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Diém noi bat:

v/ Xay dyng thanh cong quy trinh ché tao than hoat tinh tim Cu-Ag-Cr quy mé pilot trén hé
thiét bi tam say chan khong tich hop thap xir Iy khi NHs.

v Lua chon diéu kién tbi wu tdm Cu-Ag-Cr trén than hoat tinh: tam & ap suat -0,09 Mpa
trong thoi gian 60 phit, sau d6 hoat hoa ¢ 175 + 5°C trong thoi gian 120 phat.

v" Quy trinh ché tao c6 d6 6n dinh cao, chit luong than hoat tinh dong déu, dap ung day du
cac tiéu chuén ché tao phin loc FK-U2 trén tau 16p P.

Tém tit: Nghién ciru trinh bay quy trinh ché tao than hoat tinh tim Cu-Ag-Cr trén hé thiét bi tim
sdy chan khong quy mé pilot img dung trong xir Iy khi NH; va H,S trong méi trudng khép kin trén tau
ngam. Quy trinh tdm thyc hién & 4p suat -0,09 Mpa trong thoi gian 60 phut, sau 6 hoat héa & nhiét do
175 + 5°C trong thoi gian 120 phut. Két qua cho thdy, than hoat tinh tim Cu-Ag-Cr c¢6 chit luong dong
déu va do on dinh cao, hidu suat tim kim loai dat 95,58% (Cu), 93,25% (Cr) va 88,97% (Ag). Dung
luong hip phu khi NH; va H,S ciia than hoat tinh 14n luot dat 102 mg/g va 200 mg/g. Than hoat tinh tim
Cu-Ag-Cr ché tao theo quy trinh dap tmg day du cac yéu cau k¥ thudt trong ché tao phin loc FK-U2 xir
khi NH; va H,S, gop phan bao dam strc khoe thuy thii va hidu sudt van hanh thiét bi trén tau ngam.

Tir khod: Hap phu khi déc; tam sdy chan khéng; phin loc khong khi; quy mé pilot; than hoat
tinh tam Cu-Ag-Cr.

1. PAT VAN PE

Trong mdi truong khép kin voi hang nghin chat khi doc hai trén tau ngam hay tau vii tru
can st dung hé théng thiét bi loc khong khi dé duy tri khong khi sach cho con ngudi sinh hoat
va lam viéc. Trén tau ngdm, hoat dong sinh hoat ciia thuly thui phat thai mot luong dang ké khi
hydrogen sulfide (H,S) va amoniac (NH3) tich tu trong khong khi c6 tinh kich ung véi mui kho
chiu, d& gay an mon thiét bi, ngd doc chit xtc tac va nhiéu tac dong bét loi khac. Tiép xuc véi
khi NH; & ndng d6 50-100 ppm c6 thé gay kich tmg mit, c6 hong va miii, & nong d cao trén
300 ppm c6 thé gay thuong tat vinh vién hodc tham chi tir vong [1]. Trong khi dé, phoi nhiém
cap tinh v6i khi H,S & nong do cao gy ra nhiém doc hé than kinh, suy ho hap cép, va ciing co
thé dan dén tur vong [2]. Do d6, nghién ctu phat trién cac vat liéu xur ly déng thoi khi NH; va
H,S ngay ¢ nhiét d6 phong trong cac moi truong khép kin 1a van dé mang tinh thoi sy va thu hat
su quan tdm 16n ctia cac nha khoa hoc trén thé gidi.
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Hién nay, cac vét liéu ph bién sur dung trong xir 1y khi doc NH; va H,S bao gdm vt liéu
xuc tac quang hoc, vat li€u zeolit trao ddi ion, vat liéu mang loc sinh hoc, vt liéu hép phu trén
nén than hoat tinh... Trong do, vatliéu loc xuc tac quang hoc x1r 1y khi ddc dua trén co ché OXy
hoa dudi tac dung ctia ngudn sang voi tée do phan tmg nhanh va hiéu qua xir Iy cao [3]. Tuy
nhién, co ché nay phu thudc nhiéu vao nguén sang, do am tuong dbi, ham lvong oxy va néng do
ban d4u cua khi doc [4, 5]. Vat liéu zeolit trao d6i ion cho hiéu qua xu 1y tot voi khi NH; nhung
lai c6 hi€u qua han ché ddi v&i khi H,S [6]. Cong ngh¢ xr ly bé‘mg mang loc sinh hoc than thién
vGi moi truong, chi phi thip nhung tdc d6 phan tmg cham, can khong gian rong va duy tri diéu
kién nhiét do, d6 4m va do pH 6n dinh [7, 8]. Trong bbi canh do, vat liéu hﬁip phu trén nén than
hoat tinh ndi 1én 1a mét lya chon wu viét voi kha niang xir Iy dong thoi khi NH3 va H,S nhanh
chéng, hiéu qua 6n dinh trong méi trudng khép kin va d6 4m cao nhu trén tau ngdm. Dbi véi xir
ly tung khi NH3 hoac H,S riéng biét, viéc ngdm tam than hoat tinh v§i axit [9] hodc kiém [10,
11] mang lai hiéu qua tt. Tuy nhién, dé loai bo dong thoi ca hai khi trong moi trnrong khép kin
trén tau ngam thi cac mudi cua kim loai chuyén tiép da dwoc nghién ciru dé tdm 1én than hoat
tinh nham cai thién dung lwong hip phy. Trong nhiéu nghién ctru khac nhau [12-16] di chi ra
rang, kim loai Cu, Ag, Cr va cac hop chat ctia ching khi dugc ngam tam 1én than hoat tinh dem
lai hiéu qua cao trong xu ly khi doc NHs, H,S, HCN...

Trong cac nghién ciru gan day [17, 18], chung t6i dd xay dung thanh cong quy trinh ché
tao than hoat tinh tim Cu-Ag-Cr quy md phong thi nghiém (2 kg/mé) tmg dung trong san xuét
phin loc 1am sach khong khi FK-U2 str dung trén tau P. Trong do, than hoat tinh dugc tdm & ap
suit -0,95 Mpa, sau d6 hoat hda & nhiét do 175 + 5°C trong thoi gian 2 gid, ham lugng kim loai
lan Iuot 1a Cu 6,5%; Ag 0,035% va Cr 2%. Tuy nhién, viéc san xuat phin loc FK-U2 can sir
dung khdi lwong 16n than hoat tinh tim Cu-Ag-Cr ma quy mé thi nghiém khéng thé dép tng
nhu ciu. Trong nghién ctru nay, chung t6i nghién ctu x4y dung quy trinh cong nghé ché tao
than hoat tinh Cu-Ag-Cr quy mé pilot (10 kg/mé) trén hé thiét bi tim siy chan khong dong bd
thiét bi xtr Iy khi NHs véi chat lwgng on dinh va do dong déu cao.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén li¢u, héa chit va thiét bi

Than hoat tinh, dang vién ® 0,9 mm, ham 4m 3%, chi s6 Iodine 1000 mg/g;

AgNO;3, 7761-88-8, Trung Quéc, ham lugng > 99%;

CrOs, 1333-82-0, Trung Quéc, ham luong > 99%;

CuC0O;.Cu(OH);,.2H,0, 12069-69-1, Trung Quéc, dang ngoai: dang bdt mau xanh, ham
luong > 98%:;

NH3, 1336-21-6, Trung Quéc, ham luong 25~28%;

~ He thong thiét bj tam sy chan khong SZG-200: Ap suét am t6i da -0,09 ~ -0.096 Mpa, nhiét do
say toi da 250°C, thap xtr ly khi NH3 bang mang nudc;

May lic sang riy LMSM 300/450 Laarmann (Ha Lan);

_ Sensor do khi NH3 module ZE03-NH3, dai do (0 ~ 200) ppm, d¢ chinh xéac 1 ppm, dai dién ap
daura (0,6 ~3,0) V;
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Sensor do khi H,S module ZE03- H,S, dai do (0 ~ 200) ppm, d6 chinh xac 1 ppm, dai dién ap
daura (0,6 ~3,0) V.

2.2. Phwong phap nghién ctru

a) Phuwong phdp tam kim logi

Chuén bi dung dich tdm (tim 10 kg than hoat tinh): Liy 1,0 kg NH4sHCO; va 1,84 kg
CuCOs;.Cu(OH),.2H;0 hoa tan hoan toan trong 6,0 L dung dich NH3 25~28% thu duoc dung
dich 1. Hoa tan hoan toan 580 g CrO; trong 500 mL NH3 25% va 1,5 L H,O thu dugc dung dich 2.
Lay 125 g AgNO; hoan tan trong 500 mL nugc cat thu dugc dung dich 3. Cho lan luot dung
dich 3 va dung dich 2 vao dung dich 1 khuay déu trong 30 phut thu dugc dung dich tam.

Diéu kign tam: 4p suét -0,09 Mpa, thoi gian tdm 60 phit, toc do quay than bon 10
vong/phut. Diéu kién hoat hoa: nhiét do 175 + 5°C trong thoi gian 120 phat.

b) Phuwong phdp kiém tra chat lwong than hoat tinh tam Cu-Ag-Cr

Ham lugng kim loai: Phuong phap EPA Method 3051, 7010 va 7000B (phéan tich trén F-
AAS);

Ham 4m: Thuc hién trén can phan tich ham 4m DSH-10A.

Khéi luong riéng dong p: Pua than hoat tinh vao dng dong dén thé tich khoang (50~70)
mL. Xac dinh thé tich ¥ trong dng dong sau khi rung & tan s6 140~160 1an/phut trong 15 gidy va
khdi lugng m cua vat liéu. Khéi luong riéng dong cua vat liéu dugc tinh theo cong thic:

m
== M
Kiém tra dung lwong hap phu khi NH; va H,S: Can chinh x4c 0,8 g miu than hoat tinh cho
vao Ong thiy tinh duong kinh 6 mm, tao ra cot than cao khoang 50 mm. Bom khi NH; nong do
500 ppm hodc khi H,S ndng do 100 ppm, téc do dong khi 1a 1 lit/phat lién tuc qua cot than.
Dung luong hip phu duoc tinh theo khéi lugng ting 1én trén mdi gram than. Dung luong hap
phu tinh bang két qua trung binh ctia 03 1an thi.

Kiém tra d6 bén hat: Liy (50 £ 3) g hat than hoat tinh duwong kinh 16 > 0,5 mm. Lay 05 vién bi
str duong kinh 22 mm cho vao mam ciu v6i hat than hoat tinh, ddy nip va chay & tan s6 (150 + 3)
lﬁn/phﬁt trong 30 phut. Phén hat than hoat tinh con lai dugc sang lai trén sang @ 0,5 mm trong 60
gidy & tan s& 140~160 lan/ phut. Két thic qua trinh rdy, c4n lwong hat than hoat tinh 4 con luu lai
trén sang duong kinh 16 0,5 mm (chinh x4c dén 0,1 g). DO bén hat dugc tinh theo cong thirc sau:
P= WiM x 100% ®)

3. KET QUA VA THAO LUAN

3.1. Nghién ctru tdi wu héa diéu Kién tam va diéu kién hoat h6a trén hé thong tim siy
chian khong tich hgp thap xir ly khi NH; dw

3.1.1. Hé thong tam sdy chdn khéng tich hop thap xit Iy khi NH duw

Quy trinh ché tao than hoat tinh quy mé pilot dugc xay dung dua trén cac két qua nghién
ctru didu kién tam va diéu kién hoat héa & quy mé phong thi nghiém [17,18]. O quy mé pilot sir
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dung thiét bi tim sdy chan khéng cho phép thuc hién lién tiép ca hai cong doan tim va siy hoat
hoa. So d hé thdng thiét bi nhu trong Hinh 1.
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Hinh 1. So d6 thiét bi tim siy chan khong tich hop thap hip thu NH;.

Thiét bi tAm sdy chan khong c6 két cau hinh non déi co thé quay quanh truc két hop véi
dau phun ap luc giup phan tan déu dung dich tdm 1én than hoat tinh. Thiét ké nay 1a mot cai
tién so voi phuong phap tim & quy mo phong thi nghiém khi than hoat tinh dugc ngam tinh
trong dung dich. Sau cong doan tim, thiét bi thyc hién ngay qué trinh gia nhiét dé nung hoat
hoa ma khong can chuyén sang thiét bi khac nhu phuong phép cii. Trong qua trinh nhiét phan,
cac phuc chét ciia Cu, Cr, Ag v6i amoniac bi phan huy hinh thanh céc oxit kim loai va giai
phong mot lwgng 16n khi NH;. Do khi NH; khong thé xa thai truc tiép ra moi trudng nén toan
b6 lugng khi nay s& duoc din vao thap hip thu mang nudc. Bén trong thap, nuée duge bom
tudn hoan tir day 1én dinh thap, chay qua hé théng ludi dém dé tao mang nudc mong tir trén
xubng gitp hap thy khi NH; ¢ day thap.

Heé thdng thiét bi tam sdy chan khong tich hop thap hap thu xt Iy khi NH; cho phép thuc
hién d6ng thoi qué trinh tdm va hoat héa trong mdi truong chan khong gitip nang cao hiéu sut
tam. Hé thong khép kin gitp kiém soat va xir Iy c6 hiéu qua khi thai NH;3, gop phan nang cao
tinh an toan va than thién vi méi truong cia quy trinh ché tao.

3.1.2. Nghién ciru dnh huong ciia thoi gian tam doi voi dung heong hdp phu khi NH;z va HS

Dé nghién ciru anh hudng cua thoi gian tam ddi voi dung luong hap phu khi doc, ching
t6i ¢b dinh cac diéu kién tim nhu ham luong kim loai trong dung dich tim, ap suat tim -0,09
Mpa, thay d6i thoi gian tam 1an luot trong 30 phut, 60 phat, 90 phut va 120 phit. Sau d6, cac
mau duoc hoat hoa & cung diéu kién 175 + 5°C trong thoi gian 120 phut. Két qua thir nghiém
téng dung luong hép phu khi H,S va NH; cila cic mau than hoat tinh tAm trong thoi gian khac
nhau dugc thé hién trong Hinh 2.
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Hinh 2. Anh hudng cta thoi gian tam véi dung lwong hap phu NH;, HsS.

Mau tam trong 30 phiit ¢6 tong dung lugng hap phu khi doc thap nhét chi dat 155 mg/g
v6i HaS va 75 mg/g voi NH;. Mau tam trong 60 phit c6 tong dung lugng hip phu khi doc
cao nhét (198 mg/g véi HaS va 97 mg/g voi NH;), tuong duong véi két qua tim & quy mo
phong thi nghiém (192 mg/g voi H,S va 103 mg/g voi NH3) [17]. Mu tam trong thoi gian
90 phut va 120 phiit c6 dung luong hip phu khi H,S va NH; giam so véi miu tam trong 60
phat. Két qua nay cho thiy, viéc ting thoi gian tam gitp ting kha nang xu Iy khi doc cua
than, tuy nhién sau khi dat trang thai bdo hoa néu tiép tuc ting thoi gian tdm s& lam giam
dung lugng hap phy. Piéu nay co thé 1y giai do kich thudc 16 xp than hoat tinh rit nho (tir 2
nm dén 50 nm) va dung dich tdm c6 do nhot nhat dinh dan dén tro luc thAm thau rat 16n, can
thoi gian nhat dinh dé dung dich tam khuéch tan vao trung tim 156 xdp. Sau khi ham lugng
chat mang trén than hoat tinh dat dén trang thai bdo hoa, néu tiép tyc ting thoi gian tam co
thé dan dén hién twong chénh léch vé ap suat va ndong do khién chat mang bi diy nguoc trd
lai dung dich tam tir 6 1am giam dung lugng hip phu.

3.1.3. Nghién ciru énh heong ciia thoi gian hoat héa doi véi dung lirong hdp phu khi NH; va HbS

Dé nghién ctru sy anh hudng cia thoi gian hoat héa ddi v6i kha nang xtr 1y khi doc, than
hoat tinh sau khi tim trong thoi gian 60 phat s& duoc hoat hoa ¢ nhiét do 175°C + 5°C trong thoi
gian 60, 90, 120, 150 va 180 phut.

Két qua duoc trinh bay trong Hinh 3, ¢6 thé thdy sau 60 phit hoat hoa dung lugng hap phu
khi doc & muc thip 76 mg/g HoS va 65 mg/g NH;. Khi ting thoi gian hoat hoa 1én 90 va 120
phat dung luong hap phu ting nhanh rd rét va dat gia tri cuc dai tai thoi diém 120 phit v6i dung
luong hap phu H,S va NHj; dat 1an luot 195 mg/g va 105 mg/g, tuong duong voi dung lugng hip
phu khi doc ciia than hoat tinh ché tao theo quy mé phong thi nghiém (192 mg/g H,S va 103
mg/g H>S) [17]. Nguyén nhan 1a khi thoi gian hoat héa ngan (60 phit) khong di dé nhiét phan
hoan toan cac phirc mudi kim loai thanh oxit kim loai nén dung lwong hap phu khi doc thap. Sau

Tap chi Khoa hoc va Céng nghé nhiét ddi, Tap 15, S6 2, 6 - 2026 84



Théng tin khoa hoc céng nghé

khi dd nhiét phan hoan toan cac phuc kim loai (120 phut), néu tiép tuc tang thdi gian hoat hoa
thi dung lugng xtr 1y thay d6i cham va c6 xu hudng giam xudng co thé do mot phan than hoat
tinh bat dau bi tro hoa lam pha v cau trac 15 xp cua than.
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Hinh 3. Anh hudng cua thoi gian hoat hoa déi véi dung lugng hap phu khi doc.

Trén co so cac phan tich néu trén, ching t61 da lua chon dugc diéu kién t6i wu ché tao than
hoat tinh tdm Cu-Ag-Cr trén hé thiét bi tim sy chan khong quy mé pilot: tam & ap suat -0,90 Mpa
trong thoi gian 60 phat, sau d6 hoat hda & 175 + 5°C trong 120 phut.

3.2. Nghién ctru d9 dong déu ciia than hoat tinh ché tao theo quy mé pilot

Dé danh gia d6 dong déu cua than hoat tinh & cac phan doan khac nhau trong bon tam,
thuc hién 14y ngiu nhién 06 mau thudc 03 phan doan trong cuing mét 1an tim: 02 miu & ting
day (TD-01, TD-02), 02 mau & tang giita (TG-01, TG-02) va 02 mau ¢ tang trén (TT-01, TT-
01). Két qua kiém tra ham lugng va hi¢u suit tim kim loai trén than hoat tinh & cac phan doan
duogc thé hién trong Hinh 4. Két qua phén tich cho thdy, cac mau than hoat tinh & cac phan
doan khac nhau trong budng tron c6 d6 dong déu cao thé hién qua gia tri trung binh va hé sb
bién thién CV% ctia ham lugng kim loai va hiéu suat tm (ham lugng kim loai do thuc té so
v6i ham luong kim loai tinh toédn).

Ham luong Cu va Cr ¢ cac phan doan c6 hé s6 bién thién CV% rat nho lan luot 14 0,50%
va 1,31%, sai 1éch so v&i gia tri trung binh rat thap cho thdy d6 dong déu rit cao. Mic du, ham
luong bac c6 hé s6 bién thién 5,17% cao hon nhiéu so v4i ham lvong Cu va Cr, nhung sy
chénh 1éch nay 1a do ham hrong bac trung binh rét thip 0,058%. Su bién thién tuyét ddi thé
hién qua d¢ 1éch chuan SD = 0,003 1 khong dang ké ching to cic mau van dam bao do dong
déu tbt. Hiéu suit tm Cu, Ag va Cr trung binh so véi ham lugng tinh toan (6,5% Cu, 1,8%
Cr, 0,065% Ag) dat lan lugt 95,58%, 93,25% va 88,97%. Tinh 6n dinh cua quy trinh dugc
khang dinh thong qua hé s6 bién thién ciia hiéu suat tim, v&i gia tri CV% & mtc thap lan lugt
14 0,52% Cu, 1,46% Cr va 4,66% Ag cho thdy d6 dong déu va tinh ddng nhét ciia san pham
trén toan b thé tich bon trong ciing mot meé tam.
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Hinh 4. Két qua kiém tra ham lwong va hiéu sudt tam kim loai trén than hoat tinh.

Qua phan tich néu trén cho thiy, cdic mau than & cac phan doan khac nhau trong bon tam
c6 tinh ddng nhét va do dong déu cao. Két qua nay da khang dinh tinh 6n dinh cia quy trinh va
chung minh tinh kha thi ctia quy mo pilot.

3.3. Hoan thién quy trinh cong nghé ché tao than hoat tinh tim Cu-Ag-Cr quy mé pilot

Trén co s& cac két qua lga chon diéu kién tim va danh gia do déng déu cua than hoat tinh
ché tao theo quy mo pilot, nhom nghién cuu da tiép tuc thuc hién 15 1an tim theo cac diéu kién
t6i wru (ki hiéu mau tir M-01 dén M-15). Cac chi tiéu chat luong cua than hoat tinh dugc kiém tra
theo mirc cht lwong ctia Diéu kién ky thuat (20TK PL.00.00.DK), nhu trong Bang 1.

Bang 1. Chi tiéu chét luong cta than hoat tinh tim xuc tac dung cho phin loc FK-U2

STT Tén chi tiéu chit lwong Pon vi do Mikc chit lrong
1 | Dangngoai Dang hat tir ndu dén den
2 | Ham am, khéng I6n hon % 5
3 | Khéi lugng riéng dong g/em’ 0,48 + 0,64
4 Ham luogng kim loai

4.1 | Cu, khong nho hon % 6
4.2 | Cr, khong nho hon % 1,5
4.3 | Ag, khong nho hon % 0,03
5 | Do bén hat, khéng nhé hon % 80
6 | Dung lugng xur ly khi NHj, mg/g 80
khong nho hon
7 | Dung luong xtr ly khi H,S, mg/g 152
khong nho hon
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Két qua kiém tra chit lugng ctia 15 méu than hoat tinh tim Cu-Ag-Cr dugc trinh bay trong
Bang 2 va Bang 3.

Bang 2. Két qua kiém tra chit luong than hoat tinh tim xtic tac.

. , | Khdilwong | | e luene
STT | Mau Mau sac riéng d(;ng, Am, % hz..lt, o hap phy, mg/g
g/em NH; | H,S
1 M-01 | Mau nau den 0,52 3,21 85 110 205
2 M-02 | Mau nau den 0,56 2,07 90 112 210
3 M-03 | Mau nau den 0,50 3,30 91 98 204
4 M-04 | Mau nau den 0,51 3,17 87 108 216
5 M-05 | Mau nau den 0,52 2,96 90 92 200
6 M-06 | Mau nau den 0,56 3,42 85 115 209
7 M-07 | Mau nau den 0,50 3,12 85 102 204
8 M-08 | Mau nau den 0,52 2,70 83 110 198
9 M-09 | Mau nau den 0,50 3,37 90 96 200
10 | M-10 | Mau nau den 0,53 3,32 91 95 196
11 | M-11 | Mau nau den 0,54 2,90 86 98 180
12 | M-12 | Mau nau den 0,56 3,42 85 105 195
13 | M-13 | Mau nau den 0,54 3,50 90 95 199
14 | M-14 | Mau nau den 0,56 3,28 86 101 202
15 | M-15 | Mau nau den 0,50 3,30 92 97 188
Trung binh 0,53 3,14 88 102 200
Bang 3. Két qua kiém tra ham luong Cu-Ag-Cr trong than hoat tinh.
STT Miu Ham lwgng Cu, % | Ham lwong Cr, % | Ham heong Ag, %
1 | M-01 6,270 1,710 0,060
2 | M-02 6,120 1,640 0,040
3 | M-03 6,410 1,550 0,040
4 | M-01-06 6,200 1,560 0,050
5 | M-01-15 6,180 1,550 0,043
Trung binh 6,236 1,602 0,047

"M-01-06 (mdu trén M-01 dén M-06), M-01-15 (mau trén M-01 dén M-15).
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Két qua cho thay tit ca mau ldy tir cac mé ché tao theo quy trinh céng nghé quy mé
pilot déu déap ung yéu cu cua Diéu kién ky thuat, du diéu kién st dung dé ché tao phin loc
FK-U2. Quy trinh c6ng nghé ché tao than hoat tinh quy mé pilot c6 d6 déng déu, do tin
cay va tinh 6n dinh cao.

Viéc ché tao thanh cong than hoat tinh tam Cu-Ag-Cr & quy mé pilot mang lai hiéu qua
mg dung cao, tuy nhién quy trinh nay sir dung CrO; ¢ doc tinh cao. Cac nghién ctru gan day
da tép trung vao cac vat liéu dua trén oxit kim loai chuyén tiép nhu ZnO, Fe,05, NiO,
C030... thay thé CrO; dé hip phu khi H,S & nhiét do thap [14, 19 va 20]. Nghién ciru [21]
chi ra rang sy phan tan hdn hop oxit ZnO-CuO véi ty 1& mol thay doi tir 0:1 dén 1:1 trén nén
than hoat tinh gitp cai thién dang ké kha nang hap phu khi doc, hé sb sir dung pha hoat tinh
dat dén 76%. Dahao Jiang va cong su [22] da diéu ché hon hop oxit kim loai Cu-Zn-Al bé‘mg
phuong phap dong két tiia véi ty 16 mol Cu/Zn khac nhau dat dung luong luu huynh tai diém
dot pha cao (4,4 dén 25,7 g S/100 g chit hap phu) ¢ nhiét d6 40°C. Nhiing két qua nay mang
dén dinh hudng hitu ich cho cac nghién ciru trong tuong lai nham phat trién cac vat lidu xir Iy
khi doc trén nén than hoat tinh tim oxit kim loai thay thé CrO;.

4. KET LUAN

Két qua nghién ctru da hoan thién quy trinh c6ng nghé ché tao than hoat tinh tim Cu-
Ag-Cr bang phwong phéap tim chan khong & quy mo pilot trén hé thiét bi tim siy chan khong
ddng bo voi thap xir 1y khi NHs tai Trung tim Nhiét doi Viét - Nga. Cac diéu kién t6i vu dé
ché tao vat liéu than hoat tinh tdm Cu-Ag-Cr: ap suét tam -0,09 Mpa, thoi gian tam 60 phut;
nhiét d6 hoat héa 175 + 5°C, thoi gian hoat hoa 120 phut. Két qua cho thiy, than hoat tinh tim
Cu-Ag-Cr ché tao trén hé thiét bj tAm sdy chan khong c6 d6 6n dinh cao, chit lugng dong déu,
hiéu suat tdm Cu; Ag; Cr dat 1an lugt 95,58%; 93,25%; 88,97%, dung lwong hip phu khi NH;
va H,S trung binh dat 102 mg/g va 200 mg/g. Trén co sé cac két qua nghién ciru di dat duoc,
chung t6i s& tiép tuc md rong dinh hudng nghién ctru ché tao nhom vat liéu hap phu tam hon
hop céc oxit kim loai khac thay thé Cr, cong nghé xir I cac khi doc khac nhu NO,, CO, HCN,
benzen..., cong ngh¢ tai sinh than hoat tinh cling nhu theo doi hi¢u qua st dung thuc té cua
than hoat tinh trén tau ngam 16p P.

Loi cam on: Nhom tdac gid cam on sy hé tro vé kinh phi cua nhiém vu: “Hoan thién quy trinh
cong nghé ché tao than hoat tinh tam xic tdc sir dung trén cac phin loc lam sach khong khi va tié}? tuc
thir nghiém thiee té trén tau I6p P”, md s6: PB.N1.25/24, cap Trung tam Nhiét déi Viét - Nga.

Tuyén bo vé siv dung Gen AI: Nhom tic gia tuyén bé cic cong cu Al tao sinh khéng dwoc siv
dung dé tao ra hodc chinh sira ni dung khoa hoc ciia ban thao nay. Trong phan ¢6 sir dung céng cu
Al (chi hé tro kiém tra ngit phdp/dinh dang), cdc tic gia da kiém tra toan bé ndi dung va hoan toan
chiu trach nhiém déi véi ndi dung cudi cung.

Tuyén bo vé dong gop ciia tic gia: Nguyén Trong Nghia: Chudn bi ban thdo goc, xir Iy sé liéu,
chinh sita ban thao; Nguyén Hitu Péng: Thire nghiém, xi Iy s6 liéu; Dwong Quoc Bdo:Tong quan, xir 1y
6 liéu; D6 Van Quy: Phwong phdp ludn, thuc nghiém, xir 1y sé liéu; Nguyén Hing Thai: Chudn bi ban
thao goc, phwong phdp nghién ciru; Vii Tran Dwong: Tong quan, xit Iy s6 liéu; Ha Ngoc Thién: Phwong
phap nghién cuu, chinh siwa bdn thdo.

Tuyén bé vé xung dét lgi ich: Bai bio khéng cé bat ky xung dét loi ich véi bat ky cdc tde gia nao.
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ABSTRACT

Research on the pilot-scale fabrication technology of Cu-Ag-Cr impregnated activated
carbon for the removal of hydrogen sulfide and ammonia from air

This study successfully demonstrates the pilot-scale synthesis of a Cu-Ag-Cr tri-metallic
impregnated activated carbon using a vacuum impregnation-drying system, designed for the efficient
removal of NHs and H>S in enclosed submarine atmospheres. The optimized protocol comprised
impregnation at -0.09 MPa for 60 minutes, followed by thermal activation at 175 + 5°C for 120 minutes.
The resulting adsorbent exhibited excellent uniformity and stability, achieving high metal impregnation
efficiencies of 95.58% (Cu), 93.25% (Cr), and 88.97% (Ag). Evaluation of its gas adsorption
performance revealed substantial capacities, reaching 102 mg/g for NHs and 200 mg/g for H>S. The
developed material meets all technical specifications for the production of FK-U2 filter cartridges,
confirming its strong potential for practical application in ensuring crew safety and maintaining the
operational integrity of submarine systems.

Keywords: Air filter cartridge; Cu-Ag-Cr impregnated activated carbon; pilot scale; toxic gas
adsorption; vacuum impregnation-drying.
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