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TOM TAT

Nghién cttu ché tao vat liéu than hoat tinh tdm xtac tac Cu, Ag, Cr bf“mg phuong
phap tam chan khong c6 kha nang xt ly khi nha vé sinh (NHs, H2S) va cac khi doc.
CA4u trac cta vat liéu dugc khao sat bang SEM, BET. Hiéu sudt xt ly khi nha vé
sinh (NHs, H2S) dugc do bfing hé thiét bi gom cot loc chira vat liéu xac tac, hé
thong tao khi chudn cé bom va 6ng dan khi, Sensor do noéng d6 khi NHs va HaS két
ndi hé théng may tinh. Than hoat tinh tdm xuc tac véi 6,0%Cu; 0,03%Ag va 2,0%Cr
c6 dién tich bé mat 521,7 m?/g va thé tich 16 x3p 0,308 cm?/g. Kha nang xtt ly khi
NHs dat 103 mg/g va H2S dat 192 mg/g. Thoi gian bao vé d6i véi khi clo dat 83
phat, d6i voi khi hydrocyanua dat 67 phuat, d6i véi khi clorpicrin dat 64 phut va
khi benzen dat 115 phut. Vat liéu than hoat tinh tam xtc tac ¢6 kha nang xw ly khi

nha vé sinh va cac khi doc ¢ diéu kién thuong.

Tt khoa: khi ddc, thanh hoat tinh, xtic tac, xt ly khi nha vé sinh.

1. MO PAU

Khi con nguoi lam viéc trong cac khoang khong gian dong kin, trong moi
treong khong khi ban, c6 mui hoéi thdi déu can cac thiét bi lam sach (loc) khong khi. Vi
du khi lam viéc trén tau v try, dudi tau ngam hodc lam viéc trong cac moi treong doc
hai. Vai tro ctia cac thiét bi (hay vat liéu) lam sach khong khi 1a nham loc va hip thu
cac khi doc hai, khong khi ban, c6 mui hoi thoi thanh khong khi sach cho ngwoi hit tho.
Cong nghé tai sinh va lam sach khong khi gitp con nguoi ¢é thé ton tai lau hon trong
mot khong gian kin, chang han trén tau ngam. Do hoat dong ctia tau ngdm va sinh
hoat cta thuy thu, thanh phan héa hoc cta khong khi trong khoang tau ngam thay doi
dang ké vé nong do oxy, CO:2 va s6 luong dang ké cac khi doc hai duoc phat thai nhu
hydrogen sulfide (H:S), amoniac (NHs)...[1]. Khi NHs va H2S duoc phan loai la ¢ mui
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kho chiu, 1a cac chat doc hai véi mdi treong co thé gdy an mon thiét bi, ngd ddc chat
xuc tac va nhiéu tac dong khong mong mudn khac. D6i véi NHs, hit thd ¢ muire 50-100
ppm NHs c6 thé gay kich tng mat, 8 hong va miii. Co quan Quan ly An toan va Stic
khoe Nghé nghiép Hoa Ky (OSHA) da dat ra gidi han 50 ppm trong mét ngay lam viéc
8 gio hoac 40 gio trong tuan lam viéc ddi véi hoi amoniac trong khong khi xung quanh.
Tiép xtic lau dai & nong dd cao hon 300 ppm cé thé gay thuong tat vinh vién hoac tir
vong[2]. Con d8i véi H:S, phoi nhiém cap tinh véi néng dd H:S cao gay ra nhiém ddc
mot s6 co quan dan dén tir vong bao gom nhiém doc than kinh, suy ho hap cap, va
tham chi t&t vong. Phoi nhiém cdp tinh véi ndong d6 dudi 50 ppm cé thé gay kich ting
mét va ho hap; tiép xtic véi nong d6 cao hon 500 ppm c6 thé gay chét nguoi[3].

Hién nay, than hoat tinh duwogc st dung rong rai nhw mot chat hap phu hiéu qua
trong nhiéu tng dung, bao gom hé thong loc khong khi quy m6 cong nghiép va hé
thdng loc khong khi trong mét na phong ddc. Than hoat tinh khong ngam tdm hoa chat
la chat hdp phu t6t hoi htu co nhung hdp phu kém cac chat khi phan t& thap hoac
phan cuc nhu amoniac (NHs) hay hydrogen sulfide (H:S). D&i v6i mdi loai khi riéng
biét, nguoi ta s€ ngadm tam than hoat tinh voi axit d€ loai bé NHs[4] va tam véi kiém dé
loai bo H2S[5] mot cach hiéu qua nhat. Tuy nhién, trong thuee t€, ¢ nhitng noi can xt ly
loai bé khi ¢6 mui 1a hon hop cta nhiéu khi khac nhau nhu nha vé sinh trén tau ngam,
tau v try,.. thi viéc st dung nhiing loai than tdm nhw vay khong mang hiéu qua cao.
Chinh vi thé, cdc mu6i kim loai chuyén ti€p da duoc nghién ctru d€ ngam tdm lén than
hoat tinh. Trong nhiéu nghién cttu khac nhau[6-9] da chi ra rang, kim loai dong va cac
hop chét caa nd khi duwgc ngam tdm 1én than hoat tinh dem lai hiéu qua cao trong viéc
loai bo cac khi nha vé sinh. Trong nghién cttu nay, mudi ctia kim loai d6ng duoc ngam
td&m 1én than hoat tinh nham nghién cttu d3c tinh hdp phu cta than va loai bo dong
thoi cac khi doc. Ngoai ra, xtc tac kim loai bac va crom ciing duoc tam cung véi kim
loai dong nham t3i wu hiéu qua khi stt dung thuec té.

2. THUC NGHIEM
2.1. Nguyén liéu, héa chat, thiét bi

Than hoat tinh dang vién cam c6 kich c& hat 1 mm (dién tich bé mat riéng: 850
m?/g, do am: 4,5%, Trung Qudc); CuCOs.Cu(OH)2.2H20 (98%, Trung Qudc), AgNOs
(99%, Merck), CrOs (99%, Merck), NH:sHCOs (98%, Viét Nam) khi NHs (500 ppm,
Trung Qudc), dung dich NHs (25%, Trung Qudc), khi HS (100 ppm, Trung Qudc).

Cam bién do nong do khi amoniac NHs ES-NHs-01 (RS485 Modbus RTU).
Cam bién do ndng do khi HzS ES-H25-02 (RS485 Modbus RTU).

Dién tich bé mit riéng ctia than dwoc do bang may do cam ting dong Brunauer
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— Emmet — Teller (BET- 202A).

Kinh hién vi dién t& quét (SEM; model JEDL JSM-5410LV, Nhat Ban) dwoc st
dung d€ quan sat cau trac bé mét cta cac loai than khac nhau va dé€ do cac nguyén to
va dai luong lién két ctia chtiing trén bé mat cua than hoat tinh.

2.2. Phwong phép tim xtic tac kim loai

Chuan bi cac dung dich tdm: 1ldy 6,5 g NH:HCOs va m (gam)
CuCQOs5.Cu(OH)2.2H:20 (v6i m lan lwot la 8,07; 12,1; 16,1 twong duong véi phan tram
khoi lwgng Cu trong than tam lan luot 1a 4; 6; 8%) duwoc hoa tan hoan toan véi 45 mL
NHs 25% thu dwoc dung dich 1. Lay 4,0 gam CrOs hoa tan trong 8 mL NHs 25% va 15
mL nudce thu duoc dung dich 2. Lay 0,25 gam AgNOs hoa tan trong véi 5 mL nuwde thu
duoc dung dich 3. Cho lan luot dung dich 3 va dung dich 2 vao dung dich 1 khuay déu
trong 15 phut thu duwoc dung dich tdm.

Than hoat tinh trieée khi st dung dwoc dun s6i hdi luu bang nwdc khir ion
trong 2 gid, duoc ria lai bang nudc khit ion sau d6 sdy kho & 105°C trong 24 gio. Lay
100 gam than hoat tinh dwgc dwa vao binh tdm chan khéng va hat chan khong dén ap
suat dudi 50 mbar trong 30 phut. Tiép theo dwa dung dich tdim vao binh tam va khuay
déu. Than hoat tinh duoc 1ay ra khoi binh tdm va hoat hoa ¢ nhiét d¢ (175+5)°C trong 2
gio, lam ngudi trong binh hit &m thu dugc than hoat tinh tam xtc tac.

2.3. Phwong phép ki€m tra kha nang hip phu

Can 5,0 gam mau tht nghiém trén can dién t&t c6 do chinh xac 102 gam cho vao
ong thay tinh duong kinh 6 mm, tao thanh c6t than cao khoang 50 mm (hai dau duoc
lam chit bang bong y t& trung tinh). Hé théng 6ng dan khi dugc két ndi tir ngudn phat
thai khi dén budng chira khi va dén cot loc chira vat liéu xuc tac (khi trong budng chira
duoc tron déu va diéu chinh d¢ am phu hop diéu kién nghién ctru); hé thong may tinh
dé€ két ndi véi cam bién khi (NHs, H2S). Nong d6 khi amoniac & dau vao la 500 ppm,
khi H2S la 100 ppm, tdc d¢ dong khi 1a 1 lit/phut va khi sé duwoc luan chuyén lién tuc
qua mAau than. Nhiét d6 cua hé duoc duy tri & mutec 27 £1°C.

Trong nghién ctru dong hoc ctia phan tng: Budtng kin chira khi NHs va khong
khi ¢ nhiét d6 thuwong, cam bién khi NHs va bom tao dong khi tuan hoan duoc le”'lp dat
bén trong budng kin; hé thong ong dan khi dwoc két ndi tir budng chira khi CO dén cot
loc chtra vat liéu xtc tac; hé thong may tinh dé€ két ndi véi cam bién khi CO (hinh 1).
Nguyén ly do nhu sau: Buong kin chita khi NHs va khong khi ¢ nhiét d thuong duoc
kiém soat nong do ban dau mot cach chinh xac thong qua cam bién khi NHs dét trong
budng kin. Khi nong d6 khi NHs trong budng kin da dat ¢ trang thai 6n dinh thi qua
trinh loc khi duoc thuwc hién. Qua trinh nay, khi NHs dwgc bom tuan hoan theo hé kin
tr budng chita khi NHs dén cot loc thong qua hé thong dng dan khi r6i dugc dua
nguoc tro lai buong kin. Cam bién khi NHs sé ghi lai sy suy giam nong do khi NHs
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theo thoi gian r6i truyeén tin hiéu dén may tinh dé xw ly.

Paura

-]

1- Ngu(")n phat lghi; 2,5,2’ - Van diéu chinh; 3 - Bom; 4 - Cam ,bién;
6— Luu lwgng ké; 8 — Mau than; 9 — May tinh; 10-Nhiét am ke

Hinh 1. So 6 don gian phuong phap danh gia kha nang xt ly NHs va H2S
2.4. Phuong phap kiém tra thoi gian tic dung bao vé ddi v6i mot s6 khi doc Clo,
Hydrocyanua, Clorpicrin va Benzen

Thuec hién theo TCVN/QS 1441:2010. Nguyén tac: Cho dong khi chita khi doc ¢6
nong d6 ban dau Co (mg/L), luu luwong dong khi V (lit/phat), dd am ¢ (%), nhiét do t
(°C) xac dinh qua cot nhoi chta vat liéu thit nghiém dén thoi diém xuat hién khi doc
véi nong dd ngudng duoc phét hién theo sy thay d6i mau ctia chat chi thi héa hoc phia
sau cOt nhoi.

biéu kién kiém tra: D6 am dong khi ttr 80-85%; nhiét do thi nghiém tir 25°C dén
30°C; tdc dd dong khi 1,5 lit/phaut.

3. KET QUA VA THAO LUAN
3.1. Két qua khao sat tinh chat co ly caa vat liéu

Két qua do dién tich bé mat theo BET cua cac mau nghién ctru dwoc dua ra

trong bang 1.
Bdng 1. Thong so cdu triic mao qudn ciia cdc mau than.
Mau Sser (m%/g) Vineso(cm?/g) Vimicro(cm?/g)
AC 852,5 0,143 0,359
AC-4 681,2 0,112 0,267
AC-6 521,7 0,093 0,215
AC-8 435,2 0,0784 0,183
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Tt bang 1 c6 thé thay rang sau khi duoc tdm xtic tac, cac mau than déu c6 dién
tich bé mat riéng giam di dang ké. Diéu nay ching to, sau qua trinh ngam tam, cac xtc
tac kim loai déu da duoc hap phu vao trong mao quan ctia than hoat tinh. Co thé thay
rang, véi nong d6 dugc ngam tam la 4%, dién tich bé mét riéng ctia vat liéu da giam di
20%, con khi néng do tang lén 6% thi da giam dén 40%. Diéu nay nay duoc chiing
minh boi tong thé tich cdc mao quan trung va nho déu da giam di so vodi thé tich ban
dau.
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Hinh 1. Biéu d6 phan bd kich thudc mao quan ctia cdc mau than.

Déanh gia hinh thai hoc bé mat ctia vat liéu sau ngdm tam va hoat hoa, két qua
FE-SEM (hinh 2) cho thay d6 x6p cia bé mat vat liéu tao thanh sau ngdm tam va hoat
hoa da giam so v6i trude khi ngam tam, cac hat tinh thé c6 dang cau, dang manh va
kich thudc hat dong déu.

- [ - .
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5.0kV 5.1mm x20.0k SE(M) 2.00um IMS-NKL 5.0kV 5.0mm x20.0k SE(M)

Hinh 2. Hinh anh FESEM ctia mau AC va AC-6.
3.2. Két qua khao sat kha nang x& ly NHs

Than hoat tinh la vat liéu x6p, c6 nhiéu mao quan, 15 x0p; chinh vi vay, ban
than than hoat tinh c6 kha nang hdp phu tdt d6i véi cac hoi hitu co nhung hap phu
kém cac chat khi phan tt thdp hodc phan cuc nhu amoniac (NHs) hay hydrogen sulfide
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(H2S). Viéc tam thém xuc tac kim loai chinh la d€ nang cao hiéu suat xw ly cac loai khi
ddc nay. Dung luwong hap phu khi ctia than ngam tdm xtc tac duoc tinh theo cong thite
sau:
Q)
Q=F x f:[,j (1—-1dt
0 Co
Trong d6, Q: dung luwgng hap phu khi cua vat liéu (mg/g); F: tdc d dong chay
(lit/phut); Co: nong d6 khi dau vao; Ci: néng do khi dau ra; t: thoi gian xtt ly (phtt); ton:
thoi gian bao hoa (khi Ci = Co) (phut).
Nong d6 khi bi hap thu duoc tinh theo cong thikc:
C=C -Cu

Kha nang hap phu NHs cua than hoat tinh chuwa va da tdm xuc tac dwoc thé
hién & trén hinh 3. C6 thé thdy rd rang rang sau khi t&m xtc tac, kha ning hap phu
NH: ctia cdc mau than déu ting cao rd rét. Trong khi mau than chua tdm (AC) chi cho
kha nang hap phu NHs dat 48,6 mg/g thi mau than dwoc tam 6% khoi luong dong (AC-
6) cho kha nang hap phu 1én dén 103,0 mg/g; gap 2,1 lan. Mau AC-8 ciing cho lai két
qua gan nhu twong dong voi AC-6 véi kha nang hap phu 99,5 mg/g. Tir day c6 thé
thay ré“mg, viéc tam thém xuc tac kim loai vao than hoat tinh mang lai hiéu qua cao hon
nhiéu so vdi than khong dugc ngam tam. Kha nang hdp phu NHs ciing tang khi phan
tram khoi lwong dong trong than tang. Tuy nhién ham luong kim loai dong dua vao
than dén 8% thi hiéu qua hap phu khéong cai thién hon so véi mau AC-6.
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Hinh 3. Dung luong hap phu NHs ctia cdc mau than.

Trén hinh 4 thé hién duong cong ddng hoc kha ning xtr Iy NHs ctia cdc mau
nghién cttu. C6 thé nhan thdy rang véi cing mot lwong NHs, mau AC-6 cho thdy toc
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d6 xt ly nhanh hon nhiéu so véi mau than chua dwgc ngam tdm va ciing t6t hon so véi
cadc mau than duoc ngam tam véi nong do khac. Tk biéu do, cd thé nhan thay trong
600s dau, mau AC-6 cho thay kha nang xtt Iy khi tuyét voi khi hap phu dén 90,8% tong
s0 khi ¢ trong hé. Con sd nay o mau AC-8 1a 86,7%, mau AC-4 1a 75% va mau than
khong ngam tdm 1a 60%. Cuing véi d6, thoi gian x&t Iy ctia mau AC-6 ciing dugc quan
sat thay 1a ngan nhat khi can 3784s. Khoang thoi gian nay chi bang 65,4 % so véi mau
than chua dugc ngam td&m va ciing ngan hon so véi mau AC-8 (4500s).
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Hinh 4. Dudng cong dong hoc kha nang xtt Iy NHs ctia cdc mau.

3.3. Két qua khao sat kha niang x& ly khi HzS
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Hinh 5. Kha nang xtt ly H2S ctia cdc mau theo thoi gian.

Két qua khao sat kha nang xt ly khi H2S dwgc thé hién trén hinh 5. C6 thé nhan
thdy, hai mau AC-6 va AC-8 van cho lai két qua t6t nhat va khong chénh léch nhau
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nhiéu khi c6 thé xt ly dwoc 192 mg/g va 183 mg/g HaS véi mdi gram vat lieu. Két qua
nay cling cao hon dang ké khi duoc so sanh véi mau than AC-4 (145 mg/g) va so véi
mau than khong ngam tdm (84 mg/g). Diéu nay ciing chi ra rang, gidng véi khi xt ly
NHs, than dwgc ngadm tdm xuc tac da cho lai két qua tot hon rat nhiéu.

3.4. Két qua kiém tra thoi gian tac dung bao vé ddi véi Clo, Hydrocyanua, Clorpicrin
va Benzen

Tt cac két qua nghién cttu vé kha ndng xua ly khi nha vé sinh (NHs, H2S) cua
cac mau nghién cttu, chung toi lya chon dugc don pha ché ham lwong kim loai xtc tac
toi wu dong, bac, crom Ilan lwgt 1a Cu: 6%; Cr: 2%; Ag: 0,05% (Mau AC-6). Két qua th
nghiém thoi gian tac dung bao vé d6i véi mot sd khi doc dién hinh Clo, Hydrocyanua
va Clorpicrin dugc cho trong bang 2. Diéu kién kiém tra: D$ am dong khi tir 80-85%;
nhiét d¢ thi nghiém ttr 25°C dén 30°C; tdc d6 dong khi 1,5 lit/pht.

Bdng 2. Két qua kiém tra thoi gian tac dung bao vé ciia mau than hoat tinh sau tdim xtic tac AC-

6.
pp | Ténchitdocbiové thic | Nong do chit doc sir Thoi gian bao vé, phat
nghiém dung, mg/l AC AC-6
1 Clo (Cl) 4,5 16 83
2 Hydrocyanua (HCN) 5,0 10 67
3 Clorpicrin (CCIsNOz) 5,0 12 64
4 Benzen (CsHs) 18 129 115

Két qua thtr nghiém trong bang 2 cho thdy mau than hoat tinh sau khi tdm xtc
tac dong, bac, crom Ian luot la Cu: 6%; Cr: 2%; Ag: 0,05% (Mau AC-6) cé thoi gian bao
vé doi voi cac khi doc nhu Clo, Hydrocyanua va Clorpicrin tang lén lan luot 1a 5,2 lan;
6,7 lan va 5,3 lan. Riéng ddi voi khi benzen khong cé su khac biét nhiéu gitta mau than
hoat tinh tdm xdc tac va khong tam xtc tac vi day la hydrocacbon thom, co ché loai bd
benzen trén co s& hap phu trong cac mao quan nho cta than hoat tinh.

4. KET LUAN

Ché tao thanh cong vat liéu xi ly khi nha vé sinh (NHs, H2S) tir than hoat tinh
tdm xtc tdc Cu, Ag, Cr bang phuong phap tdm chan khong. Vat liéu xic tac duoc
ngam tam véi Cu (ham luong 6,0%), Cr (ham luong 2,0%) va Ag (ham luong 0,03%)
cho thay kha nang xt ly khi NHs dat 103 mg/g va HS dat 192 mg/g. Thoi gian tac dung
bao vé d6i voi khi clo dat 83 phut, d6i véi khi hydrocyanua dat 67 phuat,ddi voi khi
clorpicrin dat 64 phut va khi benzen dat 115 phut.
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RESEARCH ON FABRICATION OF MATERIALS FOR TOILET GAS
TREATMENT BASED ON METAL CATALYSIS IMPREGNATED
ACTIVATED CARBON

Ha Ngoc Thien", Vuong Van Truong!, Bui Khanh Hoa!,
Dao Thi Thanh Diep?Le Tran Uyen Tu?

Institute Of Tropical Durability, Vietnam-Russia Tropical Center
2University Of Sciences,Hue University
*Email: hnthien.ttndvn@gmail.com
ABSTRACT

Study on fabrication of activated carbon impregnated with Cu, Ag, Cr catalysts by
vacuum impregnation method is capable of treating toilet gas (NHs, H2S) and toxic
gases. The structural characteristics of materials were investigated by SEM, BET.
The efficiency of toilet gas treatment (NHs, H:S) is determined by a system
consisting of a filter column containing catalytic materials, standard gas generating
system with a pump and air duct, sensors measuring the concentration of NHs, H>S
gas and the computer system to record the signal. Activated carbon materials
impregnated with catalysts with 6,0% Cu; 0,03% Ag and 2,0% Cr have surface area
of 521,7 m?/g and porosity volume of 0,308 cm3/g. The materials are capable of
treating NHs gas at 103 mg/g and HzS gas at 192 mg/g. The time of protection effect
for chlorine gas reached 83 minutes, for hydrocyanide gas reached 67 minutes, for
chlorpicrin gas reached 64 minutes and benzene gas reached 115 minutes,
respectively. Catalyst materials impregnated with composite activated carbon can

handle toilet gas and toxic gases under normal conditions.

Keywords: activated carbon, catalyst, toilet gases conversion, toxic gases.
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