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Abstract Paper and paper-based cultural relics are of great value as the main carriers for writing and preserving infor-
mation. Acid-catalyzed hydrolysis is one of the most fatal reactions for paper degradation, and deacidification would effec-
tively slow down the rate of its degradation and prolong the life time of paper. Therefore, the design and application of dea-
cidifying materials with safety and effectiveness is the indispensable requirement for the protection of paper and paper-based
cultural relics. Generally, alkaline materials, such as amino/amine compounds, magnesium/calcium hydroxides, oxides, car-
bonates are the mostly used deacidifying materials for their good paper compatibility, suitable alkalinity, low cost and low
toxicity, which exhibit considerable paper deacidification performance. In this review, the recent research progresses of dea-
cidifying materials on liquid phase deacidification process were reviewed, including the categories of deacidifying materials,
preparation methods and the relationship between paper deacidification performance and structures of deacidifying materials,
finally, the challenges and development of deacidifying materials were also discussed. For classification purpose according to
chemical structure, deacidifying materials can be divided into four categories: ionic form, molecular form, micro/nano-scale
form and composite form. The deacidifying materials with molecular form can significantly improve the mechanical proper-
ties of paper and show a certain deacidification effect, it is necessary to control the improvement of mechanical properties
within reasonable ranges while considering the effective deacidification performance. Micro/nano-scale materials with large
surface area, good penetration and high efficiency are the widely used deacidifying materials, which can achieve better dea-
cidification effects at lower concentrations. The controlled alkalinity, high dispersion and suspension stability in solvents and
uniform distribution in paper fibers of micro/nano-scale materials are highly demanded. Additionally, ionic form materials
can interact with paper fibers more evenly through homogeneous deacidification process, but their alkaline reserve is rela-
tively insufficient. And more insight is demanded into the co-existence stability of composite deacidifying materials and its
contribution to paper protection.

Keywords paper; acid degradation; deacidifying materials; protection of paper-based cultural relics
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Table 1 Paper deacidifying protective materials with molecular forms
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Figure 1 (a) Transmission electron microscopy images of Ca(OH),
nanoparticles dispersed in ethanol and n-propanol®¥. (b) The effect of a
drop of Ca(OH), nanoparticles in cyclohexane on a mockup prepared
using acidic paper and Bic Cristal blue ink"**!. (c) Reflectance transfor-
mation imaging specular enhancement photographs of the contemporary
drawing before (right) and after (left) the application of Ca(OH), nano-
particles dispersed in cyclohexanel>)
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TEBAESC AR RS R IR T a8 IR RS (o))

Figure 2 (A) Schematic illustration of the surfactant-assisting confined
design of colloidal Mg(OH), nanoflakes directly for paper protection. (B)
Scanning electron microscope image (a), transmission electron micros-
copy images (b, c), statistical height distribution and atomic force micro-
scope image of Mg(OH), Ns-1.0 (d) and photograph of Mg(OH), Ns-1.0
colloidal solutions with Tyndall ()"
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Figure 3 Scheme of the preparation procedure of MgO loaded hal-
loysitel*¥
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Table 2 Paper deacidifying protective materials with micro/nano-scale and ionic forms
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des Whatman paper LAv3 Nano-Mg(OH), B
!
el Hmf‘fiﬁ%ﬁ*ﬁ» B Ca(OH), &
(571 ZeE - II’??;@COZ Ca(OH), IKI 2T
gl BP 2 Nano-Mg(OH),-SDS K
70% HWBP
hi3 S2 30% SWBP LT Nano-Ca(OH), ke
20% PFAK
ikl SCE 2 Nano-Ca(OH), K/
134 I 1 46 Nano-Ca(OH), LT I
90% GW
Pl 10% SWBP L
K4 20% KLAS .
2 Nano-Ca(OH),
75% GW
P2 25% SWRBP SN EE
20% KLAS
o MWP-1920/1940 — Nano-Ca(OHD, R134a
Newspaper in 1962 GEIm Y
=R
s i i o Mo sk
LI oleic acid-modified
nl* ARFK (PP A 12 MgO-Hal PR TR Y K T
90% GW
P1 10% SWBP .
20% KLAS
ol4e B Nano-CaCOs
75% GW
P2 25% SWBP B
20% KLAS
pt* AR R KA el Nano-Ca(C,H;COO0), LB
qi7 Standard paper /%(@ Mg(CH;COO), 7K/ 2%
Bk 5 CO,
52 FHI(1350; 1712; 1576) =i Ca(ticos), K
Mg(HCO3),
5150 W B SRR T 4 TUAR 12 NaHCO; K
{1 4% Il Na,B40;+10H,0 KIZEE BT CO,
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Bt A [ 5% B B A B Ca(OH), FlFFH JE 47 4k R
(MO)IE A FH0.8% (w) Ca(OH), Al 1% (w) MC FI7K
TR B T AR5 11 AR e R 5 n [ 521, 25 R R
4R5K ¥ pH EL P A 4.0~5.0 303 5.7~9.0, HAREEHL
YT AR JE BEFVBEIR S, [FIB 4R5K B PT Tk s 52 =
T 130%~250%. AEEESNEHREEN 0.1 mol/L IR
B AR R A K Ve o I R ) S A O PR T ARk,
IEPEARTK A A T B BR R A5 3347 B R LR 4, [ By )
1% (W)GIKEF4E 20 TR T3 oA B, AL 2R J5 AR5k 1)
pH {E M 4.32 $27+ 31 8.4, Pk Fia HORi 47 B AH Lk b 2 iy
ST T 19%F1 109%, Bhak, 18R4T BBk S i
R 217 1 A B B Re I N B, IR 7 T 485K —
(1 7 75 1 R

Amornkitbamrung SEBY 28 T 2 BEAT AN — FH kA
ot L 241 4 K (TMSC) A Mg(OH), 41Kk T-(RiAR 414 150
nm) 2 A5 EUR, #78 HMDSO. B %5 T RE
Y 5e Z R GRRL T BOPE 52, BT TMSC & iim]
CARE IR oKL T 1 2 R0 HE R D FISRTH B K 1, 76—l
Bl A B2 TMISC ¥R BE IR n, - 90 KbE 1 (10 3 W o s A
Je AR g PERG . 2 i BRIt 2 | A S 4R ] 482 B
TR BEER AN OR. RN 2 AT YE R (EC)
BT YK Mg(OH): ) 7y Hoh, A4 1 h f5TE
FRE A HOR, AR5K ) pH LRI 77 N AR IR 45 TR 2
%y B Mg(OH), Al EC [ 2405l 5 g/L
16 g/L, BEBTAREER) pH {E>H 8.31, 712K 28.5 MPa, K
A5 h 3.31%.

He ZE50M MgO 44K R 1-43 B7E HMDSO Ho il £ Bt
TR, AR5 MgO-HMDSO R w5 72 485K (1K) P I, 4%
KT S A L 2 T P VR B K VT (NaOH. B i Al
Ca(OH),), fix/a Wiy 2,3-F A N 28 = FH R E B (ETA)Y/
SREEKIBEY), BTSRRI Z et N, 1% F
FIT ¥ W ) e 7 25 A 1 7 sy TRk, B ERAE
WREWME 4 PR, SidiX—id A G, 485K 0 pH E R
FRAE7.5~9.0 2 [A], B fr B4 & ATk 220 mmol/kg, 485K#HT
#£3 UM LIE S AR E R

Table 3 Deacidifying protective materials with composite forms

o B AT A B 0 R = 28.05%A1 80%, FuE A ZE
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Performance
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Drying ®
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Figure 4 Schematic illustration of operation steps for paper deacidifica-
tionl>®!
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