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PANH GIA KHA NANG UC CHE AN MON CUA 1,2,3-BENZOTRIAZOL
POI VOI CAC MAU HQP KIM PONG, PHUC VU CONG TAC BAO QUAN
HIEN VAT TRONG BAO TANG
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Khoa Hoa hoc- Truong BDH Khoa hoc Ty nhién- Pai hoc Quéc Gia Ha Noi

SUMMARY

EVALUATION OF BENZOTRIAZOLE INHIBITOR TO THE CORUPTION
OF COPPER FOR THE PRESERVATION OF ARTIFACS IN MUSEUMS

In this study, benzotriazole (BTA) used as a good inhibitor on corrosion of copper in 3.5% NaCl or
0.001 M HCI has been studied through immersion tests. It was found that at the concentration of 4%
BTA, the inhibition of corruption of copper by forming a couprous ion- BTA condensation compound in

minium 24 hours exposure. The increasing of concentration of NaCl or HCI concentration will increase

the corrosion of coper but can be controlled by BTA film.
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1. MO PAU

Céc hién vat dong trong bao tang di ton tai qua
hang nghin nim dudi nhing diéu kién moéi
truong khac nhau nhu trong 1ong dt, day bién,
song ho,... von da bi xudng cip trim trong. Sau
khi khai quat, do su thay d6i méi truong dot
ngdt nén nhiéu hién vat da bi hu hai nang,
tham chi mot s hién vat dd bi an mon va
khoang hod hoan toan. Déi v6i hién vat dong
trong bao tang, gia tri ¢t 16i thuong & 1p gi
va khoang hoa (16p patin) bén ngoai vi n6 chira
dung gia tri vé van hoa, khoa hoc, lich st, nghé
thudt va 1a bang chimg quan trong dé x4c dinh
nién dai cua hién vat. Trong nhiéu truong hop,
16p gi lai 1a dbi twong bao quan duy nhat vi
toan bd hién vat da bi khoang hoa khong con
161 hop kim bén trong. Mau sic cua hién vat
cling 1a vin dé rdt quan trong, tit ca cac
phuong phap bao quan déu khong duoc phép
lam thay d6i mau sic nguyén gbc cua hién vt
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[1]. Do vay, dé bao quan nguyén hién vit,
tranh cho hién vat tiép tuc bi an mon sau khi
khai quat 12 van dé quan trong. Trong cac yéu
td dn mon hién vat thi ion clorua trong moi
truong 1 tic nhan nguy hiém chinh. Né thuc
day qua trinh dn mon dién hoéa xay ra nhanh
hon dic biét khi ndng d¢ clorua ting [2].

Pé bao quan hién vat dong, cac phuong phap
sir dung dé trc ché qua trinh dn mon chu yéu 1a
tao phuc cua kim loai thudc 16p trén bé mit bi
pha huy vé6i cac phdi tir hitu co dé bao quan
kim loai trong mdi truong clorua [3] vdi cac
tac nhén thuong dung nhu Triazole,
Benzotriazole and Naphtotriazole [4,5] hoac
phuong phap solgel [6].Cho dén nay, 1,2,3-
benzotriazole (BTA) van dang la mot trong
nhimg chét trc ché ddng duoc sir dung phd bién
nhat, do nd dap tmg dwgc nhitng yéu cau dic
thu cua nganh bao quan trong bao tang.



Trong nghién ctu nay, 1,2,3-benzotriazole
(BTA) duoc str dung lam chét trc ché qué trinh
an mon dong trong moi truong co mit clorua
nham dénh gi4 hiéu qua cua phwong phap sir
dung tac nhan tao phuc dé bao quan hién vat
ddng tir 6 thir nghiém dé bao quan hién vat
ddng ¢ Viét Nam trong bao tang.

2. THU'C NGHIEM

2.1. Héa chit, thiét bi

- Céc dung dich NaCl tu 1-3,5%; dung dich
axit HCI cac nong do 102M, 10°M, 10*M;
Benzotriazol 1%, 2%, 3%, 4%, 5% trong
ethanol.

- Kinh hién vi dién tu quét (SEM); thiét bi do
ph6 EDX, thiét bi quang phd hap thu nguyén
tor AA- 6800 Shimadzhu.

- Thuéce do k¥ thuat.

- Can dién tir c6 do chinh xac 103g.

2.2. Miu vt va cach thi nghi¢ém

- Mau nghién ctru hién trang: Vi dbi twong bao
vé clia hién vat dong bao gom ca 16p patin (16p
gi) nén mau doéng co (nién dai khoang 2000
nim va giit nguyén 16p patin duoc Iya chon dé
nghién ciru hién trang. Lya chon manh dong c6
¢6 bé mat dn mon twong dbi dong déu va phan
16i hop kim chwa b oxi hoa hoan toan dé thuan
tién cho viéc chia cit thanh cdc mau nho
nghién ctu. Ding béng y té, nudc cat, con,
axeton vé sinh sach dat ban va tap chit bam
trén bé mat mau nhung van giit nguyén 16p
patin co.

- MAu nghién ctru hiéu qua phuong phap bao
quan: Do sy rang budc vé mit phap 1y nén cac
mau thr phuong phap bao quan can sé lugng
16n dugc thi nghiém trén mau vat dong thau
moi ¢6 kich thuée lem? dé nghién ctru. Cac
mau duoc vé sinh lai cac mAu thi nghiém, lam
kho trong axeton va say & 50°C trong 8 gio.

- Thir nghiém béo quan: Céc thi nghiém duoc
tién hanh & nhiét d6 26 = 1°C. Diéu kién tdi wu
cua qua trinh xwr Iy dugc khao sat theo phuong
phap don bién. Cac mau dong duoc xir Iy bing
cach dugc ngam trong dung dich BTA & cac
ndng do khac nhau trong 24h. Sau d6 ldy cac
mau ra khoi dung dich, ding etanol loai bo
BTA du, lam kho miu trong axetone sau do
dem sdy mau & 50°C trong 8 gid. Panh gia su
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thay dbi khdi luong trudc va sau khi ngam.
Céc thi nghiém duoc 1am véi mau ddi chimg.
2.3. Phwong phap danh gia hién trang va
hiéu qua bao vé hop kim dong

+ Hinh anh bé mit cia mau vat khao cb duge
chup anh bang hién vi dién tir quét SEM; thanh
phan hoa hoc ciia 16p patin va 16i hop kim
ddng dugc xac dinh nhanh bang phuong phap
bang phd EDX.

- Banh gia hiéu qua bao vé bé mat dong:

+ Phuwong phdp ton hao khoi lwong dua trén su
thay doi vé khéi luong cia miu hop kim dong
duoc ngdm trong moi truong an mon khi co va
khong c6 mat chat irc ché.

+ Téc d6 an mon kim loai (V) dugc xac dinh
boi d6 thay dbi khdi lwong cia mau kim loai
trong mot don vi thoi gian trén mdt don vi dién
tich bé mat.

- m Am
= (mg/cm?.h).
s.t s.t

y =T

Trong do:

mo: Khéi lwong miu kim loai trudc thi nghiém
(mg). i

m: Khoi lwgng mau kim loai sau thi nghiém
tai thoi diém t (mg).

Am: D6 ton hao khéi lugng.

s:  Dién tich mau (cm?).

t:  Thoi gian thi nghiém (h).

+ Kha nang trc ché an mon duge danh gia bang
hiéu qua bao vé (P)

Py =YY 100% =20~ A 4600,
v Am,
(30)
Trong do:

Vo: Téc d6 dn mon kim loai trong méi trudng
an mon khong co chét trc ché

V: Téc d6 an mon kim loai trong méi trudng
c6 chat trc ché.

Amy : D6 tén hao khéi lwong trong méi trudng
khong co chat wre ché.

Am, : D6 ton hao khéi lwong trong méi trudng
¢6 chat irc ché.

+ Phuong phép phéan tich nong do ion dong
trong dung dich.



3. KET QUA VA THAO LUAN con lai 1a Pb (27,7%) va Sn (11,6%), thanh

3.1. Thanh phin hoa hoc ciia 16p bé mit va phan nay twong dbi gidng voi hop kim dugc
15i hién vét hop kim dong cb ding dé dac cac vat dung bing ddng rat phd
Két qua chup SEM phén 16p bé mit cia mau bién trong giai doan Vin hoa Péng Son. Phén
ddng ¢b (hinh 1a) va 16i hop kim (sau khi xir gi & 16p bé mit gdm nhiéu nguyén t6 hoa hoc
1y, loai bo toan bd san phdm an mon trén bé khéc nhau, ham luong ddng trong 16p bé mit
mit miu) (hinh 1b) cho thdy 16p bé mit cia kha nho (6,8%), ngoai ra con c6 ca cac nguyén
mAu vat d3 bi oxi hod hoan toan va c¢6 nhiu t phi kim (C, O, P, Si), va Al, Si, P, Ca, Fe...
vét ntt. Sy dn mon xay ra khong déng déu, chung to bé mit miu vat di bi an mon va xam
xuét hién nhiéu diém an mon 13 va dn mon cuc thuc tir bén ngoai do day la mau vat khao cd,
bd. Két qua phén tich bing EDX cho thiy phén da dugc chén vui dudi long dit. Didu nay
16i cua mau ddng cb 1a hop kim Cu-Pb-Sn, chimg to miu vat da bi &n mon trong diéu kién
trong d6 kim loai ddng chiém da sb (60,7%), tu nhién.

Hinh 1. Hinh anh chup SEM 16p bé mdt (1a) va I6p 16i (1b) ciia mau dong cé
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Hinh 2. Phé EDX ciia bé mdt mau dong cé (2a) va 16i hop kim dong cé (2b)

3.2. Nghién ciru lya chon cic diéu kién tre Khi ¢6 mat BTA, trén bé mat ciia ddng hinh
ché in mon sir dung tic nhin tao phirc BTA thanh mang trong cac diéu kién gan nhu trung
3.2.1. Anh huéng ciia néng @p BTA tinh nho tao hop chat phirc cia ion dong voi
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BTA (hinh 3). Viéc kiém soat an mon bang xir
ly bé mit dong voi BTA thuong lam cho cac
hién vat bang dong khao cd duoc bao vé tot

(3a)

hon do mang CuBTA g'Zin chat tao ra cac lién
két hoa hoc véi cic bé mit khoang dong nam
0 phia dudi [7].

Hinh 3. Céng thirc cdu tao ciia hop chat Cu(I)-BTA (hinh 3a) va Cu(I)BTA (hinh 3b)

Khi ngdm méu hop kim dong trong dung dich
NaCl 3,5% thi néu ting dan ndng do BTA tir 0-
4%, téc d6 dn mon giam dan va hiéu qua bao
vé ting dan. Piéu nay chimg t6 BTA c6 kha
ning trc ché an mon mau vat va nong d6 BTA
cang 16n thi kha ning wc ché cang cao. Khi
tang nong d6 BTA tir 4% 1én 5% ndng d¢ dong
trong dung dich ciing nhu téc do an mon va
hiéu qua bao vé hau nhu khéng thay d6i (hinh
4). Nhu vay c6 thé thiy tai nong d6 BTA 4%
kha ning tc ché an mon cia BTA Ia t6i uwu
nhat.
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Hinh 3: Anh hudng ciia nong dé BTA dén toc
dé an mon va hiéu qua bdo vé hop kim dong
3.2.2. Anh huéng ciia thoi gian xiv ly mau vit

voi BTA

Cac mau hop kim dwgc xtr 1y voi dung dich
BTA 4% va ngadm & cac khoang hoi gian khac
nhau (Oh, 4h, 8h, 16h, 24h, 32h), sau d6 dem
mau di xir Iy bé mat véi BTA ngam vao trong
moi truong an mon la dung dich NaCl 3,5%
trong 24 gio. Két qua cho thay co sy chénh
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léch két qua giita cac thi nghiém duoc tién
hanh & cing mot diéu kién; nguyén nhan c6 thé
do bé mit cac miu khong dong nhat. Khi ting
thoi gian rc ché mau v6i BTA thi luong ddng
hoa tan trong dung dich NaCl giam. O thoi
gian tc ché miu 24 gio thi lwong ddng hoa tan
vao dung dich 12 nho nhat.

3.2.3. Anh huéng ciia nong dé NaCl va HCI
Khi mau vét hop kim ddng khong dugc ngdm
trong BTA ma ngam thang vio dung dich
NaCl & cac néng d6 1%, % va 3,5 % thi sau
24h, ndéng d6 dong trong dung dich ting tir
0,96mg/l dén 1,96 va 2,53 g/l nhung néu trude
d6 ngdm mau vat vao dung dich BTA 4% thi
noéng d6 dong trong dung dich NaCl chi con
lan lwot 14 0,21; 0,48 va 0,69 mg/l. Néu tinh
toan hiéu qua bao vé va tdc do an mon theo cac
cong thirc di cho thi nhan thay khi nong do
NaCl tang tir 1 dén 3%, hiéu qua bao vé da
giam tir 78,1% xudng con 72,7% trong khi toc
d6 an mon ting tir 0,18.10° mg/cm2h dén
0,18.10° mg/cmh tuy co6 sir dung chat trc ché
BTA 4%. Tuy nhién, néu so v6i khong ding
BTA dé rc ché thi toc d6 an mon d3 giam duoc
khoang 4 1an.

Cac thi nghiém tuong ty danh gia mac do an
mon cia HCI 103 M khi ting dan ndng do
BTA ciing cho thiy hiéu qua bao vé ting khi
ndng d6 BTA ting con téc do dn mon giam.
Tai néng d6 BTA 4% hiéu qua bao v¢ dat cao
nhat. Néu ting ndng d6 HCI tir 10 M dén 10?2
M thi ndéng d6 ddng trong dung dich ting tir



0,56 dén 39,52 mg/l nhung khi c6 BTA nong
d6 4% lam chat (rc ché thi nong do dong trong
dung dich chi con 0,11 dén 25,03%. Tinh toan
do giam khéi luong, tdc do an mon va hiéu qua
bao vé cho thay khi ting ndng d6 BTA thi su
thay déi tuong ty nhu cac thi nghiém véi NaCl
nhung 16n hon so véi cac thi nghiém véi NaCl
trong khi hiéu qua bao vé lai thip hon. Piéu
nay chimg t6 dung dich HCI 10°M pha huy
mau vat manh hon dung dich NaCl, c¢6 thé do
trong dung dich HCI, mau vat chiu tic dong
ddng thoi cua hai tac nhan an mon 1 clorua
(Cl) vaH".

4. KET LUAN

Béng phuong phap phan tich nong do ion Cu?*
va/hodc phuong phép can trong lugng da danh
gia dugc kha nang @re ché an mon cua BTA ddi
voi cac mau vat hop kim dong. Tac nhan BTA
& nong do 4% tré 1én duge xem 1a chat tre ché
tdt va on dinh, chéng an mon va bao vé cd vat
ddng va hop kim dong trong hai méi trudng
dic trung 1a 3,5% va HCI 10°M. Thoi gian ti
thiéu dé ngdm mau miu vat trong dung dich
BTA la 24h. Khi ting ndng d6 NaCl va HCI thi
tbc d6 an mon ting va hiéu qua bao vé giam.
Két qua nghién ciru cho phép tmg dung BTA
1am tic nhan &c ché dn mon céac hién vat dong
trong bao tang madt cach hi€u qua.

LOI CAM ON

Cong trinh nay duoc hoan thanh nho hd tro
kinh phi tir d& tai nghién ctru khoa hoc cap Bo
Vin hoa, thé thao va du lich.
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