Nghién ctru khoa hoc céng nghé

NGHIEN CUU CHE TAO THANH PHAN KHOI PONG DUNG
TRONG MAT NA CACH LY KIEU TAI SINH OXY

VUONG VAN TRUONG", HA NGOC THIEN®, vU TRAN DUONG"”, NGUYEN HUNG THAI""
1. PAT VAN PE

Mit na cach ly (MNCL) kiéu tai sinh oxy la trang bi duoc st dung dé bao vé
co quan ho hip, mat, da mat khoi bat ky hdn hop doc hai nao cé trong khong khi,
khong phy thudc vao tinh chét ciing nhu nong d6. Khi sir dung MNCL, co quan ho
hap duoc cach ly hoan toan véi moi trudng xung quanh, hdn hop khi thd duoc tuan
hoan trong khéng gian kin ciia mat na voi nong do cac khi (6xy, cacbonic) va hoi
nuodc trong gidi han cho phép [1, 2].

B0 phan co chirc ning tai sinh 6xy 1a binh tai sinh ¢ chtra cac thanh phan gom
thanh phan khoi dong (banh khéi dong) va thanh phan tai sinh. Cac thanh phan nay
dugc ché tao trén co s& cac chét tai sinh 6xy thuong 1a peroxide va superoxide cua
kim loai klem va kiém tho nhu Na,O,, K202, Ca(0;),, KO,, NaO,,... Thanh phén
khoi dong nam trong co ciu khoi dong gdm ampul chira dung dich chat long moi
(dung dich mubi hodc dung dich axit) dam bao tao ra lugng 6xy can thiét dé tho ¢
giai doan dau khi sir dung MNCL. Qué trinh nay dién ra rat ngan, tir 15 dén 30 gidy
[3]. Banh khoi dong (BKP) can phai dap tng nhiing yéu cau co ban nhu: c6 ham
luong Oxy cao trén mot don vi khéi luong; kip thoi tao ra luong hoi nude du de kich
hoat tang tai sinh trong giai doan dau; co d6 bén co hoc cao, giit dugc su 6n dinh vé
cdu tric trong qua trinh van hanh,...[3]. Nguyén liéu hoa chit ding dé ché tao BKD
c6 do hoat dong hoa hoc cao, hut ém manh. Do d6, viéc ché tao BKD doi hoi phai
duogc thuc hién trong méi truong co d6 am dudi 20% trén cac thiét bi, cong nghé
chuyén dung. Noi dung cua bai bao nay, s€ gioi thiéu mot s6 két qua nghién ctru ché
tao BKD dung trong MNCL kiéu tai sinh 6xy bang thiét bi, cong nghé trong nude.

2. THUC NGHIEM
2.1. Nguyén liéu, héa chit

NaO; (ham lugng 6xy hoat dong trén 31,5%, Nga), KO, (ham luong 6xy hoat
dong trén 39,2%, Nga); KHSO4 (> 99%, Merck); bot Al (= 97%, Merck); H,SOy,
H3PO, (Merck); nudc cit 2 lan, pH tir 5,6 dén 6,8; CaSiO; (> 98%, Nga); bot talc
Mg3Si4019(OH), (kich thude hat < 5 pm, Trung Quéc); hat tai sinh OKCh-3 (ham
luong hoat dong 25,5%, Nga); dung dich moi 1a hdn hop hai axit theo ty 1& thé tich
g@)m dung dich H,SO4 35%, dung dich H;PO4 63% va nudc la 11 : 44 : 45).

2.2. Phwong phap ché tao BKD

Can dinh luqng tung thanh phﬁn nguyén liéu gém NaOz,,KOg; KHSOy; bot Al,
CaSi0; theo don ché tao cho vao hop kin dung tich 1 lit, tron lac deu.

Can 100g hon hop héa chit & trén dwa vao khudn ép tao hinh BKD (dudng
kinh 95,0 mm, chiéu cao 12,0 mm), lyc ép 60 Mpa, thoi gian ép 20 gidy. Banh khoi
dong sau khi ép duoc bao quan trong hop kin. Céc thao tac duoc tién hanh trong
phong cong nghé ¢ nhiét do 25 + 2°C va do am dudi 20%.
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2.3. Phwong phap xac dinh tong ham lwong 6xy hoat dong trong miu

Téng ham luong 6xy hoat dong dugc thuc hién trén thiét bi do thé tich khi
LML-2 (két ndi véi may do Iuu luong khi). Cho BKD véo budng phan tmg cia thiét
bi, bom vao banh khoi dong 1ml dung dich mdi. Quan sat va ghi lai luong khi thoat
ra thong qua ddng ho do luu lwong khi.

2.4. Thir nghiém danh gia d9 bén co hoc ciia BKD

bé danh gia do bén co hoc ctia BKD sau khi ché tao dam bao chét luong trong
qué trinh van chuyén va bao quan chung t6i st dung thiét bi thir d6 rung model
TGC-FT-OC (Pai Loan). BKD dugc cho vao hop dung ddy nap kin thir nghiém trén
thiét bj rung lic TGC-FT-OC véi bién d6 25 mm, tan sb 60-80 lan/phit trong thoi
gian 30 phut. Két thuc thir nghiém danh gia cac chi tiéu dang ngoai, do cung (bang
thiét bi do do ctimg Erichsen 60098/023) va d6 giam khdi luong.

2.5. Phwong phap Kkiém tra tré lwc hop tai sinh RP-6

Kiém tra tro lyc dugc tién hanh ngay sau khi két thuc qua trinh kiém tra trén
phéi nhan tao hodc thir nghi€ém trén nguoi ¢ Iuu lugng khi vao 30L/min trén "Thiét
bi kiém tra tr& luc". Bat thiét bi kiém tra trd luc, mé khi nén duy tri ap suét khi nén
trén dong hd téng 1a 4kG/ecm?, Iuu luong khi vao & 60 L/min. Két ndi hop RP-6 véi
thiét bi théng qua 6ng voi voi, diéu chinh luu lugng khi kiém tra & 30L/min, doc két
qua tro luc trén dong hd do.

2.6. Thir nghiém kha nang tii sinh 0xy trén ngudi tinh nguyén

Dé danh gia chat lugng ciia BKD, kha ning tai sinh 6xy ctia hop tai sinh RP-6,
tién hanh thir nghiém trén nguoi tinh nguyén. Nguoi tinh nguyén dugc lya chon 1a
nhitng nguoi khoé manh, tién st khong mic cac bénh vé tim mach, than kinh, khong
sir dung ruou bia va cac chat kich thich 72 gid trude gio thir nghiém va duoc kiém
tra sttc khoé so b trudc va sau thir nghiém (do cin ning, huyét ap, tan sb thg). Cho
ngudi tinh nguyén thd hoan toan bang hop tai sinh RP-6 ¢ cac ché d6 khac nhau: khi
thuce hién cac cong viéc voi cuong do hoat dong trung binh; & trang thai nghi ngoi
trong ddi yén tinh. Po thoi gian thd va danh gia theo yéu cau k¥ thuat cua mit na
cach ly IP-6 [1].

3. KET QUA VA THAO LUAN
3.1. Nghién ciru lra chon t6i wu chiing loai, xAy dung don ché tao BKD

Tuy thudc va tinh ning k¥ thuat ciia moi loai MNCL ma BKD sir dung trong
hop téi sinh ciing c6 nhitng yéu cau twong tmg. BKD can phai thoa man nhiing yéu
cau co ban nhu: ¢6 ham 6xy 16n trén mot don vi khéi lwong; phan tmg voi dung dich
mdi tao lwong Oxy can thiét dap tmg nhu ciu hd hip ban dau; qua trinh khoi dong can
phai tao ra lwvong hoi nudce di dé kich hoat thanh phan tai sinh; c6 ciu tric phu hop;
¢4 dd bén co hoc cao; gilr duoc su 6n dinh vé cau trac trong qua trinh van hanh, an
toan cho nguoi st dung... Trén co s¢ cac tai li¢u tham khao [3-5], nhém nghién clru
xay dyng thanh phan don ché tao BKD nhu bang 1.
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Bang 1. Pon co sé ché tao BKD

STT Nguyén ligu Khdi hrong, %
1 | Kali superoxide KO, 36-42
2 | Natri superoxide NaO, 12-18
3 Kali bisulfat KHSO4 hoac AI(OH); 36-42
4 | Bot nhom Al 2,5-3,5
5 | Chat lién két (Wollastonit) 2,5-3,5

Trong d6: natri superoxide NaO, va kali superoxide KO, dong vai tro 1a cac chét
sinh khi 6xy tirc thi khi mdi BKD; bot nhom (Al) 1a ngudn sinh nhiét da 16n giup phan
huay céc chat dé tao hoi nude tire thi; nhém hydroxit AI(OH); va kali bisulfat KHSO4
trong vai trd 13 ngudn tao ra hoi nuéc; Wollastonit CaSiOs 14 chat lién két va tao do
toi Xép, on dinh céu trac cho BKD.

Nhu da trinh bay ¢ trén, cac vat li¢u ché tao BKD 1a cac hoa chét co do hoat
dong hoa hoc cao nhu KO,, NaO; 1a cac chét c6 tinh 0xy hoa manh, kiém manh va
hat am manh rat d& xay ra phan tmg hoa hoc khi tiép xuc véi cac vat liéu hitu co,
nude. Do d6 vat liéu lva chon dé tao ciu trac cho BKD phai la cac sgi vo co, c¢6 hoat
tinh hoa hoc thip (vat lidu tro). Cac tAm tai sinh khong khi do Nga san xuit nim
2001 va nam 2013 str dung amiang tréng lam vat liéu c4u tric. TAm tai sinh do Viét
Nam san xuét ciing st dung amiang mac A-2-22 c¢6 dudng kinh sgi trung binh
khoang 30-60 nm [6]. Nhom nghién ctru st dung so1 Wollastonit CaSiO; lam vét li¢u
chat lién két tao céu truc.

3.2. Két qua nghién ciru lwa chon chit lam ngudn tao hoi nwéc trong BKD

Trén co s¢ don co ban da xay dung nhu trong bang 1, chung t61 tién hanh khao
sat cac chat trong vai trd 12 ngudn tao hoi nuée trong BKD st dung nhom hydroxit
Al(OH); va kali bisulfat KHSO4. Nhom nghién ctiu tién hanh lya chon, thay doi ty 1€
cac thanh phan va thiét 1ap cac don nhu ¢ bang 2.

Bang 2. Thanh phan don ché tao BKD trén co so kali superoxide

Pon Thanh phin BKD, phin khdi lwong

Ne | NaO, | KO, | KHSO4 | AI(OH); | Bot Al CaSiO;
N1 | 14 40 36 - 3 3
N2 | 14 40 38 - 3 3
N3 | 14 40 40 - 3 3
N4 | 14 40 42 - 3 3
N5 | 14 40 - 36 3 3
N6 | 14 40 - 38 3 3
N7 | 14 40 - 40 3 3
N8 | 14 40 - 42 3 3
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BKD dugc ché tao theo quy trinh cong nghé muc 2.2. Thanh phan don téi uu
nhét dugc xac dinh bang thuc nghiém, thong qua thir nghiém chét luong, khao sat cac
thong sd 1am viéc ctia banh khoi dong trén thiét bi do thé tich khi LML-2 (két ndi voi
méy do luu luong khi) theo muc 2.3. Cac thong s6 khao sat gdm: thé tich khi oxy
duoc giai phong, khoang thoi gian kich hoat BKD, thoi gian lam viéc cua BKD.
Ngoai ra, mui khi cung véi hoi nude thoat ra trong qua trinh nha 6xy dugc danh gia
tryc tiép. Hinh dang, mau sic BKD sau phan tmg dugc quan sat, danh gia bang mit
thuong. Két qua thir nghiém duoc cho trong bang 3.

Bang 3. Két qua thir nghiém BKD theo don nghién ctru N1-N§

Pon | t, t, | Vo2, | Tinh trang BKD sau . .
Ne | gidy | giay | lit phan ung Mui Ghi chu
NI | 2 | 21 | 11.8 | Giit duoc hinh dang | S gidc cO mui

nong, ludéng khi am
N2 | 2 | 20 | 11,8 | Giit duoc hinh dang | $3M gidccomui |
nong, ludng khi am | Sur dung
N3 | 2 | 20 | 11,7 | Giit dwoc hinh dang | 9™ 8idc co mui ) KHSO,
nong, luong khi am
N4 | 2 | 20 | 11.6 | Giit duoc hinh dang | S 8idc cO mui
nong, luong khi am
N5 | 4 | 36 | 11,4 | Giit duoc hinh dang | MY norll{i,éhac, khi
N6 | 4 | 35 | 113 | Giit duoc hinh dang | MY norll{i,éhac, khi St dung
N7 | 4 | 35 | 11,2 | Giit duoc hinh dang | MY norll{i,éhac, khi | Al(OH);
N8 | 4 | 35 | 11.0 | Giit duoc hinh dang | MW no‘f{*‘f’l’éhac’ khi

;2 Khoang thoi gian tinh tu lic dung dich méi bat dau roi vao BKP dén lic
bat dau sinh khi 6xy 0 BKD;

to: Khodng thoi gian tinh tir lic dung dich méi bat dau roi vao BKP dén khi
BKPD phan vng hoan toan;

Voo : Thé tich khi oxy duwoc sinh ra tir BKD.
* M, hoi nwde khi ngiki truee tiép khi thodt ra trong qud trinh nha oxy.
Céc phan tmg c6 thé xay ra tai banh khoi dong theo [7]
2K0,(NaO,) + 4H" (H;PO4, H,SO4, H,0)— 2K"+ 2H,0+ 0, +Q (1)

4KO, +2H,0 — 4KOH + 30, + Q (2)
4NaO, +2H,0 — 4NaOH + 30, + Q (3)
4A1+30, = 2AL0; + Q (4)

ALO; + 2KOH(NaOH) + 3H,0 — 2K(Na)[Al(OH),] (5)
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Dbi véi cac don str dung KHSO, (N1 dén N4) xdy ra cac phan Gng:

(0]
2kHs0, 22°C K,80,+H,S0, (6)

KOH(NaOH) + H,SO4 — K,SO4 + H,O (7)
Dbi véi cac don st dung AI(OH); (N5 dén N8) xay ra cac phan tng:

(0]
2AI0H); Z227°S ALO;+3H,0 (8)

Trong qua trinh phan tng BKD tao ra mui ndng 1a rat khé tranh khoi vi méi
trudng cé 1an hoi nudc ¢ nhiét @6 cao va toan bo khi sinh ra di ra ngoai chua ghép
ndi phan tmg vé6i ting hat ctia hop nén khi thir riéng banh khai dong s& c6 mui nhu
trén.

Do ampul chira mét lvong nhod dung dich méi BKD (1 ml dung dich) nén thuc
té phan tng (1) xay ra rat nhanh tai mot diém dé khoi mao cho cac phan tng tiép
theo tir (2) dén (8). C6 thé ndi, 6xy chu yéu duogc sinh ra tir phan tmg (2) va (3).
Phan tmg phan hiy nhom hydréxyt can nhiéu nhiét hon so véi phan huy KHSO,
(575°C so vai 240°C), va do @6 thoi gian khoi dong sé 1au hon, mat khac nhiét do
cao s& d& dang 1am khuéch tan KOH va NaOH cung v6i hoi nuée (tao cam nhan mui
hic). Tir két qua bang 3 cho thay khi sir dung AI(OH); lam ngudn tao hoi nude trong
BKD, khi tao ra c6 mui néng, héc, khi kho hon so véi cac don st dung KHSO,.
Thoi gian kich hoat BKD cling nhu thoi gian 1am viéc cia BKP ciing kéo dai hon
nhiéu so véi cac don sir dung KHSO, (1an luot 13 4 gidy so véi 2 gidy va 35 gidy so
v6i 20 gidy), trong khi thé tich khi tao ra c6 phan it hon trén cting don vi khdi lugng
BKD. Do vy trong truong hop nay st dung AI(OH); 1a chat lam ngudn tao hoi
nuéc khong thich hop. Chung t6i Iya chon KHSO4 1am ngudn chit tao hoi nuéc
trong BKD v6i ham lugng 40% cho cac nghién ctru tiép theo.

3.3. Nghién ciru anh hwéng ciia ty 1¢ thanh phén giira kali superoxide va
natri superoxide

Sau khi lva chon duoc nguén chét tao hoi nudc trong BKP 1a KHSO4 ham
lwong 40%, chung t6i tién hanh khao sat ty 1¢ 2 thanh phan kali superoxide KO, va
natri superoxide NaO, trong vai trd 1a cac chét sinh khi 6xy ban dau. BKD dugc ché
tao theo quy trinh cong ngh¢ muc 2.2 véi ty 1€ bot Al 3% va CaSiO3 3%. Thanh
phan don tdi vu nhit duoc xac dinh bang thuc nghiém, théng qua thir nghiém chat
lugng, khao sat cac thong s6 1am viéc cua banh khéi dong nhu do cung, do bén co
hoc, thé tich khi 6xy dugc giai phong, khoang thoi gian kich hoat BKD, thoi gian
lam viéc cua BKD. Két qua thtr nghiém duoc cho trong bang 4.
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Bang 4. Ty 1¢ thanh phan KO, va NaO, trong don ché tao BKD

bo cimg | D9 giam Tinh trang
KOz, |NaO, | | : t1, t, | Voa :
T 5,7 Ny | BKD, | Klugng, | 2 | | ROV | BKD sau
7o % N A giay | giay | lit phan img
N9 | 42 12 1,0 0,5 ) 20 | 11,6 Gilr dugc hinh
dang
N10| 40 14 1,0 0,5 2 20 | 11,8 (‘ilu’ duoc
hinh dang
N11| 38 16 0,8 1,0 3 25 | 11,9 Gilr dugce hinh
dang
N12| 36 18 0,6 1,7 3 32 | 11,9 | BKDbivd

Tir két qua bang 4 cho thay khi ting ham lugng ctia NaO, tir 12 1én 18% dong
thoi giam ham lwong KO, tir 42% xudng 36% (twong ung véi cac don tir N9 dén
N12), d6 cing cia banh khoi dong giam dong thoi do giam khdi lwong cia BKD
trong thir nghiém d6 bén co hoc ting. Piéu ndy c6 nghia d6 bén co hoc cia BKD
kém di dic biét di voi don 12 khi thanh phan NaO, chiém dén 18% (D6 giam khoi
lwong dén 1,7% va BKD bi v& sau khi phan ung). Khi ting ham luong ciia NaO,
trong BKD thi thoi gian kich hoat BKD va thoi gian 1am viée ciing tang 1én (& don
N10 thoi gian kich hoat va thoi gian 1am viée cua BKD lan luot 14 2 va 20 gidy, d6i
v6i don N12 twong tmg 13 3 va 32 gidy). Thé tich 6xy thoat ra ciing ting 1én tir 11,6
lit v6i don N9 1én 11,8 lit véi don N10 va 11,9 lit véi don N11, N12. Diéu nay dugc
giai thich nhu sau: do NaO; c6 dung lugng tai sinh 16n hon (0,43 kg O, so véi 0,34
kg O, trén 1 kg chit) toa nhiéu nhiét hon khi giai phong 1 lit O, (2,46 kcal so voi
2,27 keal). Tuy nhién hé tai sinh st dung NaO, c6 nhiéu phan Gng canh tranh trong
phan tng véi hoi nude, cac san phim ran tao thanh trén bé mat ngoai cac hat NaO,
can trd phan tnmg cia cac 16p bén trong. H¢ st dung NaO, tao 16p phu NaOH nhanh
hon hé str dung KO, vi NaOH c¢6 nhiét d6 nong chay thip hon KOH (318°C so voi
360°C) [8, 9]. Ngoai ra ty trong ctiia NaO, (2,2 g/cm’) cao hon nhiéu so véi KO, (0,6
g/em’). Pidu nay giai thich tai sao khi ting ham luong NaO, thi d6 ctng va do bén
ctia BKD giam di. Nhu vay ty 1¢ thanh phan cua kali superoxide va natri superoxide
trong don ché tao BKD 13 40% va 14% la phu hop.

3.4. Két qua thir nghiém trén ngudi tinh nguyén

Bénh khoi dong duoc ché tao theo don N10, duong kinh 95 mm, chidu day 12
mm, khéi luong 100 g. Sau d6 sir dung trong ché tao hop tai sinh RP-6 theo quy trinh
cong nghé ché tao hop tai sinh RP-6. Khdi luong chét ting hat tai sinh OKCh-3 1a
650 g. Tién hanh thir nghiém trén nguoi tinh nguyén theo muc 2.5. Két qua thu
nghiém dugc cho trong bang 5.
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Bang 5. Két qua thir nghiém trén nguoi tinh nguyén hop tai sinh RP-6

Huyetap, |y vacap, |ThOTSIAN] oo qppe | TrOlue
cannang | . °. lam viéce <o LA hop tai
TT . can nang sau| ~ | matcuahop| . Az psa
truwdc deo cia Hop | ,.: . . | sinh sau | Mo ta hién
deo P tai sinh (khi . A
(mmHg; (mmHg:ke) tai sinh hoat dng) * khi deo | trang khac
kg) S5 | pnayy | "8 |(mmH,0)
a. Trang thai nghi ngoi
115/76 113/74 Mui banh
01 68 68 183 108 8 khoi dong
117/78 121/77 binh thuong,
21 e 62 185 H2 7 |iuéng khi hit
113/71 116/75 vao am, cam
03 57 57 189 105 8 | gide d3 chiu
RP-6
- - > 150 <120 <12 -
(Nga)
b. Hoat dong binh thwong (di bg)
121/74 120/75 Mui banh
04 70 70 38 06 8 | knoi dong
116/73 118/80 binh thuong,
] e 64 6 i ? | iuéng khi hit
114/73 117/77 vao am, cam
06 67 67 65 o8 7| gigc da chiu
RP-6
- - >40 <120 <12 -
(Nga)

* Nhiét @6 1om nhdt do dwoc trén bé mdt cia hop tdi sinh (khi hoat déng)

Tinh trang stuc khoe cua nhitng nguoi thu nghiém trude va sau khi su dung
hop tai sinh 6xy RP-6 déu binh thuong. Cac chi tiéu nghién ctru nhu thoi gian 1am
viéc cua hop tai sinh, nhiét do bé mit cua hop téi sinh va trd luc hop tai sinh twong
duong v6i miu ddi chimg [1].

4. KET LUAN

- ba xay dung dugc thanh phan don phéi liéu ché tao banh khoi dong sur dung
trong ché tao hop tai sinh 6xy RP-6 gdm céac thanh phan: KO,: 40%; NaO,: 14%;
KHSOy4: 40,0%; Al: 3,0%; CaSi03 3%.

- Pi ché tao banh kh(”)ri’ dong va kiém tra, thir nghiém cac thong s6 lam viéc.
Két qua thir nghiém cho thay luong thé tich khi oxy tirc thoi dugc sinh ra dat
11,8+0,2 lit, tong thoi gian cum khoi dong hoat dong 1a 20+1 gidy.

- ba thr nghiém kha nang lam viéc cua BKD trong hdp tai sinh 6xy RP-6 trén
nguoi tinh nguyén. Két qua cho thdy céac chi tiéu nghién ctru nhu thoi gian 1am viéc
cua hop tai sinh, nhi¢t o bé mit cua hop tai sinh va tré luc hop tai sinh tuong duong
v6i mau doi chimg,
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SUMMARY
STUDY ON COMPOSITIONS FOR MANUFACTURING STARTER
BRIQUETTE USED IN SELF-CONTAINED BREATHING APPARATUS IP-6

This article relates to compositions of chemical substances which are used in
self-contained breathing apparatus working on chemically combined oxygen,
specifically to composition of triggering briquettes which generate oxygen. The
composition contains wt %: potassium superoxide 40.0; sodium superoxide 14.0;
potassium bisulfate 40.0; aluminum powder 3.0; wollastonite 3.0. The starter gear is
built with a total working time of 20+1 seconds, the instantaneous oxygen volume
generated reaches 11.8+0.2 liters.
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Nghién ctru khoa hoc céng nghé

The results of testing the work of starter gear in RP-6 oxygen regeneration box
on voluntary human through indicators such as working time of regeneration
mailbox, regeneration box surface temperature and regenerative resistance the birth
box corresponds to the sample certificate.

Keywords: Briquette, oxygen, sodium superoxide, potassium superoxide,
potassium bisulfate, RP-6, IP-6.

Nhan bai ngay 22 thang 3 nam 2021
Phan bién xong ngay 12 thang 4 nam 2021

Hoan thién ngay 14 thang 4 nam 2021

@ Vién Pé bén Nhiét déi, Ty rung tam Nhiét doi Viét - Nga

Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 22, 05-2021 87



