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Fig.1 Schematic diagram of paper deacidification

by electrolysis
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Table 1 pH values and folding resistance of different batches of acidified paper before and after deacidification
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Table 2 Chromaticity before and after deacidification of acidified paper
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Fig.3 Comparison of paper appearance before and after the experiment
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Table 3 Comparison of paper appearance and analysis indexes before and after deacidification experiment
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Fig.4 Variation of pH values with time for acidified paper

AP 4 FRa] i1, 76 B 64 O Jes i ] P, R iR o
ACTRMERR n] AR AE5K (9 pH {E4ERF1F 8. 0 ZE47, IF
HZgd Ak R 48K 8 pH AR 105 A7 /1M i B4

$eTt, A ESE N ARk B R Je S B T —E YT
o XU, FLR IR MG R F R, AR
RS 1) -4, S AT M) T 0K B R A, 4RK IR
MR B A

345 ®©

TERLARRVE T, IR A 4R 5k rh il 25 1 O R AR 5
F (W S0;™ \NO; (€17, CO3™ 4) , — [T 5 K I
AR 4 R S 4, — 7 T s 4k ) AR A2 3
MR AR LB ACSK TG Z A B g 1T LA
T A R K R A 2 Y AT AR ST, 3 TR 5K A B
JESHUMERE . RIS, ) B4R RS 3 ) o <5 Jas 2 0
Sl LS ARk b i A7 IO IR (R Ui 5 HH ) BEAT o A
N — P B DUTE 7R AR 5K R 2 SiE % 4K 5K R 1k
MIVERT. SCBGAS SRR M, A Al B IR AR O T % SE
KIS AL R R R 248 5K 01 S USRI pHL AL | it 47
JEE 30 AR PRI ] RCRASE M AU,
VA IR I RE T A 12 S8 Tl /I T8 TR L SE T i 15 M 5 |
LR A R TS IL AT, SCRENS 46 i b B [A] R
S MR AR A IR TR] IR 10 A G Tk Ao [, ads m LAAE
APFEISCAR BTG O , 3R — R PEAL B 0T 22 5
PARCRENWESCAS , S i AL B o 350, l T RRAR B 1
AR 25 B, Rk Ak BRUS A 23 PR O 4R K Hh B B )
LR B BB R0 1, IRAR B PR UOE R, it AR
LR AR” R BLSR

HT T B YRS FEL AR 125 IO 29 4 5K B 1 P 40 28 T 2
T AT PR 0 5 SR vk — A . AR SO fR
PRSP AT B L, 4RO AR B — th AR R A
B, B AR BURE kL AR ST AL AR AL BRAR K 2 K A



14 SRS 25 T R $31 &
{j‘*ﬁfj?ﬁ"/ﬂ:ﬁ Euﬁﬁﬁ Xj‘ QEE iﬁk&}ﬂ E/JTY_‘ E’J 2 on vacuum deacidification and freeze — drying for acid — processed

e IR A e R S0 S I 5T, I T 1% S S B
4)37@1‘5%’[&@53 SCHRA AT A BT, R N

{4 ASE R SCH IR 20 5 5T Z L, KR
TFIVE%‘?E@%TF%@E?C%E‘JEE,@?EXC%EI"J
LAV E Lo FUARE A — o (4 B R 77 vk 2
HRPERZOHE S 0T 98, FE ARG E T Zkn] 2
T, VIO SR EEAME I, LA X 05T SO 36 A ] 93
M % o

S 3Lk

[1] ARNOLD R B. The preservation of paper: How long will the page
you are reading last? [J] Serials Review,1997,23(4) :15 -26.

[2] AREA M C, CHERADAME H. Paper aging and degradation;
recent findings and research methods [ J]. Bioresources,2011,6
(4) :5307 -5337.

[3] BATY J] W, MAITLAND C L, MINTER W, et al. Deacidification

for the conservation and preservation of paper — based works: A

review[ J]. Bioresources,2010,5(3) ;1955 -2023.

WHITMORE P M, BOGAARD J. Determination of the cellulose

—
~
i

scission route in the hydrolytic and oxidative degradation of paper
[J]. Restaurator,1994 15(1) :26 —45.

[5] BANSA H. Aqueous deacidification — with calcium or with magnesium
[J]. Restaurator,1998,19(1) ;1 —40.

[6] CHERADAME H, IPERT S, ROUSSET E. Mass deacidification of
paper and books, I. Study limitations gas phase process [ J].
Restaurator,2003 ,24 (4 ) .227 - 229.

[7] GIORGI R, BOZZI C, DEI L, et al. Nanoparticles of Mg( OH), :
Synthesis and application to paper conservation[ J]. Langmuir; the
ACS Journal of Surfaces and Colloids,2005,21(18) :8495 —8501.

[8] WANG Y, FANG Y, TAN W, et al. Preservation of aged paper
using borax in alcohols and the supercritical carbon dioxide system
[J]. Journal of Cultural Heritage,2013,14(1) .16 -22.

(9] 2, WFL, AW, 4. S8 T HORTE I B LCTT S i
FRIRY R ORI SEL T ] SCH PRI 5 % ) 24 ,2014,26 (1)
76 - 80.
LI Qinglian, HE Yuhong, LI Xianhui, et al. Application of plasma
technology in deacidification of modern and contemporary paper
relics[ J].
(1):76 -80.

[10] CLARK R J H, GIBBS P J, JARIJS R A. An investigation into

Sciences of Conservation and Archaeology, 2014, 26

the deacidification of paper by ethoxymagnesium ethylcarbonate

[J]. Journal of Materials Chemistry 1998,8(12) :2685 —2690.
(1] fEHF 2 RBRHE, 45 M ALAT BT SO K i i B = IR AN v

(fﬁﬂ%ﬁt%ﬁﬁﬁt[]] . Ee ,2014,51(1) ;73 - 76.

ZHAN Yanping, LI Chao, YU Yuejin, et al. Experimental study

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

paper relics[ J]. Vacuum,2014,51(1) .73 -76.

AT, IR, BRIEIR, 45 A I FR MO B A 52 [T ).
[ 1 4K, 2009 ,28 (10) 234 - 37.
ZHENG Dongqing, ZHANG Jinping, CHEN Xiaoli, et al.
Deacidification of a whole book without debinding by immersion

[J]. China Pulp & Paper,2009,28(10) ;34 —37.

TR RN, B, AF. TURBE R 1 8870 X R 5K R 1 Y
B5ELI]. 4R ,2016,35(5) :35 -38.

ZHANG Yuzhi, ZHANG Jinping, YUN Yue, et al. Effects of
weltting agents on deacidified paper properties[ J]. China Pulp and
Paper,2016,35(5) :35 - 38.

R ARBUCY LR 5 N1y vk i Sk
R ,2008,20 (B4F)) 185 -94.

XI Sancai.

[J]. e tian 5%

The summary of deacidification and consolidation of
paper cultural relies[ J].
2008 ,20( Suppl) :85 —94.

CARTER H A. The chemistry of paper preservation: Part 1. the

Sciences of Conservation and Archaeology,

aging of paper and conservation techniques[ J]. Journal of Chemical
Education, 1996 ,73(5) :417 —420.

Bukovsky V. Yellowing of newspaper after deacidification with
methyl magnesium carbonate[ J]. Restaurator,1997 ,18(1) ;25 -
38.

ROUSSET E, IPERT
of Paper and Books, II: Deacidification in the Liquid Phase Using
Aminosilanes[ J]. Restaurator,2004,25(2) :104 - 118.

IPERT S, ROUSSET E, CHERADAME H. Mass deacidification

S, CHERADAME H. Mass Deacidification

of papers and books Il : Study of a paper strengthening and
deacidification process with amino alkyl alkoxy silanes [ J].
Restaurator,2005,26 (4) :250 —264.

IPERT S, DUPONT A L, LAVEDRINE B,

et al. Mass

deacidification of papers and books. IV — A study of papers
treated with aminoalkylalkoxysilanes and their resistance to ageing
[J]. Polymer Degradation and Stability,2006,91 (12) ;3448 -
3455.
”)( VA PR 5 7K TS U VRO X 4R BT SO I R S8R 1) 5 )
1. 3C AP 575 R ,2009,21(2) 244 47,
LIANG Yi, QING Mei.
ethanol mined solution on deacidification effect on paper — cultural
relics[ J]. Sciences of Conservation and Archaeology, 2009, 21
(2) .44 -47.
JEIREAR R SRR L RRBOR [T ] hER 5, 1998 (12) 128 -29.
Zhou Yaolin. Deacidification technology for archival paper[]J].
Chinese Archives,1998(12) :28 -29.
EMIL G I, DORINA R, SIMONA D,

Influence of calcium propionate — water —

et al. High — frequency

plasma in heritage photo decontamination [ J |]. Annals of

Microbiology ,2010,60(2) :355 - 361.



%3 WO AR B R 5 15

Research on deacidification of paper by electrolysis

HUANG Qiao, QIN Ying, YANG Chengda
( Department of History of Science and Scientific Archaeology, University of Science and Technology of China, Hefei 230026, China)

Abstract; Acidification is the main cause of self — destruction of paper files, cultural relics and books, etc. Since
the existing deacidification methods are not that practical, innovation and breakthroughs are required. The
traditional aqueous solution method not only does well in deacidification, but is safe to paper, environmentally
friendly, easy to do and economical as well. Therefore, if its shortcomings could be overcome, this deacidification
method may have broader prospects of application. In light of this, in our study we supplemented the traditional
aqueous solution method of paper deacidification with electrolysis. The working principle is that acidified paper in a
wet state and an external DC power source forms an electrolytic cell which quickly removes charged particles
(e.g., protons) from the paper, achieving quick deacidification. After using the traditional aqueous solution
method and the innovative electrolysis method to treat naturally acidified paper, we analyzed the appearances and
properties of the paper before and after deacidification. The results show that the electrolysis method can effectively
remove protons from the paper and reduce its acidity. The innovation not only is simple and reliable, green, safe
and of lower cost than the traditional method, but also overcomes the problems including deformation, expansion
and low work efficiency associated with the long — term wet state of paper.
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