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TOM TAT

Dién hoa hoc la linh vuc khoa hoc cong nghé giao thoa gitra hoa hoc va dién nén co nhiéu
vng dung trong khoa hoc va doi song. Phan img oxy hoa — khir trén dién cuc trong méi truong
dién ly la ddc thi ciia dién héa. Ly thuyét vé dung dich dién ly lam ré quy ludt dan dién dang ion,
con nhiét dong hoc lam ro cdu tric [6p dién tich kép trén gioi han pha giita dién cuc ran va dung
dich dién ly pha long ciing nhi vai tro nhiét déng ciia cdc logi thé, ddc biét thé dién cuc trong
khi dong hoc phan ung dwoc xac dinh bdng mdt do dong dién duoc kiém soat qua quy ludt voi
qud thé va phan cuc. Cac quy ludt ciia phan teng dién héa dwoc vmg dung dé phat trién ky thudt
phan tich dinh tinh, dinh luvong vat liéu ciing nhw ddac tinh cua phan ung dién hoa. Phan ung dién
héa ciing da la tién dé hinh thanh linh vuwc linh kién dién héa trén co sé quy ludt cia ion va
pham vi diéu khién cdc qud trinh bang senso dién héa. Loi thé sir dung dién nang dé chuyén
thanh hoa nang da dwoc khai thac trong cac cong nghé ché tao vit lidu tat ca kim loai mau, cdc
héa chdt vé co, hitu co va duoc liéu. Cac phirong phdp gia cong vit liéu kim logi ciing nhir bdo
vé, bo sung cdc chire nang cho bé mdt kim logi cung nhu chong an mon kim logi bang céng nghé
dién hoa ciing tao nén hiéu qua ddc biét. Nguon dién dién héa dé san xuat va chira nang luong
dién ciing c6 tam quan trong va gid tri I6m lam co so cho sw phat trién hién dai va théng minh
hoa moi linh viee ciia xd héi. Pién héa hoc ciing gép phan tlep cdn nhanh va hiéu qud cdc linh
viee thoi sw nhw kiém sodt va xir Iy hiéu qua moi truong, chan dodn va diéu tri trong y sinh ciing
nhw ché tao va khai thac vat liéu nano va cong nghé.

Tir khoa: Dién hoa ly thuyét; Dién hoa tiing dung; Pién phan; Chéng an mon kim loai; Nguén dién.
3. PIEN HOA UNG DUNG VA CONG NGHE PIEN HOA
(Tiép theo P.1- Xudt ban trong S6 75, 10-2021)

3.3. Cong nghé ché tao vit liéu

Ché tao cac vat li§u kim loai va hoa chit béng cong nghé djén héa c6 thé bao trim ca cac vat
liég kim loai mau dién hinh nhu: [27-30] Zn, Ag, Au, Pb,... dén K, Na, Al, Ti ciing nhu cac hoa
chat vo co co ban nhu: [31] NaQH, HCI, cac chat 6xi hoa: H,O,, H,S,0g, KMnQy,, CrOs,... hoac
cac hop chat hitu co va dugc pham.
3.3.1. Viat liéu kim loai va nano

Hau hét cac kim loai déu ton tai trong thién nhién dudi dang cic hop chit bén viing nhiét
dong nhung khong tan trong nudc nhu sulphua MeS, oxit MeO, cacbonat MeCO; hodc silicat
MeSiOs. Bé thuc hién qua trinh luyén kim dién hoa quang s€ dugc xur Iy thanh cac hgp chat dé
tan trong moi truong dién ly tao thanh cac ion kim loai va phan Gng dién hoa khir ion kim loai
thanh kim loai trén dién cuc catot: Me”f + ne — Me. Thong thuong quang cac kim loai ton tai
duéi dang hon hop hodc cong hop nhur dong - bac - vang hoic chi - thiéc hay nhom - gali,...
3.3.1.1. Dién phan trong moi trudng nudc

Céc kim loai: Cu, Ni, Zn déu duoc san Xut tir qua trinh dién phan dung dich mudi sunphat
tuwong ung CuSO,, NiSO, va ZnSO, c6 nong do thich hgp. Ngoai ra, trong dung dich dién phan
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thuong c6 thém cac thanh phﬁn duy tri ¢ dan, pH ciing nhu chét hoat dong bé mat. Cac anot
thuong sir dung cac vat li€u tro lam dién cuc nhu PbO,, Ti hoéc chinh cac kim loai c6 dg tinh khiét
thip con catot thuong 1a cac dién cuc kim loai dé tach 16p phi nhu Al. Qua trinh luyén Cu thuong
duoc thuc hién tir cAC quang cacbonat: azurite (2CuCO3Cu(OH),; malachit (CuCO3;Cu(OH),);
quéng sulfua: chalcopyrit CuFeS, bornit (CusFeS,), covellt (CuS), chalcocit (Cu,S) va quang Oxit
nhu cuprit (Cu0). Cac quéang cacbonat dé tan trong axit con cac quang sunphua kho tan (Mo dong
Sinh Quyén, Lao Cai) s& chuyén thanh cac oxit dé tan trong H,SO, dé tao thanh dung dich CuSO,.
Quing niken laterit voi thanh phan chinh 14 limonit (Fe,Ni)O(OH) ciing d& tic dung vdi axit
con garnierit (niken silicat ngdm nude (Ni,Mg)sSi,0s(0H)) va pentlandit (Ni,Fe)sSg chira sunphua
kho tan phai chuyén qua oxit d& tan trong H,S0, dé tao thanh dung dich NiSO,. Cling tuong ty
quing kém sunphua ciing dugc oxy hoa dé chuyén thanh kém oxit d& tao thanh mudi sunphat
ZnS0O,. Tuong tu cac kim loai: Cd, Pb, Sn, Sb, Cr, Ga, 1d, TI, Au, Ag, Pt,... cling dugc san xuét
bang cong nghé dién hoa véi cac dung dich dién ly twong tmg.
3.3.1.2. Dién phén trong méi truong mubi néng chay

Céc kim loai c6 thé dién cuc tiéu chudn rat am thuong khong ché tao dugc tur cac chat khir
thong thuong cling nhu dién phén trong moéi truong nudce do ching rat hoat dong, d& tac dung
v6i oxy hodc nudc nén duoc san xuat tir qué trinh dién phan trong moi truong cac mudi
halogenua noéng chay nhu cac kim loai: Al, Mg, Ca, Li, K, Na, Ti,...

Nhom la nguyén t6 hoa hoc nhiéu tht 3 sau oxy, silic va kim loai nhiéu nhat, chiém khoang
8% khdi 16p ran ctia vo trai dat. Tuy vay, cho dén trude nam 1880 nhém kim loai cing moi chi
duoc didu ché véi lugng rat nho tir dit sét nén c6 gia tri cao hon vang, ngoc va bac rt nhiéu lan.
Vi véy, db trang strc cho quy ba Pari va ngay ca vuong mién cho Hoang dé Napoleon IIT (1808-
1873), vua Ban Mach ciing nhu dyng cu an uéng cho qudc yén cua triéu dai nay déu bang nhém.
Thoi & 4y nguoi so hiru vat dung bang nhom la dé thé hién sy giau sang. Quing co gia tri dé san
xudt nhom 13 bauxite chtra dén 65 ;4%Al,03. Viét Nam co trit luong bauxite 5.400 ty tan dimg
thir 3 thé gidi sau Guinea 8.600 ty tin va Australia 7.900 ty tin. Mai dén 1886 hai nha hoa hoc
Hall (My) va Heroulf (Phap) cung phat minh phuong phap dién hoa dién phan mubi nong chay
kryolith (NasAlFe) dé thu dwoc nhém kim loai. Nho tmg dung va cai tién cong nghé dién hoa
dién phdn muodi nong chay ma nhom kim loai ngay cang dugc san xuat nhiéu va gia nhom khong
con dit nita. Nam 1900, thé gi6i san xuit 6.800 tin nhom, dén thoi Hitler nudc Pirc san xuét
nhiéu nhém nhét, song khi thiy dién & My phat trién thi 1942 My 1a nu6c san xuat nhom nhiéu
nhat va da dé ché tao dén 60.000 may bay chién dau trong 4 nim. Pén 1950, thé gidi san xuét
duge 1,5 triéu tan nhom nhung nam 1973 da la 12,7 triéu tan trong do My 0,11 triéu tn, buc
0,53 triéu tan va Tay Au 2,55 triéu tan. Nam 2015 san lugng nhém ciia thé gisi 1a 57,5 triéu tan
nhiéu hon téng san luong cua tat ca cac kim loai mau khac, trong d6, cac nude san xuét nhiéu
nhoém nhat 1a: Trung Qubc, Canada va My.

Qué dién phan nhom tir dung dich kryolith (3NaFAIF3) hoa tan 12+15% Al,Os xdy ra ¢ 950 °C
trén dién cuc catot theo Schmidt: 3Na* + AlL,O; + 3e — Al + NazAlO; con theo 1lb: 2AIF, + 6e
— 2Al + 8F. Trén dién cuc anot theo Schmidt: 2[AlO, ] - 2e — Al,0O3 + 0,50, hodc 2[A103]3' -
6e — Al,O3 + 1,50,. Oxy vira hinh thanh s& phan tng chay véi dién cuc than: C + O, — 2CO
(hodc CO,). Theo Ilb: AlO, +4F +C— AlF, + CO, + 4e hoac AIOF, + 4F +C — AlFs + CO +
2e. Vay qué trinh tong: Al,O; + 3C — 2Al + 3CO. Dé thyc hién cic phan ng dién cuc ndy can
cac quy trinh cong nghé va thiét bji san xuat nhom hd tro va bd sung. Trudc hét quing bauxite
can phai loai hét cac tap chit béng cong ngh¢ hoa tan trong NaOH nong, dat ¢ 160 + 180 °C s&
thu duoc dung dich AI[OH]4 roi say tai 1100 °C thanh Al,O3 98,35% va bun do chira cac tap
chat cua Fe, Si, Ti,.. . Bé giam nhiét d6 nong chay ciing nhu tang do dan dién dung dich dién ly
mudi néng chay can thém cac mudi NaF, LiF, AlF; hodc CaF,. Soderberg di cai tién thiét bi va
cong nghé dé co thé cach dién tot hon, giam qua thé, giam mat 46 dong, kiém soat tuy dong bd
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sung Al,O;, ting kha ning tao CO, dé hiéu suit dong va giam hiéu ing anot. Ngay nay, san xuét
1 kg Al chi can 14 kWh va san xudt 1 tin Al can 1,89 tin Al,Os, 0,5 tan than, 40+60 kg NasAlFe,
con thoi da giam tir 175 h xudng con 3 h. Trong phéan b gia thanh: dién ning chiém dén 24,5%,
Al O3 29,8%, NazAlIF6: 2,4%, anot: 9,5%. Viét Nam tuy c6 ngudn bauxite nhiéu thir 3 thé giéi
nhung cac diéu kién ha téng khac nhu dién nang, hoa chit va an toan moi trudng cling nhu trinh
d6 cong nghiép cua xa hoi chua du nén cong nghiép luyén nhém dén nay mai chi bat dau, hy
vong s& phat trién nhanh trong nhiing thap ky dén.

Tuong ty nhém cac kim loai kiém nhu Li, K, Na hodc kiém thd nhu Ca, Mg hoac Ti, Zr, Be,
Ce,... cling duoc diéu ché bang dién phan trong hdn hop mudi halogen ndng chay twong tng.
3.3.1.3. Tinh ché kim loai va ché tao vat liéu bot, nano kim loai

Qua trinh khir ion cac kim loai trén catot dé diéu ché cac kim loai tir quang cling s€ dugc s
dung @ tinh ché cac kim loai khi sir dung qué trinh oxy héa hoa tan dién cuc anot kim loai d6 &
trang thai khong tinh khiét nhu (MeaMe) vao dung dich dién ly:

Me™ + ne —> Meva(Meay) Me—ne — Me™ + Mea.

Céc kim loai: Au, Ag, Cu, Ni, Co, Pb, Sn, Sb, Be, Al, Pu, Ta, V, Zr, W, Mo, U déu duoc lam
sach tir dung dich dién ly nudc hodc mubi nong chay. Phuong phdp tinh ché dién héa cac kim loai
dugc phat trién & quy md cong nghiép tir 1918 do thiét bi va quy trinh cong nghé don gian, hiéu
suat cao, chi phi san xuat va van hanh thap. Hon nifa, tir bun anot chira cac tap cht ciing c6 thé thu
duogc cac kim loai quy hon nhu Ag, Au,... tir qua trinh tinh ché Cu, Pb, Sn.

Bing diéu khién cac thong s6 cong nghé thich hop nhu ndng do, nhiét do, mat do dong cho
tung kim loai twong ng, qua trinh khir catot tir ion s€ tao thanh kim loai ¢ dang bdt. Kich thudc
hat kim loai s& cang nho, min khi mat dé dong cang 16n nhung thip hon dong giéi han, nhiét do
th:?ip, néng dd cua ion cang nho va thoi gian ngén. Cac bot kim loai Cu, Fe, Zn thuong dugc diéu
ché bang cong nghé dién hoa.

Vit lidu nano kim loai (MeNPs) do c6 nhiing tinh chat rat dat biét hoa, 1y, sinh tir hiéu Gng kich
thuéc nano nén cong nghé diéu ché dién hoa ciing dugc quan tdm nghién ciru. Cong nghé dién hoa
c6 thé thuc hién dugce 2 qua trinh tao kich thudc nano: tir trén xuéng “Top down” hodc tir dudi lén
“Bottom up” bang phan (g hoa tan anot va lang dong catot. Viéc két hop 2 qua trinh hoa tan anot
dé chuyén kim loai c6 kich thtrc 16n thanh ion va két tia ion kim loai vao cac khudn c6 kich thude
16 nano nhu mang nhom oxit, sau d6, hoa tan mang nhém oxit dé thu dugc vat liéu nano la mot giai
phap dugc st dung dé ché tao vat liéu nano kim loai dang thanh, que, ong, soi. Bang phuong phap
nay co thé ché tao vat liéu CuNPs, NiNPs, FeNPs tir cac dung dich mudi sunphat twong tmg hodc
AgNPs tir dung dich AgNOj3 cling nhu AuNPS tr AuCly” [32]. C6 thé thyc hién qua trinh két taa
catot & mat do dong nho giéng nhu qua trinh ché tao bot kim loai va két hop dong théi voi khuay
tbc do cao hodc song siéu am dé két tia khong bam vao catot. Ciing c6 thé két hop véi chét khur
hiru co tan trong dung dich nhu (CsHsNR),™ dé khir ion kim loai vira hoa tan anot thanh nano kim
loai. Tuy thiét bi va cong nghé don gian, song viéc tach, loc san ph.'flm thu dugc khoi dung dich véi
nhiéu tap chét hoa tan la khong don gian. Sir dung dung dich nano kim loai v6i nhiéu tap chét s&
khong an toan va anh hudng dén hiéu qua cua vat liéu nano. Str dung cong nghé dién hoa dong 1
chiéu cao 4p co thé thyc hién trong nude cit 2 1an véi do dan 0,01 mS/m tai dién ap kV van xay ra
phan mg hoa tan kim loai ¢ anot va phan ly nudc dé giai phong H,, dic biét rat manh khi xuat hién
plasma dién hoa. Trong long dung dich khi H, vira sinh s& khtr ion kim loai dé tao thanh nano:
Me"™ + n/2H, — MeNPs. San pham MeNPs thu duoc tir cong nghé dién hoa cao ap dong mot chiéu
chi sir dung dién cuc kim loai va nudc cit 2 1an nén rat tinh khiét vi khong co 1an bit ky ion nao
nhu cac phuong phap di néu nén c6 gid tri st dung rét tt nhu dung dich AgNPs, AuNPs, CuNPs
da biét trong linh vuc xt mdi truong va y sinh.

3.3.2. Héa chat va duoc liéu
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Cong nghé dién hoa thyc hién qua trinh oxyhoda va khur trén cac dién cuc nén cling dugc st
dung dé diéu ché cac hoa chit vo co 1an hitu c¢6 va dugce pham.
3.3.2.1. Piéu ché cac hop chét vo co

Khi H, va O, dugc diéu ché bang phén ng dién phén nudc c6 ¥ nghia rdt quan trong vi
nguyén liéu nuéc 12 vo tan va nhu cau vé khi O, va H, rat 16n va da dang. Do nuéc phan ly
thanh: 2H,0 < 2H" + 20H" va thuc hién cac phan mg khtr trén catot tao thanh Hy: 4H" + 4e —
H. va phan g oxyhoa trén dién cyc anot: 40H" — O, + 2H0. Thiét bi dé thuc hién qué trinh
dién phan tuong d01 don gian véi dién cuc 1a Fe ma Ni trong dung dich dién ly KOH c6 mang
ngan dé tranh sy tiép cta oxy voi hydro véi thé dién cuc chi 16n hon thé phan hay nuée 2,3 V.
Tiéu hao ning luong 1y thuyét ciia qué trinh dién phan nudc: 2,95 kWh/Nm?® H,, con thuc té 1a
4,2 + 5,7 KWh/Nm® H,. San phdm H, va O, dién phan rét sach lai c¢6 diéu kién van hanh don gian
nhu st dung ngudn dién doc 1ap mang, dién tich va thé tich thiét bi nhd nén c6 pham vi tng dung
rat rong va dic biét ngay ca cung cip du O, cho cic nha du hanh trén tram vii try. Khi H, s& 1a
nhién lidu rit quan trong trong twong lai khi pin nhién liéu ngay cang c6 y nghia thuc té dic biét
1a kinh té nang luong hydro.

Tuong tu khi Hy, Cl; va NaOH cling dugc diéu ché tir cong ngh¢ dién phan dung dich mubi
NaCl véi thé dién cuc trén 2,71 V. Do qué thé phong dién cua C1” tuy vé 1y thuyét 16n hon nhung
trong thuc thé lai nho hon qua thé phong dién oxy nén tai mat d6 dong 1.000 + 10.000 A/m? khi
clo s& thoat ra khi dién phan: 2CI" — Cl, + 2e khi bi oxyhoa trén anot va trén catot van s& 1a: 4H"
+ 4e — H,. Vay phan tng tong clia qua trinh dién phan dung dich NaCL s¢& la: 2NaCl + 2H,0 —
Cl, + H, + 2NaOH. Khi Cl, tac dung vdi H, tao thanh: H, + Cl, — 2HCI nén cong nghé dién
phan mudi an s& dong thoi san xuat xut NaOH, clo va axit clohydric HCI 14 nhimg hoa chét co
ban c6 nhiéu sir dung trong cong nghiép va doi song. Nguyén liéu dé dién phan san xut xut, clo
12 dung dich NaCl c6 nong do tr 150 g/L dén 310 g/L tay thudc vao thlet bi va cong nghé.
Nguyén liéu mudi rat phong phu do dugc ché tao tir nudc bién, song mubi mo thuong duoc st
dung vi c6 d6 sach tdt hon nén kinh té hon. Céc tap chit Ca, Mg, Fe, Al c6 trong mudi phai dugc
tach dé khong anh hudng dén hiéu suét cua cong nghé dién phan x(t clo. Pién cyc catot ctia qua
trinh dién phan thuong sir dung thép ma niken dé giam quéa thé hidro con anot 1a Hg, graphit
hodc hop kim Ti-RuO; tiy thudc vao cong nghé. Do Hg doc, graphit hiéu qua kinh t& kém nén
ngay nay déu dung dién cuc anot DSA 1a ti tan phit RuO».

Hinh 2. Thiét bi cong nghé dién phdn sdan xudt xiic, clo (a) va san xudt clorat (b).
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Béng 3 so sanh cac thong sb cong nghé co ban cia cong nghé dién phan ché tao xut, clo véi
cac anot 1a Hg, graphit va DSA. Véi thiét bi dién phan cia nha may Bién Hoa bang anot DSA
nho gon ¢& vai chuc m® di ¢ cong sudt bang nha may xuc clo Viét Tri rong hang ha bang cong
nghé anot graphit.

Bing 3. Cdc thong sé cong nghé ciia thiét bi diéu ché xiic, clo khdc nhau,

Vit liéu anot Hg Graphit DSA

Vat liéu catot Graphit hoac Ti Thép ma Ni Thép ma Ni
Thé, V 4,0 3,5+4,15 32+42

Mat d6 dong, A/m* 10.000 + 13.000 2.000 + 2.800 2.000 + 4.000
Nang lugng, kWh/t Cl, 3.100 =+ 3.400 2.750 + 3.250 2.300 + 3.000
NaCl, g/L 270 + 280 150 + 160 300 (v&0)/200 (ra)
Mang ngan Co6 / khdng mang Diaphragm (amiang) Membran (polyme)

Vi thiét bi ding DSA moéi truong san xut vira trong sach ma san pham NaOH lai ¢6 nong
d6 dam dic hon khong phai bd sung cong doan ¢ dic (hinh 2a).[3, 34] Cac hop chit oxyhoa cia
clo nhu HCIO, HCIO3, HCIO, cling dugce diéu ché bing cong ngh¢ dién hoa khong mang ngén
v6i anot 1a PbO,. Dé ché tao cac hgp chat oxyhda néu trén thiét bi c6 2 phan: phan tao Cl, tir
dién phan trén anot c6 thé tich hep va phan phan tng hoa hoc co thé tich 16n: Cl, + 2H,0—
2HOCI + 2H" hoic Cl, + 2NaOH — 2NaOCl + H,0 (hinh 2b). Khi dién phan tiép tuc tai mat do
dong cao va nhiét do cao s& thu dugc clorat: OCl” + 2H,0 — ClO3 + 4H* véi diéu kién phan
ung: dién ap 3,0 + 3,4 V, mat d6 dong 2.000 + 4.000 A/mz, nang lugng tiéu hao 4.800 +
5.700 kWh/t NaClOs.

Céc hop chit vo co oxy hoa nhu H,0,, H,S;05, KMNO4, MNO,, CrO; NaBO, ciing duoc diéu ché
tir qué trinh dién phan trén cac anot bén nhu Pt tai mat do dong cao, nhiét d¢ dung dich dién ly thép.
3.3.2.2. Diéu ché cac hop chat hitu co va duge pham [35-37]

Tuy cac hop chat hitu co va duoc liéu dugce diéu ché bang con dudng dién hoa it hon vé quy
mo so v&i cac hop chit vo co, song rat phong phit vé chung loai. So véi xtc tac, nhiét, viéc st
dung qua trinh oxyhoa - khir dién hoa dé ché tao cac chat hiru co va duoc liéu méi c6 kha ning
16n hon. Uu diém cta diéu ché dién hoa cac hop chat hitu co va duoc liéu 1a: d6 chon loc cao, sir
dung nguyén li¢u re, khong hodc it san pham phuy. Song han ché cta cong nghé dién hoa la: do
dan cua moi trudng phan tng kém nén phai sir dung mudi dan dit, phai chi y dén d6 bén hoa,
nhiét va bén dién hoa, gia ning lwong dién cao hon nhiét nang, k¥ thuat phan tng phirc tap va
cac phan tng polymer hoa bao dién cuc. Dung dich dién ly ngoai nuéc c6 thé st dung cac dung
mdi hitu co nhu ruou, axit véi cac mudi dan 1a halogen ctia kim loai kiém nhu Li*, NH,". Mang
ngan giita anot va catot thuong duoc st dung dé giam khoang cach dién cuc va ting kha ning
dan dién. Pién cuc catot phai c6 qua thé hydro cao nhu: Pb, Hg, Zn, Cd, Sn, graphit, Cu, Ni, Fe
con anot 14 cac kim loai tro nhu Pt, Ti, graphit. Cé 2 kha ning diéu ché dién héa cac hop chat
hiru co va duoc liéu 1a: tryc tiép nhan va cho dién tir giita chat phan tmg véi dién cuc hodc gian
tiép oxyhoéa va khir qua chat trung gian dugc tao thanh tir cac phan tng dién cuc.

Qué trinh oxy hoa tryc tiép da dugc tmg dung cho cac hop chat hydrocacbon no, khong no,
vong thom cling nhu nhéom ruou, este, xeton, aldehyt. Vi du cu thé 1a: CgH40, tir CgHs, axit hodc
este tir rugu, duge pham sorbitol hay canxigluconat.

Qua trinh khir truc tiép da duoc tng dung cho cac hop chat c6 cac nhoém chirc nhu halogenua,
nitro, andehit, xeton, axit. Vi du ¢6 y nghia kinh té& nhu CgH, tir CeHe, cumarin tir axit salicylic.

Qua trinh diéu ché cac hop chit hiru co va duoc liéu gian tiép thuong duoc dung cac cip
oxyhoa — khir dién héa nhu: Cr**/Cr¥*, Cr®*/Cr®*, Fe?*/Fe**, Co*'/Co?*...

3.4. Cong nghé gia cong vat liéu

Tap chi Nghién cieu KH&CN quén sw, Sé 78, 4 - 2022 7



Nhitng vin dé chung

Vit li€u cac kim loai dugc gia cong béng co, nhiét nhung cling co6 thé thuc hién duoc bﬁng
cong nghé dién hoa bang cac qua trinh anot va catot.
3.4.1. Gia céng kim logi bang qud trinh anot

Bé& mit cac kim loai: thép khong gi, [38] hop kim thép véi Cr, Ni; Cu va hop kim; Ni va hop
kim; Al va hop kim; Ti va hop kim dugc danh bong co hoc va dién hoa trong dung dich véi ving
dién thé anot thich hop dé hoa tan dong déu bé mat. Panh bong dién hoa co wu diém 1a: ¢ bong
cao song bé mit van 13 vat liéu dong nhat do van giit nguyén ciu trac tinh thé nén do tinh khiét
bé mat rat cao; rat thich hop voi cac kim loai mém nhu Al cling nhu kim loai cung nhu Ni, Cr;
c6 thé cho bé mit rat 1on nhur canh may bay hodc bé mit khuat nhu bén trong duong dng. Cac
dung dich su dung trong cong nghé danh bong dién hoa thuong axit c¢6 tinh 6xyhda cao nhu:
H3PO,: 500 + 600 mL/L, HCIO,: 70 + 140 mL/g, CH;COOH: 130 + 860 mL/g, CrO3: 75 + 200
g/L. Cac thong sb cong nghé khac nhu: dién thé anot: 10 +40 V, mat d6 dong anot: 30 +
100 A/dm?, nhiét do: 60 +100 °C va thoi gian: 0,5 + 3,0 phut. Cong nghé dién hoa ciing dugc st
dung dé 1am mo bé mat kim loai nhu thép trong moi trudong axit manh nhu: HCI: 330 mL/L, thé
anot: 5 +12 V, mat d6 dong anot: 5 + 10 A/dm? nhiét do: 15 + 20 °C, thoi gian 1 + 5 phit.

Nhimg ky thuat gia cong co khi db6i véi cac kim loai nhu: phay, bao, khoan cung ¢o thé thyc
hién dugc biang cong nghé dién hoa véi quéa trinh anot. Cac san pham c6 céu hinh phuc tap
nhung doi hoi do chinh xac cao nhu réto tua bin, [39] rinh xoin nong sing hodc 16 khoan co
hinh thu déc trung, phi chudn, & vi tri che khut ciing nhu véi vat liéu siéu cimg nhu hop kim Fe-
Co-Ni thi viéc ing dung cac phuong phép gia cong anot dit biét c6 wu thé. Dung dich dién ly
thuong str dung H,SO, 18%, NaCl 20%, NaNO3 30%, hon hop NaCl 10% + NaClO3 10%, nhiét
do 40 °C, chiu duoc mat do dong 8 A/em® va dugc bom tudn hoan véi tée do6 9 +10 m/giay.
Dung dich dién ly c6 nhiém vu din dién, tan nhiét va tai san phém kim loai bi an mon. Pién thé
anot: 4 + 8 V, dong 50 + 3.000 A v&i mat d6 1on dong: 200 +500 Alcm?. Vit liéu catot duoc sit
dung 13 Cu hodc hop kim Cu-W d6i khi ¢ cdu hinh twong tng véi yéu cau cia san phim. Tdc do
gia cong kim loai tinh dugc tir mat do dong (i, Alem?), thoi gian (t, gidy), dién tich dung cu (A4S,
mz), ty trong vat li€u san phém (o g/cm3) va cac gia tri dac trung cho vat li€u nhu hoa tri (z),
nguyén tir luong (A) va hing s6 Farady F theo cong thuc: v = (ASit/F)(Aplz), cm?/gidy.

3.4.2. Gia céng kim loai bang qud trinh catot

Thyc hién qua trinh catot trong gia c6ng kim loai chu yéu str dung cho ky thuét ché tao khuon
va ma dip dé phuc hdi cac chi tiét bi bao mon. Uu diém cua qua trinh ché tao khudn bang cong
nghé dién hoa catot (electroforming) [40-42] la qua trinh cong ngh¢ don gian v6i khudn phire tap
nhung c¢6 d¢ chinh xé4c cao, gia thanh ré¢ do gia thiét bi va cong nghé thip va c6 kha niang san
xudt voi sd lugng 16n. Khudn dugc tao tir chép hinh mau san pham ciing c¢6 thé 13 nhimg vat liéu
khong dan dién nhu nhua, g5, sép, va dugc tao bé mit dan dién dé thuc hién qué trinh két tua
kim loai tao khuén. Céac kim loai dé c6 thé két tia catot tao khuon thudng 1a Cu véi cac dung
dich CuSO, 150 g/L, CuCN 90 g/L hoac pyrophotphat 150 + 175 g/L hoac Ni v&i cac dung dich
Watt NiSO, 300 + 450 g/L, nikken sunphamat 300 + 450 g/L véi cac phu gia ting do dan va
giam strc cang ndi. San pham tng dung ciia cong nghé tao ludn 1a dia hat, dng dan song cho rada,
truc in cho cong nghi€p dét.

3.5. Cong nghé bao vé vat liéu

Cac vat liéu nhu kim loai thuong duogc ché tao tir nhiing hop chit ¢ ty nhién nhu oxit,
sunphua co trang thai bén viing hon nén dé bi méi truong tac dong quay tré vé trang thai bén
vimg. Hau hét cac kim loai va hop kim déu dé bi an mon vi qué trinh an mon kim loai 1a sy pha
hay tu dién bién do tiép xuc voi mdi truong xung quanh [43-45]. An mon kim loai dwoc phan
loai theo diéu kién xay ra qua trinh an mon nhu: an mon tudng khi, an mon khi quyén, an mon
trong mdi truong nude, in mon trong dat, an mon do vi sinh vat, an mon tng lyc, in mon giita
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bién hat hodc phan loai theo ddc tinh qué trinh nhu: an mon déng déu, in mon diém, an mon
pitting,... Kim loai va hop kim bi an mon theo 2 co ché: hoa hoc va dién hoa, song dién hoa la
pho bién do trén bé mat vt li€u thudng ton tai moéi trudng am tao thanh mang dién ly con bé mat
kim loai va hop kim khong dong nhat vé 1y, hda, co nén tao thanh v6 van vi pin &n mon voi qua
trinh anot 1a kim loai bi &n mon, con qué trinh catot c6 thé 1a khir ion H' trong moi trudong axit
hay tap chit c6 thé dién cuc dwong hon nhu Cu®" so véi Fe hay O, hoa tan hodc cac hop chit hitu
co tan trong moi truong trung tinh hoac moéi truong kieém:

Qua trinh anot: Me — Me"" + ne

Quia trinh catot: 2H+ + 2e — Hj; O, +4e + 2H,0 — 40H  hoiic RO +2e + 4H" — RH, + H,0....

Khi qua trinh anot hoa tan kim loai dat can bang véi cac qua trinh catot hé dién hoa s& dat gia
tri thé can bang (Ecp) duoc goi 1a thé an mon (E.;,) va mat d6 dong c6 dugc tai can bang (ig) duoc
goi la dong 6n dinh (isz) hay la dong an mon (iny, Aldm? ) Qua trinh an mon kim loai s€ lam
giam trong luong ciing nhu giam kich thudc khi an mon dong déu nén ngoai viée xac dinh dong
an mon, tbc do dn mon kim loai (V) con dugc xac dinh tir sy hao hut trong lugng (4m) cua kim
loai: v = Am/St, g/cm?h hodc &= 3268,7i,1,S/Npve, mm/nim vai S 1a dién tich kim loai 12 anot, t
la thoi gian n la sb dién tur phan ng an mon dién hoa va pye la ty trong ctia kim loai. Qua trinh
an mon kim loai gy tac hai rat to 16n cho nén kinh té clia cac nudc, tac dung truc tiép lam mét di
dén 1/5 san lugng thép san xuat hang nam, con tac dung gian tlep lam giam d6 bén co, 1y tinh
ctia kim loai va hop kim gdy mat an toan khi str dung cac trang thiét bi, may méc bang kim loai,
ddc biét 1a cac phuong tién co dong. Vi vay, nhiéu qudc gia dd phai chi nhiéu triéu tham chi
nhiéu ty USD dé nghién ctru ciing nhu ap dung céc bién phap chdng in mon kim loai. C6 nhiéu
cong nghé chéng dn mon kim loai, nhung c¢6 thé khai quat chinh 13 cong nghé tao 16p phu bé mat
dé ngan cach kim loai v&i moi trudng va cac cong nghé tac dong vao méi truong hodc tac dong
vao chinh vat liéu kim loai.

3.5.1. Cong nghé chong dn mon bang tao I6p phii bé mdt

Céc 16p phi vd co, hitu co cao phéan tir hay kim loai 1én bé mit kim loai can bao vé nham ngin
cach kim loai can v6i moi trudng thuong duge tao nén bang cac phuong phap co, nhiét hoac ma
dién hoa [46]. Phuong phap ma dién hoa thudng duoc str dung dé thuc hién phan Gmg catot: Me"™
ne — Me tao 16p phu kim loai 1én bé mat kim loai cAn bao vé [47-50]. Kim loai tao 16p ma thuong
tro hon v6i méi truong vi du nhu ma Cu, Ag, Au hodc Ni 1én bé mit Fe dé bao vé Fe hodc ma kim
loai d& bi dn mon hon kim loai can bao vé nhung cé xu hudng bi thu dong ddi véi moi truong nhu
ma Zn 1én bé mit Fe. Cac 16p ma kim loai dugc (mg dung rat rong rdi dé chng an mon cho cic san
pham kim loai ctia cac nganh co khi, xay dung, giao thong, dién, gia dung va ca my ngh¢, trang tri.
Ciing c6 thé st dung cong nghé ma vat lidu hitu co, cao phan tir bang ky thuat dién di
(electrophorese) nho qua trinh ion héa cac hop chat hitu co, cao phan tir bang phan tmg maleic hoa:
dé tao ra cac mudi hitu co d& tan thanh hé keo trong nuéc dang RCOONH,, RCOOK hoic RNH,"
dé thuc hién phan Ung dién hoéa dung dich keo trén cuc duong - anot véi RCOO™ (goi la
anotphorese) hodc trén cuc am - catot vdi RNH,4" (goi 1a catotphorese) nhiam tao 16p mang son phi
hiru co cao phén tir R-R 1én bé mit kim loai nhu cac phan tmg sau [55]:

2C4Hyo + 70, — 2C,H,(CO),0 + 8H,0

R-CH=CH-CH=CH-R + C,H,(C0),0 + 2NH4OH — RC,H,(COONH,"), + H,0

2R-COO- — R-R + 2CO; + 2¢ hoidc 2R’ (COONH,"), + 2 — R’-R’ + 2CO, + NH,"

Tuy cbng nghé dién di chi khac cong nghé ma dién vé vat lidu va dung dich dang keo, nhung
diém khac vé cac qua trinh dién cuc 13 khong thé thuc hién phan tung nghich, vi vay, viée ddo
cuc lam tan l6p phu polymer la khong thyc hién dugc. Mang son dién di tao thanh cach dién rat
t6t nén qua trinh dién hoa chi xay ra trén bé mit dién cuc dan dién, do d6, 16p phu rat dong déu
va kha ning phan bd rét tdt ngay ca voi bé mit bi che khuat. Khi két hop v6i pigment nhu cac
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hop chat photphat, cromat hodc oxit mang phil hitu co cao phéan tir biang son dién di cang c6
nhiéu uu diém trong linh vuc tmg dung dic biét 1a cong nghiép ché tao 6t6.

Tao 16p phu kim loai ciing dugc st dung dé bao vé cac vat liéu phi kim loai dac biét bé mit
nhua [41]. Vit liéu nhya c6 loi thé so voi kim loai 1a dé gia cong duc, dap, ép trong ché tao loat
16n, song vat liéu nhya cling dé bi 130 hoa nhanh do tac déng cta anh sdng va khong khi am nén
tao duoc 16p phu kim loai bao vé¢ vira co6 tac dung tang tudi tho lai vira lam tang tham my cla san
pham. Dé thyc hién cac k¥ thuat ma dién hoa thong thuong, bé mat nhya can phai xir 1y tao
nham bang cac phuong phap co, 1y, hoa de tang lién két gitra vat liéu nhwa va kim loai nham ting
d6 bam dinh giita 16p ma kim loai v&i nén nhya dong thoi tao 16p dan dién dé c6 thé thyc hién
cac phan Gmg dién cuc. Tao 16p dan kim loai 1én bé mit nhya c6 thé dugc thuc hién bang phuong
phap bdc bay vat 1y, nhung phd bién va hiéu qua hon, dac biét dbi voi san pham c6 bé mat 16n 1a
ma hoa hoc dong hodc ni ken. Dé cac phan ing khir mudi AgNO3;, hodc kinh t& hon nhur CuSO,,
NiSO, hay NiCl, biang cac chat khir nhu HCHO hoic Na(H,PO,) hay NaBH, dugc thuc hién trén
bé mit, bé mit nhya sau khi 1am nham dugc hoat hoa b?mg cac mudi PACl, hodc SnCl,.

3.5.2. Cong nghé chong an mon tac dong vao méi trwong va vit liéu kim logi

Vi qua trinh an mon dién hoa xdy ra can méi truong dién ly nén cc cong nghé tac dong vao
mdi truong ¢ y nghia rit quan trong dé chdng an mon kim loai nhu: st dung céc chat trc ché,
ngin qua trinh tao mang am bang k¥ thuét xir Iy am khong khi. Nhu hinh b toc d6 dn mon cac
kim loai ting khi d6 am tuong d6i (RH, %) ctia khong khi ting, dic biét ting manh khi RH >
60%. Phén loai an mon theo dd am khong khi duoc 14y co s6 tir thoi gian luu mang am (TOW, h/
nam) khi théa man diéu kién T > 0 °C va RH > 80%.

Ving  dic | Qudc gia T, RH, |TOw, X
trung °C % h/ndm mg/dm
Nhiét d6i am | Brazin 21 74 5637 120
Argentina 21 75 5637 100
Peru 26 82 5382
80
Viet Nam 25 | 84 | 5348 /
Can nhiét déi | Uruguay 17 74 5084 60
On déi Nga 5 82 3800 /
Thuy Dién 6 82 4534 40
Pric 8 82 4989
CH Czech 7 | 74 | 3064 20 d
//
Tay ban nha 11 65 2604
—— 0 20 40 60 80 100
Han doi Nga, Kluichi -1 76 1916 ins

Hinh 3. a) Phdn viing khi quyén an mon theo TOW,
b) Sw phu thudc v.q, vao do am khong khi.

Céc k¥ thuat dé lam giam d6 4m khong khi, han ché thoi gian tao thanh mang ngung ty am
TOW cua dung dich dién ly thuong sir dung cac vat liéu hap thu hoa hoc hodc hap phu vat 1y nhu
silicagel, zeolite hodc vat liéu x4p 1am ngung ty 4am vao trong mao quan theo quy luat: p =
Poexp(20V/RT 7) voi p Va po 12 4p suét hoi nude twong tng bén trong va ngoadi mao quan, o stic
cing bé mit chat 1ong, R 1a hang sd, T 1a nhiét do, Vi thé tich phén tir chit long va 7 1a ban kinh
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mao quan. Véi ban kinh mao quan 7= 2.107 cm, do am khong khi dat gia tri 59% s& lam giam
dang ké toc do dn mon kim loai [56]. Pé c6 thé 1am giam do 4m cua modi trudng khong khi co
hiéu qua, khong gian c6 cac vat liéu kim loai can phai c6 lap va cach ly voi méi truong khong
khi chung.

V6i nhitng thiét bi bang vat liéu kim loai co khdi lugng va thé tich 16n nhu may bay, tén lira
va vii khi trang bi quan su, viéc loai a am trong khong gian duogc gidi han twong thich thuong duge
thyc hién bang cac may hat am hoat dong theo nguyén ly lam lanh hodc theo nguyén ly Munter
hap thy bang LiCl [56]. Uu diém ctia phuong phap chéng dn mon kim loai bang loai mang dung
dich dién ly 1a c6 thé ap dung ddng thoi voi nhiéu vat liéu, thoi gian dua vao st dung nhanh va
c6 thé bao vé voi khdi luong ciing nhur sb luong 16n.

Viéc str dung céc chat (rc ché tan trong mi truong dung dich dién ly v6i ndng dd nho nhung
c¢6 kha niang trc ché cic qua trinh anot hodc catot dé chong dn mon kim loai s& khong phai giGi
han khong gian tmg dung [58]. Cac chit trc ché thudng duoc sir dung 1a cac hop chét vo co, hitu
co tong hop hodc duoc tach chiét tir thuc vat va thuong tac dung thich hop cho méi truong dung
dich dién ly hoic axit, kiém hodc trung tinh cho ting d6i twong kim loai cy thé.

Bao vé chong an mon cac kim loai bang tac dong vao vit li€u véi cong nghe luyén kim tao
thanh cac hop kim c6 tinh bén viing cao nhu duyra (hop kim nhom) hoic thép khong gi (hop kim
sit) [59, 60]. Duyra 1a hop kim cua Al c6 4,4% Cu, 1,5% Mg, 0,6% Mn va dbi khi con ¢ thém
Si dé tao thanh trén bé mit mang nhom oxit Al,O; mong bén an mon trong mdi trudong. Duya
bén an mon va nhe nén dugc ung dung rong rii dic biét trong ché tao may bay. Thép khong gi
(1913, Harry Brearley) c6 nhiéu loai nhung chu yéu c6 martensitic voi ham lugng Cr: 11+ 13%;
ferritic voi ham Cr: 12+17% va austenitic vdi ham lugng Cr: 16%, Ni: 7% va C: 0,08% va doi
khi con c6 thém Ti, Mo, Cu,... V&i nhitng ty 1& khac nhau giita cac nguyén t6 thép khong gi co
tén va mac thép khac nhau, nhung thanh Cr t6i thiéu phai 13 10,5% va t6i da dén 26% dé tao ra
16p crom oxit rat moéng 2+3 nm trén bé mit tuy khong nhin thiy va khong lam thay doi vé sang
bong cua vat liéu nhung da thy dong bé mit thép trong méi truong nude va khong khi va co tac
dung bao vé thép khong bi an mon. Thép khong gi duoce tmg dung rat rong rii trong moi linh
vuc, dac biét trong xay dung, giao thong, cong nghiép hoda chét,...

Viéc thiét ké, ché tao trong céc linh vuc Gmg dung véi cau hinh hop 1y, giam thiéu cac diém
tich tu am hodc tap trung tai trong ciing c6 gdp phan tac dong vao vat liéu dé chéng an mon
kim loai.

3.6. Cong nghé tao nang lwong dién hoa

Sy phat trién vii bio cua khoa hoc k¥ thuat va cong nghé gan lién mat thiét véi qua trinh dién
khi héa va tr dong héa. Didu d6 doi hoi ngay cang nhiéu ning luong dién cho moi linh vyc hoat
dong, trong d6, dac biét cac dang nguon dién doc l1ap mang ludi dién voi cong suét khac nhau.
Trong cac dang ning lugng co thé chuyén thanh dién ning nhu: tir nhién liéu hoa thach, tir phan
ung hat nhan, tr sic gioé, sttc nudc, song, tir nhiét, &nh nz“ing mat troi,... thi nang lugng hoa hoc
clia céc vat liéu anot va catot duge chuyén hoa tryc tiép thanh dién ning bang cic phan tng dién
hoa trong cac dang ngui")n dién dién héa hoc 1 ¢6 thé cung cép dién truc tiép cho cac thiét bi doc
1ap v6i mang dién ludi. Ngudn dién dién hoa hoc co thé dung mot chiéu dé tao ra dién ning bang
cac phan tng dién cuc trong cac dang pin (ngudn dién loai 1) va pin nhién liéu (nguon dién loai
3) hoéc chi dung dé tich ning luong dién va luu giit trong cac loai dc quy (nguon dién loai 2)
bang cac phan tng dién cuc thuan nghich. Nhitng dai lugng chu yéu ciing nhu két cau co ban cia
ngudn dién dién hoéa véi nhitng dic trung riéng déu xuét phat tir co so Iy thuyét dién hoa.

3.6.1. Cac dai lwong ddc trung va ddc tinh cua cac vat liéu ngué‘n diéen

Tir co so nhiét dong hoc cho thiy, phan ting dién hoa ciing nhu phan tmg hoéa hoc khong

nhitng lam bién ddi chit ma con bién d6i nang lugng: AzG = AgH - TA4gS véi entalpie AgH
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chuyén thanh coéng va entropie 4gS chuyén thanh nhiét. Trong ngudn dién dién hoa tai thé can
bang quan hé: 4gG = zFUy,. Vay hiéu suit 1y tuong 7, clia cac phan Gmg dién cyc trong ngudn
dién s& 1a: my = (4rG )/(ArH) = (4rG )/(ARG + TARS) =Ue/[Ue, — T(AU .,/ T)]. Nhu vay, khac
v6i hidu suat clia qua trinh san xuét dién trong dong co theo chu trinh Carno: 7 = (T, — Ty)/Ty <<
100 ~ 0,51, trong ngudn dién dién hoa do A4zG < 0 va TA:S > 0 nén 7, > 1. Bang 4 cho théy,
hiéu suét Iy tuong cua cac phan ung dién hoa tao dién ning trong cac ngudn dién dién hoa kha
cao, tham chi bang 1 va 16n dén 1,63 do c6 thé thu nhiét tir moi truong [61-63].
Bing 4. Cac gid tri nhiét dong AgH, MG, thé nguon can bang Uy, va hiéu sudt Iy tuong nyciia cac
phan iing dién héa trong nguon dién dién héa tai cdc nhiét dé va trang thdi khac nhau [61].

Phan tUng trong nguon T,°C | AgH, kImol™ | A:G, kImol™® | U, V | ny
dién
25 -285,9 -237,4 1,23 0,83
Long 60 -285,1 -231,8 1,20 0,81
H,+ 1/20, —» H,0 25 -241.8 -228,6 1,18 0,95
Hoi 100 -242,6 -223,2 1,17 0,93
500 -246,2 -203,5 1,05 0,83
25 -110,5 -137,1 0,71 1,24
Camonin + 120, — CO 500 11108 -180,3 093 | 163
HCHO + O, —» CO, + H,O 25 -563,5 -520,7 1,35 0,92
CHa + 20, — CO; + 2H,00n 25 -802,2 800,83 1,04 | 1,00
NoHagen + 02 — Np + 2H,010m) 25 621,1 622,6 1,61 | 1,00
Zn +1/20,— ZnO 25 -349 318,5 1,65 0,91
Li+ 1/2F, —» Li 25 -611,9 -584 6,05 0,95

Nhung trong thuc té hiéu suét tong thé: 7y ciia ngudn dién dién héa con bao gdm céc loai hiéu
suat thuc té: M= NaNethn trong do6, hiéu suét dién thé: Na = Ug/Ug; hiéu suét Faraday:
7e = q/(zmF/¥M) giira phan tng chinh va phan tng phuy; hiéu suat van hanh tinh dén nhiing ton
that do diéu nhiét, lam sach dung dich, diéu khién h = 0,9. V6i 55 = M= Thelar 76 T chi ¢6
thé dat duoc gia tri: 0,5+0,8. Ngoai ra, d6i véi ic quy con pha1 chi y dén hiéu suat phong:

77ph—f Uph phdt/f U,, L,dt va hiéu suat nap: 77, = f Iphdt/f I, dt véi I, Uy, va I, Up, la

dong, thé nap va phong. Dé dat dugc hiéu suét cao qua trinh san xudt va sir dung ngudn dién dién
hoéa can chi loai bo nhitng tn that gy ra do qua thé, tw phong do cac phan tng phu cua vat liéu
dién cyc khong dugc tinh khiét.

V& mat dong hoc, thé cua nguén dién dién hoa khi van hanh thuong nho hon gia tri thé tur
nhiét dong hoc khi phéng va 1én hon khi nap do qua trinh kiém ham ciia nhiéu phan tmg dién
hoéa trén cac dién cuc do c6 cac qua trinh phén cuc hay cac dang qué thé: phong dién: 7p, nong
do: nc g6m khuéch tan 77, va phan tng 7 cing nhu qua thé két tinh 7, va qua thé Ohm 7,,. Cac
yéu td tac dong dén dong hoc va cdc qua thé 1a giam nang lugng hoat dong hoa cua phan ung
phong dién bang cac chat xuc tac, tang nhiét d9, tang noéng do cua cac chat phan tmg, ting khudy
tron, tang téc do tao mam, tang do dan dién, giam chiéu day 16p khuéch tan hodc st dung vt lidu
dién cuc din dién tét. Dé thé ctua ngudn dién khi phong 16n thi theo phuong trinh: U = U, + 7-
s — I(Rk+Ra+R4 + Ryo) can ting quéa thé catot: 7, giam qua thé anot: 7, ciing nhu giam cac
dién trd cua vat liéu catot: Rk, anot: Ra va dung dich dién ly: Ry cling nhu 14 cach: Rye.

Viéc dap tng cac dac tinh cua nhiing vat li¢u dién cuc, dung dich dién ly va 14 cach s€ dam
bao dugc cac gia tri nhiét dong va dong hoc cta nguén dién héa nhu mong mudn.

vé nguyén tic co thé chia dién cuc g6m dién cuc ion kim loai nhu: Me/Me™; dién cuc anion:
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Me/MeX/X v dién cuc oxy héa — khir vi du nhu: Me/Fe®’, Fe** hodc Me/H,, H'. Cac dang dién
cuc dé dam bao dién tich be mat pha 16n thyc hién cac phan ng dién cyc thuong c6 dang: dién
cuc hat di dong, dién cyuc tim phang hinh khéi va dién cuc xdp.

Dung dich dién ly cho nguon dién dién hoa thuong 1a cac dung dich chét vo co, hop chat hiru
co, muodi nong chay, ban dan ion phai dam bao: do dan dién ion cao nhung khong dan dién
electron, thé phan huy cao hon thé ctia ngudn dién, bén hoa, bén nhiét, 4p sudt hoi va ty trong nhé.

L4 cach c6 nhiém vu ngin su tiép xtc ctia 2 dién cyc ciing nhu phan chia ving dién ly catot
va anot. Nhiing yéu cAu cua vat liéu lam 14 cach 1a: dan dién in tot va chon loc cao dbi voi ion
can dan dién, tham w6t tdt, khong dan electron, bén co va bén hoa.

Céc thong sb co ban ctia nguon dién dién hoa thuong la: Dién thé nguén U, V va dién thé
lam viéc to1 han Uy, V; luong dlen hay dung lugng C, Ah; dong phong chuan: Iy, = Citen, A v6i
ten 1a: 20, 10, 5 va 1. Déi voi ac quy con phan biét dung lugng phong: Cp va nap: C, cling nhu
dong phéng va nap. Hé s6 nap la ty 18 gilta: Co/Cp > 1 do con cdc phan ng dién hoa phu vi du
nhu thoat khl H,. Kha nang nap dién cho ic quy rat phu thudc vao dong nap va nhiét do. Pé so
sanh cac nguon dién dién hoa khac nhau con sir dung cac thong sd: dién lugng riéng thuc té va ly
thuyét theo khdi lwong: Iy, (Ah/KQ), I = ZF/M; theo thé tich: Iy, (Ah/L), Iy, = dzF/M (véi d la
ty trong, z s dién tich phan tmg va M 1a s6 mol, F 1a hang s6 Faraday). Ddi voi ngudn dién dién
hoa cac thong s6 co ¥ nghia thyc té 16n 14 ning lugng: P = f ‘U (t)I(t)dt hoic gan dung
P = UyCy, ning luong riéng theo khoi luong va thé tich: p, = P/m, (Whlkg); pv = P/V, (Wh/L)
va mat d0 nang luong 1y thuyét d6i voi catot hodc anot theo khodi luong va thé tich:
Pmit = Uoo/ [(1mt.0)+(Mmiea)]s e = Ueo/[(1hv e c)+ (v ia)]. Cong suat ctia nguon dién dién hoéa:
F = UL (W), cong suat riéng: f, = F/m, (W/kg) va mét do cong suit: f, = F/V, (W/L) ciing dat
trung cho kha nang cta dién cuc.

Tir nhitng co so 1y thuyét da néu cac nguyén tac dé chon ngudn dién dién hoa la: Pién thé cao
nghia l1a chon céc vat liéu dién cuc cod thé cach rit xa nhau nhu E(L./F) =6,05 V, mat do dlen lugng va
dién luong riéng cao, mat d6 nang luong va nang lugng dién riéng cao, méat do cong suét va cong
suat riéng cao, higu suat sir dung 16n do qué trinh an mon vét lidu dién cyc va ty phong nho, tudi
tho cao nho d6 bén co, héa, dién hoa cia cac vat liéu cao, dic biét ung dung vat liéu nano;[64-66]
gia thanh thép va st dung thuan lgi véi khoang nhiét d6 rong, khong doc hai véi con ngudi va moi
trudng, chiu qua tai tot, khong can bao dudng, an toan do dién va khong chay nd.

3.6.2. San xudt dién ning

Ning luong hoa hoc duoc chuyén truc tiép thanh niang luong dién theo 1 chiéu phan tng
dién hoa trong pin, nguén dién loai 1, va trong pin nhién li¢u, nguén dién loai 3. Su khac nhau
gitra hoat dong cua pin dé thuc hién mot 1an va loai bo con pin nhién li¢u lai dong vai tro giéng
nhu dong co dién voi dién cuc cd tac dung xuc tic cho phan ung theo chiéu chuyén thanh dién
ctia nhién liéu véi nhién lidu duge bd sung li€n tuc vao pin nhién li€u nhu dong co nhién li¢u
bang xing.
3.6.2.1. Pin do sir dung 1 1an nén dé dap g nhu cau rat 16n vé sé lwong doi hoi phai ty dong
hoa cao vé cong nghé san xuét, gia cua cac vat lidu va cong nghé phai ré, dé& dang st dung thay
thé va khong thé lép nguoc dién cuc, dién ap lam viéc va phong dién on dinh, tu phong nho va co
thé hoat dong & nhiét do thép. Linh vyc stir dung pin trong doi séng rat 16n véi dong rat nhé nhu
may trg tim (10+20)10° mA, may thu, nghe, ghi am, radio,... 10+250 mA, may cao rau, dén pin,
dd choi tré em, may quay phim,...100+500 mA, dong hd cac loai 0,1+-1000 mA.
3.6.2.2. Cac loai pin phd bién hién nay thudng st dung anot Zn (trang thai ran (r)) va dung dich
dién ly trung tinh NH,CL (trang trai long (1)) c6 pin Leclanche’ (1966) véi catot 1a MnO,, pin
khong khi véi catot 1a O, tir khong khi, con dung dung dich dién ly kiém KOH véi catot 1a MnO,
(1989, Waldemar Jungner), HgO, Ag,0O. Phan g oxy hda — khir dugc thuc hién trén cac dién cuc:
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Trén anot — cuc 4m (qua trinh oxy héa Zn): Zn — Zn*" + 2e—

Trén catot — cuc duong (qua trinh khr):

Trong pin Leclanche’ (khir Mn(IV): 2 MnO; + 2NH* + 2e— — 2 MnO(OH) + 2 NH3

Nén phél’l ICI’Ilg téng: Zn(r) +2 MnOQ(r) +2 NH4C|(|) — ch12(|) +2 MnO(OH)(,—) +2 NH3(|)
hoac: Zn(r) + MnOz(,) +2 NH4C|(|) — ZnClz(r) + Mn(OH)z(r) +2 NH3(|)

Trong pin dung dich KOH: 2Mn07_(r) + H20(|) +2e— — Mn203(r) + 20H" 0)

Nén phan tng tong Zngy + 2MnOy() — ZnO¢y + Mn,04

Tuy cac phan tng chuyen hoa ning lugng dugc viét don gian, song trong cong ngh¢ da phai
nghién ciru thém rat nhiu phu gia v&i ham luong va ban chat khac nhau dé ting d6 dan cua vat
liéu dién cyc va dung dich dién ly, giam qua trinh &n mon dién cyc kém ciing nhu cac phan tng
phy, giam 6 nhiém méi truong, ting khoang nhiét d¢ lam viée ciing nhu do bén ctia ngudn dién.
Su khac nhau cta pin dung dich dién ly KOH so véi NH,CI 1a tang mat d6 nang luong dén 3 lan,
dong phong cao do ndi tré nho, dic tinh phong dién phing, chiu tai cao va hoat dong & nhiét do
thap dén -40 °C. Tuy theo quy dinh cua pin cyc dwong & trén va cuc 4m & ddy, nhung céu tao bén
trong hoan toan khac: voi pin Leclanche’ dién cuc 4m Zn dang hinh 14 mdng tru boc ngoai, con
vat lidu cuc duong MnO, boc cuc than ¢ giita (hinh 4a), trong khi do, trong pin kiém (hinh 4b)
vat liéu cuc am dang bt Zn lai ¢ gilra con vat liéu cuc duong MnO;, lai boc ngoai.

POSITIVE CONNECTION
One-piooe metal cover (+) CURRENT PICK UP
ZINC ANODE

Carbon ektrode

——a Plastic chosure ION CONDUCTING SEPARATOR
astic Cosure

MANGANESE OXIDE CATHODE
Sealant

cathode mixture
{manganese dioxide, ] OUTER CASING
carbon. chectrolyte) == Adhesive-hacked harmier film
Jocket (labeled |-< Knaft
polyethylene : PRESSURE EXPANSION SEAL
boded tube) - Anode (zine alkoy can)
Cup Sepurator (coated paper)
— PROTECTIVE CAP
. ~——— NEGATIVE TERMINAL
Pin Leclanche’: Pin kiém:
Zn/Zn*//NH,CL//MnO,/MnOOH/(C) Zn/Zn*//KOH//MnO,/MnOOH/(C)

Hinh 4. Nguyén Iy ciu tao cia pin Zn/MnO, Lechlanche’ va pin dung dich kiém.

Ngoai Zn vét liéu anot cho pin con co thé sir dung: Li, Na, Ca, Mg, Cd, Pb con vat li€u catot:
0,, F,, Cly, S, HQO, Ag,0,, PbO,, MnO;, V,05, WOs,... va dung dich dién ly khong nudc 1a hé
cac chat hitu co din dién va cac mudi dan LiClO;, KSCN, KPFs, LiAICl,, LiCl,... nhu
propylencacbonat (PC), etylencacbonat (EC), axetonitril (AN), dimetylformamid (DMF),... hoac
hé mubi néng chay nhu: LiCI-KClI, Li-LiCI-LiF.

Trong mot s6 linh vuc dic biét nhu: phat tin hiéu khi bao dong, cép ctru hoac cung cép dién
cho vii khi bay quén sy nhu cac loai tén Itra thuong phai st dung cac loai nguén dién du trir hoac
pin hoat hoa, nghia 13, pin chi hoat dong khi duoc hoat hoa. CéAu tao cua pin du tr&t phai dam bao
khi ¢ trang thai dy trir hé dién cuc khong tiép xtc voi dung dich dién ly. Vi du pin du trit véi
dung dich dién ly hé: Pb//H,SiFe//PbO,; Mg//NaCl//AgCl; Zn//KOH//Ag,0, hodc vi mudi nong
chay hé: Li//LiCl-KCI/CaCrO,; Ca//LiCI-KCI//V;0s,... c6 cAu tao chtra dung dich dién ly vao
ampul cach ly véi cac dién cuc hodc hé mudi trang thai ran khong dan dién. Khi hoat hoa ampul
chira dung dich dién ly dugc lam v béng ap suét hodc luc co hoc dé lam ngép hé dién cuc hoac
hé mubi bj noéng chay béng nhiét thanh chét dién ly dan dién. Qua trinh hoat hoa xay ra rat nhanh
trong thoi gian vai giay.
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3.6.2.3. Pin nhién liéu (1839, Grove) c6 mé hinh nguyén ly nhu hinh 5a dé san xuét dién tir nhién
liéu 14 H, v6i O,. Pin nhién li€u dugc phan loai theo: nhiét dg, nhién liéu, dung dich dién ly, dang
dién cyuc hoac xuc tac [67]. Cac nhién li¢u dang khi nhu H,, CHO, NHs;, CO, CH,4, SO,,... va
dang 16ng nhu: hydrazine, methanol, etanol, axit axetic, natri hon hong, . trong do, khi H, dugc
sir dung thuong xuyén nhat. Dung dich dién ly la axit, kiém, vat rin dan ion, mubi néng chay.
Dién cuc ¢o vai trd mang cac chat xtc tac thich hop véi cac phan tng trong pin nhién liéu nén
thuong c6 ciu tric xdp véi bé mit 16n nhung phai dam bao dan dién tot. Cac xtc tac thudng
dugc st dung la Pt, Pd, Ag, Ni, Ni;B, WC, C, spinele (nhu: CoAl;O,,...), phtaloxyanine,
porphyrine, tetraazanulene, ... phai dam bao cac yéu cau: hoat hoa xuc tac chon loc, dé hap phu,
¢ dong trao ddi iy 1a thude do cua xuc tac va hap phu 16n, bén hoa hoc va dién héa, d& phuc hdi,
dan dién electron t6t, khong d& bi ngd doc va gia thanh ré. Viéc Gmg dung vt liéu xuc tac kich
thudc nano hién ciing dang cai thién dang ké vé hiéu qua xiic tic ciing nhu giam gia thanh san
pham. Bang 5 trinh bay mot s6 hé pin nhién liéu dién hinh dang dugc nghién ciru va ing dung
trong thuc té. Pin nhién liéu Hy/O, dugc uu tién s dung cho linh vie du hanh vi try cling nhu
giao thong d6 thi. Do hoat dong san xuét dién ctia pin nhién liéu khong sinh ra tiéng 6n, va cac
san pham tao thanh khong gay 6 nhiém mdi trudng nén pin nhién liéu dugc dau tu nghién ciru dé
giam gid thanh va dua vao tng dung.

Bdng 5. Cac hé pin nhién liéu (PNL) voi cac gia tri dac trung khac nhau.

T, Tudi

Hé PNL |Hg dién

Anot (xtc
tac)

Catot (xtc
tac)

°C

p, MPa i, ™

mA/cm?
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tho, h

H,/O, | KOH

38%

C,PTFE-Pt

C,PTFE-Pt
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0,06

100

40-+65

50+75
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H,/O, | KOH

85%

Ni

Ag,Ni-Pt
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0,1+2,7
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> 15000

N,H4/O,| KOH
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0,1

100
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40+65

> 3000
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.. .. M
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Used Fuel <« Pl Air + Water Vapor
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Flow Field Flow Field
Plate Plate
Gas Diffusion
Electrode (Anode)

| GasDiffusion
Electrode (Cathode) Bodaodién
Catalyst b Catalyst

Proton Exchange Membrane

Hinh 5. M6 hinh nguyén Iy hoat déng ciia pin nhién liéu H»/O, va 6 td

Ac quy 12v

chay bang pin nhién liéu HolO,.

Ttr nhitng ndm 1967-1968 nganh du hanh vii tru da sir dung pin nhién liéu H,/O, dé cung cap
291,7 kWh va 100 L nu6c cho tau Apollo 7 hoat dong trong 779 gid. Hinh 6b cho thdy, 6t6 chay
bang pin nhién liéu Ho/O, ciing c6 nhitng wu diém: Khong 6 nhidm mai truong do chi thai nudc;
Pham vi hoat dong 16n dén 500 km; Hiéu suit cao; Khong can bd truyén lyc phuc tap vi dung
dong co dién dé st dung; Bom khi hydro nhanh chi 3+5 phit. Tuy nhién, nhugc diém cua pin
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nhién liéu 1a: Ngudn cung cip nhién liéu hydro van st dung tir dau moé hodc tir uranium; Luru trit
rat khé (can 4p suat cao hodc nhiét do thap); Co s¢ ha tang phan phéi nhién liéu han ché.

Néu viéc san xuat cic hoa chét duge thyc hién bang pin nhién liéu thi cung v6i san pham la
céc hoa chit con thu duoc mot luong dién dang ké (bang 3). Khi nhién liéu hydro dan thay thé
cac ngudn nhién liéu va ning luong hién nay ciing nhu kinh t& hydro dan c6 vi tri thi viéc phat
trién (mg dung ctia pin nhién liéu s& ting manh.

Sé}n Phén 1:rng ARHl ARGa A UCbl Q|t1
pham kd/mol | kd/mol V | MWhit
NH; 0,5N,+1,5H,—~>NHs; -80,8 -26,8 3 | 0,09 0,44
HCI 0,5H,+0,5Cl,—HCI -167,2 | -131,5 1]1,36 1,00
HNO; NH3+20,—->HNO3+H,0 -447,2 | -332,4 8 | 0,43 1,47
H,S0, SO,+H,0+0,—~>H,S0, -298,9 | -203,9 2 | 1,06 0,58
CCl, CH,4+4Cl,—CCl+4HCI -697,1 | -535,5 8 | 0,68 0,97
Axeton CsH,0H+0,50,—C,HsCO+H,0 222,7 | 2265 | 2 [1,17| 1,08
Axit CeHe+4,50,—C,H,(COOH),+2C0O,+H,0 - -1775,2 | 18 | 1,02 4,23
maleic 1907,1
3.6.3. Luu gitr dién nang
I = W00 5
T
v Very-high power LHon [V1Y]
St Cagaiciln LLH
5 100 4 i
z
Qua trinh nap dién 5 C
g 10 + standad
& Leac-Arkd
Gin
14
cion
1

B gy [Whikg)

Qua trinh phong dién

Hinh 6. Nguyén Iy qud trinh nap, phéng dién cia de quy Li-ion
va so sanh nang leong cdc loai dc quy.

Ngudn dién dién hoa ciing duoc sir dung dé luu gitr nang luong dién trong cac loai ac
quy. Khi tich dién, nang lugng dién tir mang s& chuyén thanh ning lugng héa hoc cua cac
vat liéu dién cuc cua dc quy bang cac phan ung dién hoa theo chiéu phan Ung nghich,
nguoc lai khi can su dung cac phan ttng dién hda cua dién cuc ic quy theo chiéu thuan s&
chuyén ning lugng héa hoc thanh ning lugng dién: Me = Me"™ + ne. Pap ng nhing yéu
ciu chung cia ngudn dién dién héa di néu trén, dén nay, cac loai ic quy thudng dung co:
[68] chi axit hé: (-)Pb//H,SO.//PbO,(+) (1854, Sinsteden va Plate), ic quy kiém niken - cadmi
hé: (-)Cd//KOH//NiIOOH(+) (1899, Jungner), niken - sat: (-)Fe//KOH//NiOOH(+) (1901 Edison),
bac — kém: (-)Zn/KOH//AgO(+) va 4 quy liti — ion: (-)LiCe// etylen
cacbonat+LiPFe//LiCoO,(+) (1970, Whittingham). Cac phan ung dién cuc khi phong va nap cua
cac dc quy néu trén duoc viét nhu sau:
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Pb + PbO, + 2H,S0, = 2PbSO, + 2H,0
Cd + 2NiOOH + 2H,0 = Cd(OH), + 2Ni(OH),; Fe + 2NiOOH + 2H,0 = Fe(OH), + 2Ni(OH),
Cg + LiCo0O;, = LiCg + Co0,

Diém khac nhau tir cac phan tng cua 3 loai dc quy nay la: chat dién ly axit H,SO, tham gia vao
qua trinh phong nap cta dc quy chi, trong khi @0, chi ¢6 H,O tham gia vao qua trinh phong nap cia
dc quy kiém con trong dc quy liti-ion, ion Li* di chuyén thuan nghich trong dung dich dién ly tir
dién cuc nay sang dién cuc khdc trong qua trinh phong va nap (hlnh 6a). Su khac biét do ciing s&
quyét dinh dén nhimg dac thi vé cau tric cling nhu cong nghé ché tao cac loai 4c quy trén.

Dé tranh khi va hoi vé6i chat dién ly thoat vao méi truong trong qué trinh nap, ic quy kiém va
sau d6 1a dc quy chi axit da duoc nghién ciru khir khi O, va ting qua thé H, tao didu kién 1am kin
khi. Nho do, co thé mé rong linh vue ung dung dac biét ky thuat dién tir nhu may quay phim, xe
may, So v6i dc quy chi axit va dc quy kiém, dc quy Li-ion véi vat liéu nano c6 nhiéu uu diém
noi bat [69- 71] nhu dién ap cao, nang lugng riéng 16n, chiu dugce tai 16n, bén, khong 6 nhiém
mai truong, tudi tho cao va co thé phong nap dén hang ngan chu ki, nén tuy ra doi muén nhung
ngdy nay da nhanh chong dugc nhiéu linh vuc trong cude song ung dung nhu: dién thoai di dong,
may tinh, cic thiét bi y té, xe dién (xe dap, xe mdy, 6t), dén céac thiét bi hang khong, tram luu
dién,... Nam 2019 ba nha khoa hoc: John B.Goodenough (My), Akira Yoshino (Nhéat) va Stanley
Wittingham (Anh) da nhan dugc giai thuong Nobel Hoa hoc vé cong trinh phat trién ngudn dién
litiion “for developtment of lithium-ion batteries” va Hoi déng da danh gia: “da tao ra mdt cude
cach mang cho cudc sdng ctia con ngudi ké tir khi ¢6 mit trén thi truong vao nam 19917, dong
thoi nhan manh 1a "loi ich vi dai nhat ddi voi nhan loai" [72].

4. KET LUAN

Ly thuyét dién hoa vé cac quy luat cua do dan dién ion cta dung dich dién ly, cia thé dién
cuc dac trung cho nhiét dong dién hoa va ctia qua thé va phan cuc quyét dinh dac trung dong hoc
dién hoa la co s¢ cho céc linh vuc Umg dung cua cong ngh¢ dién hoa trong thuc té. Két hop voi
ky thuét dién tir, phwong phap phan tich dién hoa co thé xac dinh dinh lugng dén 10™ ppm ciing
nhu dién bién phuc tap cia co ché cc phan tng dién hoa. Linh kién dién hoa hd trg thém linh
kién dién tir c6 qua trinh diéu khién cac phan tng hoéa, sinh dic biét tu cung cép ning luong. Kha
nang cua cong nghé dién hoa co thé diéu ché tat ca cac vat liéu kim loai mau réat hoat dong. Nho
cong nghé dién hoéa nhéom kim loai tur rat hiém, gia dit hon vang, ngay nay da tr¢ thanh vat liéu
quan trong phd bién trong moi linh vuc két ciu, xay dung ha tang. Cac hoa chat vo co co ban
cling nhu hop chat hiru co va duge liéu dugce thue hién bang cong nghé dién hoa dang dap tng
nhu ciu cta cac nén kinh té vé s6 luong va chung loai. Cong ngh¢ gia cong dién hda cling nhu
bao v¢ vat liéu kim loai ciing da gop phan mo rong nang lyc gia cong d6i voi nhitng ddi tugng
dic biét khé vé hinh dang nhu tuabin, ng din song, cuc 16n vé dién tich nhu anot hoa, déanh
bong nhom canh may bay hodc tao nhitng chirc ning dit biét bén nhiét, siéu cimg, xtc tic, bén
an mon kim loai cho bé mat kim loai va tang tudi tho phuc vu cho vat liéu ciing nhu cong trinh
bang kim loai. Cong nghé¢ ngudn dién dién hoa vira san xudt lai vira chira dung dugc dién nang
nén tao co so thiic day sy phat trién cac nganh k¥ thuat phuc vu cho kinh té va doi séng déu can
dén dién nang tir mang cting nhu doc 1ap v61 mang dién. Diéu d6 di tao ra cudc cach mang cho
cudc sdng con ngudi va mang lai “loi ich vi dai nhat cho nhan loai”.
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ABSTRACT

Electrochemistry: From theory to technology and application (Part 2)

Electrochemistry is the field of science and technology that intersects chemistry and
electricity, so there are many applications in science and life. Oxidation — reduction
reaction on electrode in electrolyte is peculiar to electrochemistry. The theory of
electrolyte clarifies the law of ionic conductivity, while thermodynamics clarifies the
structure of the double - layer above the interface between a solid electrode and
electrolyses as well as the thermodynamic role of the types of electrochemical potentials,
especially electrode potentials, while the kinetics of the electrochemical reaction is
determined by the current density and controlled by the rule of electrodic processes with
the overpotential and polarization. The laws of electrochemical reactions are applied to
the development of the analytical technique of qualitative and quantitative of materials as
well as the characteristics of electrode reactions. Electrochemical reactions have also
been the basis for the formation of electrochemical components on the basis of the laws of
ion transport and the scope of control of processes by electrochemical sensing. The
advantage of using electrochemistry to transform into energy chemistry has been exploited
in the technologies of manufacturing all nonferrour metals, inorganic, organic chemicals,
and pharmaceuticals. Metal material processing methods as well as protection, the
addition of functions to metal surfaces as well as anti-corrosion of metals by
electrochemical technology also create special effects. The electrochemical power source
for the production and storage of electrical energy is also of great importance and value
as the basis for the modern development and intelligentization of all sectors of society.
Electrochemistry also contributes to rapid and effective access to current areas such as
environmentally effective control and treatment, diagnosis, and treatment in biomedical as
well as the manufacturing and extraction of nanomaterials and nanotechnologies.

Keywords: Electrolyte; Electrode potention; Current density; Anodic process; Cathodic process.
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