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TOM TAT
Vai than hoat tinh (VTHT) Busofit la san pham thirong mai dwoc irng dung nhiéu ¢ Nga va cdc

nudc Dong Au trong hdp phu, xir [y méi trirong. Bai bdo ndy gioi thi¢u két qua nghién ciru bién
tinh bang Pphiwrong phdp nhiét va danh gia hiéu qua xu [y d6i véi chdt déc yperit ciia VTHT Busofit.
Két qua cho thay, sau bién tinh ¢ 700 °C trong 2 gio, VTHT Busofit co dién tich bé mat rleng dat
970 m?/g, hiéu sudt xit Iy yperit dat khodng 96, 4% khi mat do nhiém déc bé mat tir 2 g/m? dén 14
g/rT]Z‘ nhiét do 30 °C va thoi gian xur Iy 5 phut. Két qua nghién cvu la co so dé nghién citu phat
trién the hé vat liéu moi wng dung trong ché tqo khi tai phong hoa trong twong lai.
Tir khoa: Vai than hoat tinh; Chét doc yperit; Tiéu doc bé mit.

1. MO PAU

Trong nhitng nim gan day, VTHT thu hat dugc nhleu su ch y cta cac nha khoa hoc trén thé
gi61 boi cac uu diém vuot troi so voi than hoat tinh tmyen théng nhu tinh déng huong, dién tich
bé mit rleng, dung luong hép phu, téc do hap phu, do ben coly,... [1 3] Céc tinh chat héa 1y ciia
VTHT ndi riéng va vét liéu hép phu noi chung nhu truyen nhiét, chuyén khdi, dd bén co hoc, tng
sudt,... déu phu thudc vao tinh dang hudng cua vat lidu gdc [4, 5]. Nho tinh ddng huéng nén VTHT
co téc do hép phu nhanh hon so véi vat li€u hép phu dang hat va dang bot. Mt khac, do c6 cac
tinh chét co 1y vu viét nhu nhe, mém mai, d& tao hinh,... nén VTHT duoc st dung thuan tién cho
nhiéu muc dich khac nhau ca trong dan sy va quan sy (nhu mat na phong doc, hop loc doc, khéu
trang bao ho lao dong, quan 4o0,...).

Yperit la chit doc quéan sy thudc nhom chét doc loét da, dung dé sat thuong sinh luc hodc nhiém
doc trang thiét bi cia ddi phuong trén chién truong. Hién nay, dé nghién ctru danh gia hiéu qua
phong chéng chat doc hoa hoc, yperit thudng duogc sir dung 1am chat chuin dé thir nghiém dbi vei
hau hét cac loai khi tai phong da, phong ho6 hép. Trong trang bi cua quén ddi cac nudc, dé bao vé
cho binh sy khong bi nhiém doc, quan doi cac nude deu ¢6 luc luong hoa hoc va trang bi nhiéu
khi tai dé phong nhu mit na phong doc, hop loc doc, quéan a0 phong da,... C6 thé néi, kha nang
bao vé cua khi tai d& phong loai hip phu dugc quyet dinh bai tinh nang cua vét liéu hép phu cau
tao nén chiing [6]. Hién nay, vat liéu hap phu phd bién duoc sir dung dé che tao khi tai de phong
déu trén co so than hoat tinh (AC) do AC c6 dién tich bé mit riéng 16n, ciu tric 16 xép dong déu,
gi4 thanh ré, d& ché tao [7]. AC gom hai dang chinh 1a dang hat va dang vai, trong d6 VTHT dang
dugc nghién ctru tmg dung nhiéu trong linh vuc phong hoa.

O trong nuéc, VTHT duoc nghién ctru kha han ché, chu yéu & quy mé phong thi nghiém va
pilot nhé dung dé ché tao thur nghiém mdt na, ban mét na, hop loc ddc, tuy nhién, chua san Xudt
cling nhu img dung & quy mo cong nghiép [8-10]. Trén thi truong hién nay, VTHT chi yéu nhap
tir Trung Qudc va Nga. VTHT Busofit do Tép doan “Polymer Composite” cua Nga ché tao da
khing dinh dwoc chit lugng vuot trdi tai Dong Au nhu: BET 16n, ham lugng cacbon cao. .. va
dugc tmg dung trong nhiéu linh vyc nhu: hip phu cic chat hitu co trong nudc thai cong nghiép,
xu ly dau tran, loc mui, loc khi,...
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Trong pham vi bai bdo nay, nhom tdc gid tap trung gidi thiu két qua nghién ciru tdi wu cac
diéu kién bién tinh VTHT Busofit bang phuong phap gia nhiét, danh gia cac déc trung va hiéu qua
xtr Iy chat doc yperit nhiém trén bé mat cua vai sau bién tinh. Két qua nghién ctru duoc sir dung
1am co s¢ dé tiép tuc nghién ctru phét trién, hoan thién thé hé vat liéu mai tmg dung trong ché tao
khi tai phong héa trong tuong lai.

2. THU'C NGHIEM VA PHUONG PHAP NGHIEN CUU
2.1. Héa chit- thiét bi, dung cu

* Héa chat: Vai than hoat tinh Busofit: Tap doan “Polyme; Composite” cua Nga ghé tao, dién
tich bé mat riéng BET >500 m?/g, ham lugng tro < 0,5%, d6 hap phy iot tir 90 mg/g dén 125 mg/g;
Chat doc yp;rit: Long, nhét, trong sudt, do tinh khiét 95%, d=1,27 g/cm?, Binh chiing Hoa hoc;
Cac hoa chat dung cho phan tich, gom etanol, natri hidroxit, thimolphtalein, axit axetic, axit
clohidric: PA, Macklin (Trung Quoc); Nudce cat 2 1an: Viét Nam.

* Thiét bi, dung cu: May quang pho tir ngoai: UV/VIS Jasco-V530, Nhat Ban; Thiét bi do hap
phu dong luc Macbell: Trung Quoc Thiét bi do hap phu bé mit ASAP- Micromeritics, M¥; Kinh
hién vi dién tir quét tich hop dau thu phd tan xa nang luong tia X (FESEM) TM4000Plus/Hitachi,
Nhét Ban; Tu say Binder: FD53 (burc); Lo nung 6ng: SRIX - 2,5 - 13 (Trung Qudc); Micropipet:
LHP-PS01, Brc; May lac ngang: SHR-2D, Trung Quéc; Can phén tich (sai s6 0,0001 g): ME 104,
Trung Quoc; Mau tao doc bang thép khong ri (5 cm x5 cm); bdng tham,... va céac trang thiét bi,
dung cu khac cua phong thi nghiém.

2.2. Phwong phap nghién ciru
2.2.1. Phirong phdp bién tinh va déanh gid tinh chdt ddc trung cua VTHT

VTHT dugc loai bo céc tap chat bang cach ngdm Ian luot trong cac dung dich NaOH 0,1M ,
dung dich HCI 0,1M, trong 1 gi¢ ¢ nhiét do thng va rira sach bang nudc cat hai lan den pH trung
tinh (kiém tra bang giay pH), dé rdo nuéc va say khd ¢ nhi¢t do 70 °C den khoi luong khong doi
sau d6 dem nung trong moi truong yém khi ¢ cac nhiét do 600 °C, 700 °C, 800 °C, 900 °C trong
120 phat lién tuc.

2.2.2. Phuong phdp déanh gid kha nang xit Iy chat doc quan sw Yperit cia VTHT

* Tgo mau nhiém déc

Mau tao doc duoc chuan bi dya trén cac Tiéu chuan NATO [11, 12] nhu sau:

Cét mau kim loai (1am tir thép khong gi) thanh hinh vuéng c6 kich thugce (5 x 5) em, sach, kho,
dat trong dia thuy tinh peptri. DUng micropipet hit ldy 12 pL mau chat doc yperit nho déu Ién bé
mat mau can gay nhiém. Mat do nhiém doc yperit trén bé mat mau kim loai (6 g/m?) dugc xac dinh
theo phuong trinh sau:

_m _ 12x1,27x1073
p= S~ 5x5x10~%

* Tiéu dgc va chiét mdu doc [19]

- Tiéu doc: Sir dung cac miéng VTHT sau bién tinh c6 kich thuéc 5 x 5 cm lau 1én bé mat miéng
kim loai nhiém doc 2- 3 1an, ghi chép lai s lidu.

- Chiét mau chat doc: Str dung phuong phap chiét l6ng-long bang etanol dé chiét chat doc tir
mau kim loai sau tiéu doc. Phuong phap chiét nhur sau: Dung 3 bong tham hinh tru c6 duong kinh
2 cm, dai 3 cm. Hai chiéc dau dwoc tam dung méi chiét bang cach tha béng thim vao coc dung
etanol sao cho ngap kin, chiéc thir 3 khong tim, dung dé lau kho. Tién hanh lau bé mat nhidm tur
5-7 lan theo mot huéng véi chiée bong thaim dau tién, sau d6 ding sang chiéc thi hai tiép tuc lau
tir 5-7 1an theo hudng vudng goc voi huéng ban du, qua trinh duoc tién hanh tuong tu véi chiée
bong thdm tha ba. Ca 3 bong thdm sau d6 duoc cho vao binh nén cé thé tich 100 mL, thém 20 mL
ethanol, ding ndt thiy tinh c6 nham day kin va cho vao may lic ngang @ tién hanh lic trong 30

~ 6 (g/m?)
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phdt o nhigt do phong [19]. Mau trang duoc tién hanh trong didu kién twong ty nhu mau nhiém
daoc, song khong c6 chat doc.

* Phwrong phdp danh gia hiéu qua xir Iy chdt déc yperit

Higu qua xu Iy cht doc yperit nhiém trén bé mat mau kim loai cua vat ligu VTHT bién tinh
duogc tien hanh theo quy trinh phan tich dinh luong chat doc quan s, hda chat doc cong nghiép va
chat tiéu doc trén xe hoa nghiém cai tien AL-4M do Trung tdm Cong nghé xa ly Méi truong/
BCHH ban hanh nam 2005 [19].

3. KET QUA VA THAO LUAN

3.1. Két qua nghién ciru tinh bién tinh va dinh gia tinh chat dic trung ciia VTHT

* Két qua khdo sat thanh phan ciia VTHT theo nhiér dé nung bién tinh

Thanh phan ciia VTHT bién tinh & cac nhiét dugc khac nhau duge xac dinh bﬁpg phuong phap
do pho tan xa ndng lugng EDX. Day la phuong phép hién dang dugc ding pho bien dé dinh luong
ham lugng cacbon cua cac loai than hoat tinh va vat liéu hap phu dang xop [14-16]. Ket qua phan
tich EDX cta VTHT ban dau va sau khi bién tinh & cac nhiét d6 khac nhau duoc thé hién trong
bang dudi day:

Bdng 1. Anh hwong cua nhiét do nung dén cac thong so cua VTHT.

T Ky higu Nhiét do nung | Ham lwgng cacbon Ghi chu
mau (°C) (%)
1 Mo - 84,46 Mdu ban dau
2 M; 600 93,70
3 M> 700 99,18
4 Ms 800 99,24
5 My 900 99,30

— e e e
IIII|IIIIIIIII|IIIII

a b
Hinh 1. Két qud phdn tich ham lwong C bang phé tan xg EDX
a: VTHT truéc khi bién tinh; b: VTHT bién tinh tei 700 °C.

Theo két qua thu dugc & bang 1 cho thay, mau Mo ban déu, chua qua xir Iy bién tinh nhiét, ham
lugng cacbon chi dat 84,46%, dai pho xuat hi¢n cac pic nho cuia phospho va oxy chiem ty 1€
14,54%. Dong thoi ket qua chup anh FE-SEM trong hinh 2 cua mé}l VTHT truée khi bien tinh
cling phat hién thay c6 sy xuat hién cac nguyén to P, O dugc phan bo trén bé mat vai. Tuy nhién,
véi cdc mau sau khi xir Iy nhiét, ham luong cacbon tang dan va dat 6n dinh (khoang 99%) tur nhiét
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do nung hoat héa Ia 700 °C. Trén pho EDX cho thdy, ham lugng cacbon dat t6i 99%, céc pic cua
O va P khong ghi nhén dugc. Anh chup FE-SEM cho thay trén bé mat VTHT sau bien tinh nhiét
chi xuat hién nguyén t6 cacbon.

EDS Layered Image 5 EDS Layered Image 4

a b
Hinh 2. Anh FE-SEM cuia VTHT truéc va sau khi bién tinh nhigt
a: VTHT trwéc khi bién tinh; b: VTHT bién tinh tai 700 °C.

Nguyén nhan c6 thé Ia do VTHT c6 chia cac thanh phan hoat héa, nhém chire dic trung boi
lién ket C- O, C-C, C-P, phosphat,... Do vay, khi tang nhiét d6 nung bien thi cac nhom chuc nay
bi pha v& va thoéj[ ra hau hét, do do, khi tang nhiét d¢ hoat hoa thanh phan con lai cua VTHT chu
yéu la caqbon. Keét qua nghién ciru thu dugc cling twong dong véi quy luat chung caa viéc ché tao
vat liéu hap phu trén co sd than hoat tinh.

* Két qud khdo sat dién tich bé mdt riéng ciia VTHT theo nhiér dé nung bién tinh

_ Dién tich bé mat riéng (BET) ciia VTHT dugc dénh gi bing phuong phap do duong dang nhiét
hap phu- giai hap phu hoi benzen trén thiet bi hap phu dong luc Macbell [17, 18]. Ket qua danh
gid BET cua cac mau VTHT truéc va sau khi bién tinh dugc trinh bay nhu trong bang 2.

Bdng 2. Anh hwéng cua nhiét do nung bién tinh dén dién tich bé mdt riéng.

T | KYhiéu Nhiét do Di¢n tich bé mat Thé tich mao Ghi chu
mau nung T (°C) riéng, (m?/g) quan (cm®/g)
1 Mo - 576 0,22 Mdu ban dau
2 My 600 803 0,35
3 M, 700 970 0,42
4 M 800 957 0,40
5 M, 900 860 0,36

Theo két qua khao sét trong bang 2 cho thdy, mau VTHT ban déu chua qua xi ly bién tinh c6
gia tri BET chi dat 576 m?/g. Khi bat dau nung bién tinh VTHT ¢ 600 °C, dién tich BET cua mau
vai thu duoc dat 803 m?/g, nhu vay, So Vi mau vai ban ddu, miu vai vién tinh & 600 °C c6 BET
tang 1én rd rét. Khi tiép tuc ting nhiét do nung bién tinh tir 600 °C dén 700 °C, gia tri BET ting
tiép va dat cuc dai 12 970 m?/g, tong thé tich mao quan do duoc 14 0,42 cm?¥/g va dudng kinh mao
quan trung binh theo phan b6 BJH 1a 2,28 nm (hinh 3b, 3d). Két qua thu duoc c6 thé giai thich 1a
do lac ting nhiét do bién tinh 1én > 600 °C c4u trdc bé mit cia VTHT dat d6 hoan thién cao, cac
mao quan phat trién téi da, do d6, BET va thé tich mao quan dat cuc dai. Tuy nhién, khi tiép tuc
tang nhiét d6 nung bién tinh (> 700 °C) thi gia tri BET va tong thé tich mao quan caa mau VTHT
tuong tmg thu duoc lai giam dan. Két qua nay 1a do ¢ nhiét do cao tc do cacbon héa ting 1én, tao
tro than, phé v& ciu tric xp, do d6 lam giam gia tri BET ciing nhu tong thé tich mao quan cua
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VTHT [18]. Pudng dang nhiét hap phu cua cac mau tuong (ng véi dang IV theo phan loai cua
IUPAC, ttng Vvéi kich thuéc mao quan trung binh (hinh 3).
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Hinh 3. Puong ddang nhiét hap phu-gidi hdp phu benzen (a), (b), (c) twong vmg Mo , Mz, Mg;
(d): Phan bé mao quan BJH cia mau Ma.

Nhu vdy, VTHT sau khi dugc xi Iy nhiét & 700 °C trong 2 gio cho két qua cuc dai vé BET
cling nhu tong thé tich mao quan (mau My).

* Két qud chup kinh hién vi dién ti quét (SEM) ciza VTHT sau bién tinh

_ Sau khi t6i uru qua trinh nung bién tinh VTHT, tién hanh chup kinh hién vi dién tir quét (SEM)

bé mit tai Pai hoc Quéc gia Ha Noi dé khao §ét hinh thai vg‘i cau trac. Tu ket qua chup SEM sSyi
VTHT trong hinh 4 cho thay: Soi VTHT ban déu khi chua bien tinh ¢6 cac rdnh nhé doc theo chieu
dai soi (hinh 4a), tiét dién ngang dang da giac dong thoi chua xuat hién nhiéu céc 16 xop trén bé
mat, kich thudc trung binh caa soi khoang 10 pum.

x5,000 Spm

SEI7 15ky  WD12mip 4SS20 x1,000 1
) ] - 28170

(b) (c)
Hinh 4. Anh SEM vdi than hoat tinh.
(a)- Soi VTHT trueée khi bién tinh; (b)- Si VTHT sau bién tinh; (c)- Bé mdt soi sau bién tinh.

HUS 158 7.9mm X500 BSE L
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Soi VTHT sau bien tinh nhiét c6 céc soi than dang hinh try dac, kich thude dong déu, dudng
kinh trung binh khodang 7 um. Két qua do kich thuéc 16 Xop trén be mat soi trong hinh 4c¢ cho thay,
duong kinh 16 phan bé cha yéu & khoang tir 0,2 pm dén 0,4 pum. Céac 15 Xop Xuat hién tuong doi
ddng déu trén khap bé mat soi vai sau bién tinh. Nhu vy, VTHT sau bién tinh nhiét co cau tric
hoan thién hon vé bé mat soi, diéu nay phi hop véi cac két do BET va thé tich mao quan nhu da
trinh bay & trén.

3.2. Nghién citu kha niing xir ly pperit cia VTHT bién tinh nhiét ¢ 700 °C
3.2.1. Khdo sat anh hirong cua thoi gian tiép xdc va nhiét dé dén qué trinh xiz ly yperit

Dé xac dinh thoi gian tiép xtc toi wu khi xir Iy yperit nhiém trén bé mat vat li¢u kim loai, nhom
tac gia da danh gia hiéu suat xur ly cia VTHT tai cac khoang thoi gian la: 1 phat, 2 phat, 5 phut,
10 phdt va ¢ cac nhi¢t do 20 °C, 30 °C, 37 °C. Déy la vung nhiét do twong ung véi dic trung co
ban cho‘th‘oi tiét khi hau (;éc mua & nudc ta cling nhu nhi¢t d6 co the nguoi. Mat d6 nhiem doc
yperit bé mat 1a 6 g/m2. Két qua cu thé dugce trinh bay nhu hinh 5.

. 200C 300C 370C
Hiéu suat
X Iy 98 -
Yperit,
% 97 A

95 4
94 4
93 4
92 4
91

90 T T T T T T T T T T 1
0 1 2 3 4 5 ’6 7 8 9 10 11
Thoi gian tiép xiic, phut
Hinh 5. Anh hwong cua thoi gian tiép xtc va nhiér do d@én hiéu suat xar Iy yperit.

D& dang nhan thay, hiéu suét xir ly yperit cia VTHT ting theo thoi gian tiép xuc, toc do hap
phu ting nhanh trong khoang 3 phut dau sau dé6 cham dan va khong thay d6i nhiéu. Hiéu suat xu
1y luc nay dat trung binh khoang 96,8% sau 5 phat. Didu nay c6 thé duoc giai thich 1a trong khoang
thoi gian dau bé mat 15 xSp con 1on, cac tam hap phu tréng con nhiéu, sy chuyén dich phan tir hap
phu 18n bé mat vat liéu dién ra nhanh nhanh hon. Theo thoi gian ting 1én, cac tim hap phuy, c4c 15
tréng trén bé mat VTHT giam kéo theo su chuyén dich cua phan tir hip phu 1én bé mat giam, do
do, tdc d6 hap phu cham lai. Bong thoi toe d6 hap phu ciing ting theo nhiét do xir ly, nguyén nhan
1a do khi nhiét do tang, Yperit trd 1én linh dong hon va dé bi hap phu lén bé mat vat lieu VTHT
hon. O nhiét d6 37 °C va khoang thoi gian 5 phat dau, hiéu suat xi 1y yperit dat 97,1%. Theo do,
& nhiét d6 cang cao thi hiéu suat xir 1y cang ting lén.

3.2.2. Khao sét dnh hweng ciia nong dé yperit dén qué hiéu suat xit 1y cia VTHT

Dé khao sat anh huong ciia nong do yperit ban dau dén qué trinh hiéu suat xir ly cua VTHT,
nhém nghién ciru tién hanh danh gia vai cac gié tri mat do nhidém doc trén bé mat 1a 2 g/m?; 6 g/m?;
10 g/m? va 14 g/m?, thoi gian tiép xGc 5 phat, nhiét do khao st 30 °C (theo nhiét 6 phong, khong
¢6 cudng birc vé nhiét do), két qua thu duge nhu hinh 6 va bang 3.

Tu két qua & bang 3 va hinh 6 cho thay, higu suat xir ly chat doc yperit cia VTHT khong thay
doi rd rét trong khoang nong do tir 2 g/m?dén 14 g/m?. Biéu ndy c6 thé 1a do khi ting nong do thi
lwong phén tir chit bi hdp phu chuyén dich 1én bé mat vai than hoat tinh ciing ting, ngoai ra mét
do nhiém doc trong khoang khao sat (khoang mat do yperit thi nghiém dam bao an toan theo cac
Tiéu chuan Nato [11, 12]) thuc té nhé hon rat nhiéu so véi dung lwong hap phu cuc dai cia VTHT
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[13]. Do do, trong ciing khoang thoi gian 5 phiit tiép xdc, higu suat xir 1y chat doc yperit cia VTHT
sau bién tinh co ban khdng cé nhiéu khéc biét va dao dong & muc 96,4 + 0,2%.
Bdng 3. Anh hirong cua mt dg nhiém den
hi¢u xuat xu ly Yperit.

. Mdt dg nhiém | Hiéu suat xur Iy
ST per, bé mat (g/m?) yperit (%)
7 2 96,6
94
6 96,5
10 96,3
88
‘ . ‘ . 14 96,2

Mit d nhiém bé mit, g/m?

Hinh 6. Anh huong cia mdr dg nhiém dgc
yperit bé mat den hiéu suat xi ly.

4. KET LUAN

Vai than hoat tinh Busofit duoc bién tinh bang phuong phap nhiét nham tdi wu hoa cac tinh
chat hap phu cua vt lidu. Két qua nghién ciru cho thiy, & nhiét do nung bién tinh 700 °C trong 2
gio, VTHT thu duoc c¢6 ham lugng cacbon dat 99,18%, dién tich BET dat 970 m?/g, dudng kinh
mao quan trung binh dat 2,28 nm va tong thé tich mao quan 1a 0,42 cm®g. Két qua khao sat kha
nang xtr 1y chat doc quan sy yperit cia VTHT tir vai Busofit sau bién tinh nhiét cho thdy & khoang
ndng do nhidm doc yperit trén bé mit tir 2 g/m? dén 14 g/m? hiéu sut xtr Iy trung binh dat 96,4%
trong thoi gian 5 phut tiép xtic & nhiét d6 phong. Két qua nghién ctru mé ra huéng mai dé ché tao
céc khi tai phong héa kiéu moi nhu mit na phong doc, hop loc doc tap thé bang cach st dung
VTHT thay vi than hoat tinh dang hat truyén théng.

Loi cam on: Nhom tac gia xin cam on sy tai tro' kinh phi cia dé tai co s6: “Nghién ciru ché tao vai khir
nhiem theo kiéu Fibetech va ung dung ldn? trang bi tiéu c?‘_éc ca nhan cho bo doi”, sw giup do, tao diéu kién
cua Vién Héa hoc Moi truong QUaN sy dé hoan thanh két qua trong bai bdo trén.
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ABSTRACT

Researching the modification and evaluating the effectiveness
of treating the military poison yperit with Busofit activated carbon fabric

Activated carbon fabric (ACF) Busofit is a commercial product widely used in Russia
and Eastern European countries for adsorption and environmental treatment. In this paper
the results of a study on the modification of ACF using thermal methods and evaluates its
effectiveness in treating the toxic agent yperite are presented. The results show that after be
modificated at 700 °C for 2 hours, Busofit ACF achieves a specific surface area of 970 m?/g
and a yperite treatment efficiency of approximately 96.4% at a surface toxic density ranging
from 2 g/m? to 14 g/m?, a temperature of 30 °C, and a treatment time of 5 minutes. The
research findings serve as a basis for further development of new materials for future
applications in the production of chemical protective gear.

Keywords: Activated carbon fabric; Chemical warfare agents Yperit; Surface decontamination.
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