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Chuyén dé: Nhom va hop chat - Phan ung nhiét
nhom va bai toan hiéu suat

Phan (ng nhiét nhom la mot phan kién thic quan trong trong chuong trinh Héa
hoc 16p 12, thudng xuat hién trong cac bai ki€m tra va dac biét'la ky thi THPT

Quoc gia. Chuyén dé nay sé téng hgp toan bd ly thuyét va cdc dang bai tap lién

quan, gilp hoc sinh nam viing kién thic va ky nang giadi toan.
1. Ly thuyét trong tam vé phan ing nhiét nhém

1.1. Binh nghia

Phan ng nhiét nhém la phan ing hda hoc trong dé nhém (Al) khir oxit clia cac
kim loai ding sau né trong day hoat dong hdéa hoc & nhiét dd6 cao. bay la
phuong phap dung dé diéu ché cac kim loai khé néng chay nhu Crom (Cr), Sat

(Fe), Mangan (Mn),...
1.2. Ban chat va biéu kién

e Ban chat: Do c6 tinh kh&r manh, & nhiét do cao, Al c6 thé chiém oxi clia cac
oxit kim loai kém hoat dong hon (nhu Fe, Cr, Cu,...).

e Pac diém: Phan (ing tdéa ra mot lugng nhiét rat 16n, cé thé lam néng chay
kim loai méi dugc tao thanh.

e Diéu kién: Phan (ng can dugc khoi mao & nhiét d6 rat cao. H6n hop ban dau

(goi la hén hgp tecmit) thuong gom bdt nhom va bot oxit kim loai.
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1.3. Phuong trinh phan tng téng quat
Phan (ng nhiét nhém c6 thé duoc bi€u dién bang phuong trinh téng quat:
2yAl + 3MXOy - yAI203 + 3xM

Trong dé, M la kim loai ding sau Al trong day hoat déng héa hoc (vi du: Fe, Cr,

Cu,...).
Vi du minh hoa:

1. Phan ung véi sat(lll) oxit (Fe,03): Day la phan Uing nhiét nhém phé bién
nhat, dugc (’ng dung dé€ han dudng ray xe Ia.

2Al + Fe203 - A|203 + 2Fe, AHO

2. Phan ing véi sat tu oxit (Fe30,):

8Al + 3Fe304 - 4A|203 + 9Fe, AH O

3. Phan ung véi crom(lll) oxit (Cr,0;): Dung dé diéu ché crom.

2Al + CrZO3 - A|203 + 2Cr, AH O

2. Phan loai hon hop chat ran sau phan ung

Thanh phan hén hop chat ran sau phan ng phu thudc vao hiéu suat phan ng

va ti 1é mol cda cac chat tham gia.
2.1. Truong hop phan ting xay ra hoan toan (Hiéu suat H = 100%)

Khi phan (ing xay ra hoan toan, sé cé it nhat mot chat tham gia phan (ng hét.
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Thanh phan hon hop ran sau phan

Truong hop Chat phan ing hét

ung

Ca Al va MXO déu
y AL,O, va kim loai M

hét
Al du M_O_ hét Al,O,, kim loai M va Al du
X"y 273
Oxit kim loai
Al hét AI203, kim loai M va MXOy du

du

2.2. Truong hop phan ung xay ra khéng hoan toan (Hiéu suat H 100%)
Khi phan ng khong hoan toan, ca hai chat tham gia ban dau (Al va MXOy) déu

con du sau phan Ung.

e Thanh phan hén hop ran sau phan ung: Al O, kim loai M, Al du, va M, O

y du.
3. Cac dang bai todn va phuong phap giai
3.1. Dang 1: Bai toan phan ung hoan toan (H = 100%)
Phuong phap giai:
1. Viét phuong trinh héa hoc clia phan Ung.
2. Tinh s6 mol cac chat ban dau.

3. So sanh ti 1& mol dé xac dinh chat nao phan (ng hét, chat nao du.

4. Tinh todn lugng cac chat sdn phdm va chat du theo chat phan (ng hét.
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Vi du: Nung néng hon hop géom 10,8 gam Al va 48 gam Fe, 05 trong diéu kién
khong c6 khéng khi (phan ng xay ra hoan toan). Tinh khoi lugng sat (Fe) thu

duoc.

Loi gidi:

S6 mol Al: Ny = 10,8 /27 = 0,4 mol.

=48 /160 = 0,3 mol.

S6 mol Fe203: Ncar03

Phuong trinh phan &ng: 2Al + Fe, 0, - AI203 + 2Fe

Ti lé mol theo phuong trinh: Ny /2 va NEa’03 / 1.

e Tacé:0,4/2=0,2va0,3/1=0,3.Vi0,20,3nén Al phan Ung hét, Fe203

du. Moi tinh toan theo Al.

e Theo phuong trinh, Nee = Ny = 0,4 mol.

Al

e Khoi lugng Fe thu dugc: m__ =0,4 * 56 = 22,4 gam.

Fe

3.2. Dang 2: Bai toan tinh hiéu suat phan ing (H 100%)

Hiéu suat phadn Gng la ti lé gilta lugng san pham thuc té thu duoc so véi luong

san pham ly thuyét c6 thé thu duogc.

Coéng thuc tinh hiéu suat:

e Tinh theo chat tham gia: H% = (lugng chat da phan (ng / lugng chat ban
dau) x:100%. (Luu y: tinh theo chat phan (ng hét theo ly thuyét).

e Tinh theo san pham: H% = (lugng sadn phdm thuc té / lugng san pham ly

thuyét) x 100%.

Phuong phap giai:
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1. Xac dinh chéat phan ng hét theo ly thuyét (gid st H = 100%).
2. Tinh lugng sdn pham ly thuyét dua trén chat phan ng hét doé.

3. Dua vao dit kién bai toan (lugng sdn pham thuc té hoac lugng chat tham gia

da phan ng) dé€ ap dung cbng thic tinh hiéu suat.

Vi du: Tron 8,1 gam Al véi 32 gam Fe, 04 réi tién hanh phan ng nhiét nhom,

thu duogc 11,2 gam Fe. Tinh hiéu suat cla phan Ung.
Loi giai:
e S6 mol Al: n, =81/27=0,3mol

e SO mol Fe203: n =32 /160 = 0,2 mol.

Fe203

e Phuong trinh phan Gng: 2Al + Fe203 - AI203 + 2Fe

e Xéttilé:0,3/2=0,15va0,2/1=0,2.Vi0,15 0,2 nén néu H=100% thi Al

hét, hiéu suat tinh theo Al.

e Lugng Fe ly thuyét thu dugce (tinh theo Al): Neo =Ny = 0,3 mol.

(ly thuyét)

o Khéi lugng Fe ly thuyét: m = 0,3 *56 = 16,8 gam.

Fe (ly thuyét)

e Luong Fe thuc té thu dugc la 11,2 gam.

e Hiéu suat phdn ing: H% = (m / m )) x 100% = (11,2 /

Fe (thuc té) Fe (ly thuyét

16,8) X 100% = 66,67 %.
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3.3. Dang 3: Bai toan hon hop sau phan tng tac dung véi dung dich

axit/bazo

Pay la dang bai todn két hgp, yéu cau xac dinh thanh phan hén hgp sau phan
Uing nhiét nhom, sau dé viét cac phuong trinh phan Ung cda hon hgp nay véi

axit (HCI, H2504 loang/dac) hoac bazo (NaOH, KOH,...).
Phuong phap giai:

1. Xac dinh thanh phan c6 thé cé trong hon hgp ran sau phan (ng (Al,05, M, Al

du, M_O_ du).
Xy
2. Viét cac phuong trinh phan rng cla cac chat trong hon hgp véi dung dich

axit/bazo. Chu y cac chat cé kha nang phan Ung.

3. S dung cac dir kién (thé tich khi, khoi lugng két tda,...) d€ 1ap hé phuong

trinh va giai.
Luu y cac phan ing quan trong:

e V&i dd HCI, H,SO, loang: Al du va kim loai M (néu ding trudc H) phdn Gng
sinh ra khi H,. Al;05 va MXOy du phan Gng tao mudi va nudc.

e VGi dd NaOH, KOH: Chi cé Al du va Al,O4 phan Ung.

Vi du: Thuc hién phadn ng nhiét nhdm hoén hop X gom Al va Fe203 (khéng co
khong khi). Chia hon hgp sau phan (ng thanh 2 phan bang nhau. - Phan 1 cho
tac dung vai dung dich HZSO4 loang du, thu dugc 2,24 lit H, (dktc). - Phan 2
cho tadc dung véi dung dich NaOH du, thu dugc 0,896 it H2 (dktc). Tinh khoi
lugng Fe tao thanh trong moi phan.

Loi gidi:
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Phan Uing nhiét nhém: 2Al + Fe203 - AI203 + 2Fe.

H6n hgp sau phan ng c6 Al du (vi tdc dung vGi NaOH sinh ra H2). Thanh

phan gom: Fe, Al,O5, Al du.

Phan 2 + NaOH: Chi cé Al du phan Gng.

2Al + 2NaOH + 2H20 - 2NaA|O2 + 3H2

Ny (P2) = 0,896 /22,4 = 0,04 mol.

NAldu (trong p2) = (2/3) * Ny = (2/3) * 0,04 = 2/75 mol.

Phan 1 + H,S0, lodng: Ca Al du va Fe déu phan ung.

2A1 + 3H,50, - AL,(SO,); + 3H,
Fe + H,SO, - FeSO, + H,

N2 (p1) = 2,24 /22,4 = 0,1 mol.

Téng mol H, = (3/2)n = 0,1 mol.

Aldu t NFe

Thay n = 2/75 molvao, ta cé: (3/2)*(2/75) + Nee = 0,1=>004+n_ =

Al du Fe

0,1 =>n o= 0,06 mol.

F

Khoi lugng Fe tao thanh trong méi phan: Mg, = 0,06 * 56 = 3,36 gam.

4. Cac phuong phap gidi nhanh bai todan nhiét nhéom

4.1. Pinh luat bao toan khéi lugng

Khoi lugng cta hon hop trudec phan (ng ludén bang khéi lugng cla hén hgp sau

phan Gng.

mtru’érc

(Al + MxOy) =m__. (hon hop ran)
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Ung dung dé tim khéi luong ciia mot chat khi biét khéi lugng cha cédc chat con

lai.
4.2. Pinh luat bao toan nguyén té
S6 mol ctia moi nguyén t6 trudc va sau phan ng la khéng dai.

« Bao toan nguyén to Al: n,, (ban dau) = MAl (trong AI203) + DAl (du)

e Bao toan nguyén té O: n =n

O (trong oxit ban dau) O (trong AI203) " nO (trong

oxit du)

e Bao toan nguyén té M: n +n

M (trong oxit ban dau) - r]M (kim loai) M (trong oxit

du)
Pay la phuong phap cuc ky hiéu quad, gilp gidi quyét bai todn ma khdng can

viét day du cac phuong trinh phiec tap.
4.3. Pinh luat bao toan electron

Thuong ap dung cho dang bai todn hon hgp sau phan (ng tac dung vdi cac chat

oxi héa manh nhu HNO3, H-SO, dac, néng.
Tong s6 mol electron cho = Téng sé mol electron nhan
e Cac chat cho electron: Al du, kim loai M.

e Chat nhan electron: N*> (trong HNO,), S*6 (trong H,SO, déc).

Phuong phap nay gilp tinh todn nhanh lugng san pham kh{ tao thanh hoac

lugng kim loai da phan Gng.
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