g a s a n s » i f f e f t t t a . 

« » W ^ r t f l y t 4 , « f f T 4 ' N & u r . ^ ^ J i W M f e S f * * 

M ^ « ^ » w a i f . « m ^ 3 P ^ f f i * . ±zm%m® 

25 



N o . S h r i n k a g e P r e v e n t i o n B r i t t l e n e s s L o n g T i m e E f f e c t O v e r a l l A p p r a i s a l N o t e 

A l ++ + +/- ++ 
A 2 ++ _ + + 
A 3 ++ +/- + ++ 
A 4 _ +/- - +/-
A 5 - 1 + +/- - -
A 5 - 2 _ _ - -
A 5 - 3 - +/- - -
A 6 _ • - - • y e l l o w 

A 7 + t- + -
A 8 _ +/- - -
A 9 +/- + - +/- y e l l o w 
A I O +/- + - - y e l l o w 
A l l _ + - - y e l l o w 
A 1 2 _ +/- - + 
A 1 3 + - - +/-
A 1 4 i — • -
A 1 5 - -- - -
A 1 6 _ — -
A 1 7 - - - -
A 1 8 - - - -
A 1 9 - - - -

Tabic 3: Evaluation result: A1 = A3 > A2 >A7 > A13. 

K M M W t t i l f t * * *SVM6iT3&$te M AlCH1i&)3W8fiDfrt6, A2(PEG40oy#?£ , A 3 ( P E G 2 0 0 ) ^ a , A 7 ( Z . - g ? 4 0 % 

VXR A i 3 ( £ - 8 ? ) : f r f f i £ & ! p 4 S * . K + f t i f f f f l f t AI ft A 3 , S & A 2 . A 7 . A H „ 

Tabic 4: Consolidation agents. 

No. Consol idat ion Material Solvent PH No. Conso l idat ion Material So lvent PH 
CI Polyurethandispers ion 

(Kremer 7680) 
Wate r 5-6 C 1 2 Buthylmethacryla td ispers ion 

( M o t e m a W P C ) 
W a t e r 6 -7 

C l b CI in Ethanol 1:2 Wate r / 
Ethanol 

7-8 C 1 3 Bologna-Cockta i l X y l e n e / 
Ace tone 

C2 Colophonium + Acetone 1:2 Acetone C 1 4 b Beeswax C14 ( f ine) / Dispers ion 
(Ul t rasonic) 

W a t e r 7-8 

C 3 Laquergum + Glycerine Wate r 5-6 C 1 5 b U r u s h i o l C 15 t B u O H 
C5 Polymethylmetacryla tdispers ion 

1:2 (Primal A C 33) 
Wate r 7-8 C 1 6 C 1 4 b + C 1 3 b / B e e s w a x 

(Ultrasonic) + Polyure thane 
(in Ethanol ) 1:3 

W a t e r 7-8 

C 5 b Primal A C 33 in Ethanol / 
Dispersion 

Wate r / 
Thanol 

7-8 C 1 7 Acrylk leber ( 4 8 % ) + Ethanol 1:9 
(Kremer 360 H V ) 

Ethanol 

C7 Polyacrylatdispersion 1:2 
(Motema Finish) 

Xylene C 1 8 Plexisol P 550 4 0 % (42 % ) + 
Whi t e Spirit 1:2 

Whi t e 
Spirit 

C 7 b Molema Finish + t B u O H t B u O H C 1 9 Paraloid B 72 9 % + M T M O S 7 % 
in t B u O H 

t B u O H 

C8 Wacker Steinfest iger O H Ethyl-
Acetate 

C 2 0 Shel lac (in Borax-solut ion) W a t e r 

C9 B C P (Bologna-Cockta i l ) 
+ PEG 200 

organic C21 Water -based Epoxy-Res in-
Dispersion (S ikaf loor 2520) 

W a t e r 

CIO Polyacrylate-micropart ic le-
dispersion ( f rom Sichuan) 

W a t e r 
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No. Rol l ing C r a c k s A d h e s i o n C o l o u r Gloss C o n c l u s i o n 
C I + + ++ + + very g o o d 
C l b + - + + / - + + / - uoocl 
C2 + + / - + + _ good 
C 3 - - - + + bad 
C 5 + / - — + + - bad 
( 5 b + / - — + + + / - ordinary 
C 7 - + + / - - + / - uood 
C 7 b + / - + + + + / - uood 
C 8 + / - - - + / - very bad 
C 9 - + / - + / - + + good 
CIO + - + / - + _ ordinary 
C 1 2 + - + • _ good 
C 1 3 + / - - - + + ordinary 
C 1 4 b + / - - • + ( s o m e whi t e )* + good 
C 1 5 b + i — - - very bad 
C 1 6 + / - - + + + bad 
( 1 7 - + - + - bad 
C 1 8 + + + + + very g o o d 
C 1 9 + - + + + + / - good 
C 2 0 - - - + / - — very bad 
C2I - + / - + / - s lowly** • - bad 

Table 5: Comparsion tests on the separate ground layer flakes. 
* : The colour of the laquer flake was slightly white. 
**: The epoxy-resin hardens very slowly. 

A±^mHi: $ £ & £ £ # a * ? M £ C l > C 1 8 > C 7 b 

Table 6: Conclusion of the experiments on damp 
terracotta pieces. 
C3 > CI = C5b = C9 = C13 = C14b = C20 

N o . C o l o u r G l o s s 
C I + + 
C l b + / - + / -
( 2 - -
C 3 ++ ++ 
C 5 + / - + / -
C 5 b + + 
C/7 + / - + / -
C 7 b - + / -
C 8 
C 9 + • 

CIO - + / -
C 1 2 + / - + / -
C 1 3 + + 
C 1 4 b + + 
C 1 5 b + 
C 1 6 _ + 
C 1 7 + / -
C 1 8 + -
( 1 9 - + 
C 2 0 + 

C 2 1 - • 

Table 7: Conclusion of the experiments 
on glass pieces. 

i f f r j ^ p ^ : CI = C2 = C5b = C12 = C19 

N o . A p p e a r a n c e 
C I + 
C l b + 
C 2 - ( n o t d r y ) 
C 3 _ 

C 5 _ 

C 5 b 
C 7 -
C 7 b + / - ( b r i t t l e ) 
C 8 -
C 9 + / -
C I O + 
C 1 2 + 
C 1 3 -
C 1 4 b -
C 1 5 b — 

C 1 6 -
C 1 7 i -
C 1 8 + / -
( 1 9 + 
C 2 0 -
C 2 1 + 
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$ EH II, 4. K J t F-005a/96 , 4 b S J § . 
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%ZL%: PEG200: H2O=60: 40, 3 3i 
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002/96 ftR, 
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ffi±», « « t f ± W 8 S M t t 3 / 3 8 . ttJ*, 
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i^ f f i III. 8. p|it F-008/96 , fttS^So 
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S t t f t f P ^ t f a f i * * . 

a : » * 3 P j « ^ » j i w * - f t a f T i i t - * ( j t f t . g M f t ^ ! t ^ - p s ) 

ffitt PEG200 WW, ffittttHim ffijhflliSffiJ&$&$ 

ftftttfrttft: 
ffiFSJt4fc-T-t6*MfcS. 

8 5 Z 1 # : PU: PEG200: HjO=2.5 : 30: 67.5, 2 ^ 

PEG200: H,O=60: 40, 2 ^ 

f g E ^ : * $ P E G 2 0 0 . I ^ 

%&mm*&m-mm&m%, e s s § 
mi n, flMWfc*ft#« 

M M , 9. PSK-F-007/98, & a 2 / 5 . 

III, 10. H J t F-003/98, 

M I D . ' 1 1 . HiM" F-012/98, a a ^ u s . 

M III, 12. P§>T-F-013/98. ftatJS. 

3.4 

(1) ft^*ffi^fW«®. S Z . r B K P E O J I ^ & t f M t r i 

toMMr. 

(2) ftm«gffl-ft#ws«i3>j-5iiis 
j * ^ + w * ^ ^ « # » } S } p J W i E f t * w i f l . a 
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ffi#^, m&T&&mm*to&#5tji&t8iMff}&£#&. 
(3) T ^ T " * * / 200u W P E G ( P E G 2 0 0 ) & 7 # : i g i I $ f l l I t $ 

&%&-t>n%m&7J^M**. m. ^tmmmmm 
l O M T S J M H M & t t . 
( 4) ff ^ t t f t # * r J U t t f t M t i M a * ? * 

£ 7 f f l f « M l H I @ f t f f L ffitt&T, X £ f l § ( P U ) ? L i S ( K r c m e r 

7680)ftJ! l»lJWMll yOBKtelemB W P Q T O f f l ^ B B W t . 

(5) &&&$^pi]m&M&®m£%ft%Mz%i&m 
M m ^ i w r n ^ m T 2 « f e : w t i i B g M 7 j f i 4 
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IKifc » * f l 8 * f r » e « £ £ l t e D S i l 7 J « 3 & . 

4. ijlSRfrWftJlT'** 

1996/97 ^ J K t t f f J & M i S J J i m ftXt 20 £ f t * f * i a f 7 * 6 
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mmm -^-mmn, w%mmti& 

5. 

W * S 5 W « ^ g ± . f u m r A t t . fiSiRftWfflWf 
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Fig. 1. This set of five photos shows the movement of the lacquer layer during the drying process. This lacquer layer (has peeled off from the terra 
cotta) was taken from a box (100 % RH) to an open room (60 % RH). It happened in four minutes. (Photos: Cristina Thieme) 
1: The phase of the beginning: 100 % RH: 2: The phase after I minute, under 60 % RH; 3: After 2 minutes; 4: The phase after four minutes; 5: After 
five minutes 
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Z h o u Tie 

New Developments in the Conservation of the Polychromy of the 
Terracotta Army 

This paper (see colour plates II, III) is on the progress of re
search on the conservation of the polychromy of the terracotta 
warriors which was carried out by the Museum of the Terracot
ta Warriors, and the Baycrisches Landesamt fur Denkmalpflege. 
A large amount of work has been done on this project: 
(1) The structure of the paint layer was investigated. 
(2) The components of pigments were analysed. Chinese lac

quer was considered the main component of the ground lay
er. 

(3) The key reasons for the polychrome damage were discov
ered: the adhesion of the pigment particles to one another is 
very weak; especially the ground layer is very sensitive to 
the loss of water. It shrinks extensively when drying, causing 
a detachment of the ground layer from the terracotta base 
and a rising of the pigments. 

(4) Several physical drying-methods were tested, but were 
proved not fit for conservation. 

(5) Various methods of consolidation were tested, but not found 
appropriate. 

Based on previous research, the key to the conservation of the 
paint layers is to steady the ground lacquer layer. The conserva
tion methods for the polychromy of the terracotta must include 

two aspects: the paint layers should not shrink and must be con
solidated. 

Applying a monomer to penetrate into the ground layer, so 
that a polymerised reaction can take place, the consolidation be
tween the lacquer layer and the terracotta base ensues. 
The following two experiments were carried out from 1996-
1998. 
(1) 21 consolidation agents and 19 agents preventing shrinkage 

were tested and evaluated. Polyurethane dispersion (PU) and 
PEG 200 (anti-shrink) were considered as better conserva
tion shrinkage prevention agents. Some original fragments 
with polychrome layers were treated stepwise with PEG 200 
and PU dispersion after application of the last treatment step 
(100 % PEG 200). The fragments could be exposed to the 
environment for two years and the stability of the preserved 
polychrome layers did not change. 

(2) 20 monomers were tested. By means of these experiments, 
suitable monomers were determined. Various polymerising 
methods were tested (such as starter UV, etc.) The EB poly
merisation method was finally selected, the fragment was 
treated with the monomer PLEX 6803-20 (water-soluble 
acrylic ester) and EB polymerised. It showed perfect results. 
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