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- Diém néi bit:
v/ Xay dung thanh cong cong thiic hdn hop sinh nhiét tir bt sit va than hoat tinh
v' Sir dung phuong phap thiét ké t6 hop trung tim (CCD) va bé mit dap
mg (RSM) dé ti uu cac thanh phan.
v' Hon hop sinh nhiét c6 thoi gian giir nhiét 1én dén 10 h, nhiét d6 toa ra an
toan voi nguoi st dung.

- Tém tit: Sy an toan va hiéu qua su dung ctia miéng dan gitr 4m hoéa hoc phu thudc
vao ham luong bot sat va than hoat tinh. Nghién ctru nay xac dinh ham lugng tdi wu cua
bot sat va than hoat tinh dé nhiét d¢ téa 16n nhat < 60°C va thoi gian téa nhiét 16n nhat.
Bing phuong phap thiét ké t6 hop trung tam (Central Composite Designs - CCD) két hop
v6i phwong phap bé mat dap tmg (RSM), nghién ctru dwa ra diéu kién tot nhat dé dat duoc
muc tiéu cia thi nghiém. Két qua nghién ciru cho thay, mé hinh thir nghiém c6 do tin ciy
cao (p < 0,05). Cac bién doc 1ap (ham luong bot st than hoat tinh) va cac bién phy thudce
(thoi gian toa nhiét hitu ich (Time) va nhiét do téa lon nhat (Tmax)) ¢6 mdi quan hé tuyén
tinh thong qua phuong trinh bac hai. Ham luong bot sit va than hoat tinh t6i uu lan luot
14 33,37% va 14,22%, khi d6 Time = 10 h va Tmax = 54,47°C. Khao sat thuc té cho thay
su chénh léch khong dang ké voi két qua tinh toan va cho thay két qua nghién ciru phu
hop dé xac dinh cong thirc miéng dan giir 4m héa hoc dé dam bao hiéu qua toa nhiét va
an toan khi str dung.

- Tir khod: Miéng dan giiv dm, bé mat ddp g, bot sat, than hoat tinh.

1. PAT VAN PE

Miéng dan giit 4m héa hoc, hay con goi té’[ 1a miéng dan gitr 4m, 1a mot san phim sur
dung phan ng hoa hoc dé tao ra nhiét, gitp giit 4m cho co thé trong cac diéu kién thoi tiét
lanh. Cac miéng déan nay c6 nhiéu 1 {Umg dyng, tir vi€c sir dung trong thé thao mua dong, gitr

am thuc pham, dén viéc hd tro diéu tri cac van d& stc khoe nhu dau nhirc co thé. Chung
thuong dugce thiet ke de su dung mot 1an va co thé tao ra nhiét trong mot khoang thoi gian
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nhét dinh, tiy thudc vao thanh phan, diéu kién méi truong nhu nhiét d6 va do am.

Thanh ph?m chinh cua hdn hop sinh nhiét nhu bot sat, mudi hoat tinh (NaCl),
khoang vat (vermiculite, diatomite), nudc va than hoat tinh. Khi miéng dan duoc kich
hoat (thuong bang cach xé bao bi hoic tiép xtc vdi khong khi), cac thanh phan nay s&
phan Umg v6i nhau, tao ra nhiét thong qua qua trinh oxy hoa bot sat [1, 2]. Nguyén ly co
ban ctia miéng dan gitr Am 1a phan tng toa nhiét dya trén phan (ng oxi hoa khir sat kim
loai theo phéan tmg 4Fe + 30, — 2Fe>03. Bot sét 1a tac nhan sinh nhiét chinh, vi phan tng
oxy hoéa la phan Gng téa nhiét [3]. Ham luong bot sat ti 1& thuan v6i nhiét lugng toa nén
tiy vao nhiét d mong mudn can dat dé xac dinh lugng dung phu hop. Bé st dung cho
con nguoi, nhiét do tda can thich hop dé khong lam ton thuong da (nhiét d bé mat 16n
nhit < 60°C va nhiét do duy tri khi sir dung an toan tir 41-44°C) [4, 5]. Pong thoi, miéng
dan giit 4m can dam bao thoi gian toa nhiét kéo dai. Do vay, ngoai viéc lya chon ham
luong bot sat, nguoi ta bo sung cac phu gia dé tang thoi gian gitr am. Than hoat tinh c6
dién tich bé mat 16n va cau trac xdp, vi vay né hap thu, giit lai nude va hoi nude duge tao
ra trong qua trinh tao nhiét, dam bao duy tri thoi gian toa nhiét, dong thoi ciing hip thy
mui kho chiu phat sinh trong qua trinh oxy hoa sat [1]. Trong khi do, mudi hoat tinh 13
chat xtic tac cho phan ng gitp ting tdc phan tmg oxy hoa ctia bot st va duy tri phan ng
lién tuc [2]. Viéc xac dinh ham lugng bot sdt va than hoat tinh can dugc tién hanh dong
thoi dé dam bao hiéu qua toa nhiét va an toan khi st dung. Hién nay, cac cong bd vé linh
vuc nay con kha han ché.

Trong cac img dung ky thuét, phuong phap bé mat phan Gng (RSM) la quy trinh
duoc thiét 1ap tt dé toi wu hoa mot hay nhiéu tham sb phu hop bang cac phuong phap
toan hoc va thdng ké. Tir cac dicu kién thir nghiém, c6 thé t6i wu hoa mét tham s6 bang
RSM trong mét chu ky thi nghiém tbi thiéu dé dat duoc két qua mong mudn. Céc nghién
ctru trude day sir dung RSM dé t6i wu cong thire chiét xuit duoc lidu [6], t6i uu hoa cac
quy trinh thie phdm nhu san xudt vi sinh vat, cong thirc ché pham [7]. M6 hinh thi nghiém
dwa trén cac phuong phap quy hoach thuc nghiém nhu Box-Behnken hodc thiét ké t6 hop
trung tdm (Central Composite Designs - CCD) két hop voi RSM dua ra diéu kién tot nhat
dé dat dugc muc tiéu cia thi nghiém [6, 8].

Trong nghién ctru nay, sir dung phuong phap CCD dé thiét ke va khdo sat cac thong
s6 thi nghiém gdm ham lwong bot sit va than hoat tinh, sau do t6i vu hoa bang phuong
phap RSM, tir d6 lua chon dugc thanh phan tdi wu cua mleng dan gitt 4m hoa hoc, dam
bao hi¢u qua toa nhiét va an toan khi st dung.

2. PHUONG PHAP NGHIEN CUU VA THU'C NGHIEM
2.1. Pbi twong nghién ctru

Hon hop sinh nhiét voi bot sit 1a tac nhan chinh va cac thanh phan phu trg bao gdom:
than hoat tinh, mudi hoat tinh (NaCl), khoang vat (vermiculite) va nudc khir ion. Trong
nghién ctru ndy, xay dung nhitng cong thirc hon hop bot sinh nhiét voi ham luong bot sat
va ham lugng than hoat tinh khéac nhau va cac thanh phﬁn khéc cb dinh. Bot sit ¢6 do tinh
khiét > 99%, kich thudc hat tir 100-325 mesh, khdi luong riéng 2,9-3,1 g/cm?. Than hoat
tinh c6 kich thuéc hat tir 0,4-0,15 mm, d6 sach 95%.
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2.2. Khio sat anh hwéng cia don yéu t6

Muc dich cta thi nghiém 1a x4c dinh diéu kién bién cho mé hinh RSM. Phéi tron
cac hon hop sinh nhiét véi thanh phé”m bot st va than hoat tinh thay d6i. Hé thi nghiém
1, chi thay d6i khoi lugng bot sat 1an lugt 1a 5, 15, 25, 35, 45, 55%. Hé thi nghiém 2, chi
thay d6i khdi lwong than hoat tinh lan lwot 14 0, 5, 10, 15, 20, 25%. Theo ddi nhiét d6 toa
16n nhat va thoi gian duy tri nhiét d6 hiru ich > 40°C cua timg thi nghiém dé danh gia anh
hudng ctia khéi lugng bot st va than hoat tinh dén hiéu qué ctia hon hop sinh nhiét. Theo
d6, nhiét do toa 16n nhat phai duge gidi han < 60°C dé dam bao an toan.

2.3. Thiét ké thyc nghi¢ém bé miit phan tng

Trong bai bao nay, RSM nhu mot thiét ké t6 hop trung tam (CCD) da duogc sir dung
bang cach str dung phan mém Design Expert 13 (Stat-Ease, Hoa Ky) gitip t6i wu hoa cac
bién dau vao (blen doc 1ap) dé nhan duoc thoi gian toa nhiét hitu ich t6i da va nhiét do

tda 1on nhat nam trong gidi han cho phép. Khoang ham lugng va hé sb xoay ciia bién doc
1ap dugc dua ra trong Bang 1.

Bang 1. Pham vi va muc d6 cia cac bién doc 1&p duoc st dung cho CCD

Bién doc lap | Ky Ponvi | Min Max -a +a
hi¢u
Bot sat A % 15 45 10,2 49,8
Than  hoat | B % 5 15 3,4 16,6
tinh
Cha thich: - o 1a hé s xoay

- Min 1a gia tri ham luong nhé nhét (%) duogc st dung
- Max la gia tri ham lugng nhd nhét (%) dugc st dung

CCD c¢6 thé phén tich mé hinh bac hai véi d6 chinh xac cao. Hai bién quan trong la
ham lugng bot sat, ham lugng than hoat tinh anh hudng dén thoi gian téa nhiét hiru ich
vanhiét do toa lon nhat ctia hon hop. Theo cac thir nghiém sang loc, cac bién nay va cac
khoang noéng do (ty 18) cua ching da dugc thiét ké (bang 2). Piéu nay di duoc sir dung
dé thu duoc cac s6 hang tuyén tinh, tuong tac, bu trir va bac hai theo cong thuc (1).

Y =po+ B1X1 + ﬁzXz + 33X X2 + BaXi + BsXo (D)

Trong do: Bo, B1, B2, B3, Pa, Bs 12 hé s6 dugc xac dinh theo mé hinh; X1, X 1a cac
bién doc 1ap (ham luong bot sat, ham luong than hoat tinh). Dé giam thiéu sw anh huong
ctia cac yéu td khong kiém sodt, cac thi nghiém dugc tién hanh theo cach ngau nhién. Cac
bién phu thudc Y 1a thoi gian téa nhiét hiru ich (Time) va nhiét 6 toa 1on nhat (Tmax).
Trong nghién ciru ndy, diém t6i uu cua thoi gian toa nhiét trong mo hinh 1a gia tri 1on
nhét (> 8 h); nhiét do toa 1on nhéat nam trong khoang < 60°C dé dam bao an toan khi st
dung s& duogc thiét lap dé tdi wu cong thirc va ham lugng vt liéu sir dung 1a nho nhat dé
tiét kiém chi phi.
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Bang 2. Gia tri cac bién doc lap dugc thiét ké bang CCD va cac bién phu thudc trong

ung xac dinh theo thyc nghiém va tinh toan theo mo hinh

| B ::;tn Thoi gian (Time, h) I&hﬁzxsf‘é) tod lon nhat

(%) | tinh (%) Theo thi | Theo mo | Theo thi | Theo mb
nghiém hinh nghiém hinh

1 10,2 |10 4,09 4,48 44,2 45,69

2 15 5 4,12 3,84 45,1 4431

3 15 15 5,98 5,64 48,6 47,25

4 30 10 8,86 8,79 533 52,37

5 30 10 8,72 8,79 52,8 52,37

6 30 10 8,82 8,79 51,7 52,37

7 30 3.4 4,82 4,97 47,6 47,44

8 30 10 8,92 8,79 52,2 52,37

9 30 10 8,83 8,79 51,9 52,37

10 30 10 8,61 8,79 52,3 52,37

11 30 16,6 8,84 9,08 51,9 52,59

12 45 5 7,21 7,19 54,1 54,92

13 45 15 11,71 11,63 59,5 59,76

14 49,8 | 10 10,65 10,65 61,9 60,94

Dua trén cac thi nghiém duogc phﬁn mém thiét ké, bé tri cac cong thtc thi nghiém
va thu thép cac bién phu thude tuong ung. Gia tri cac bién doc lap duoc thiét ké béng
CCD, cac bién phu thudc twong tmg xac dinh theo thue nghiém va tinh toan theo mé hinh
duoc trinh bay tai Bang 2. Két qua thiét 1ap mo hinh va kiém tra két qua c6 y nghia thong
ké thong qua gia tri p, vdi p < 0,05.

2.4. Phwong phap xac dinh thoi gian téa nhiét hiru ich va nhiét d téa I6n nhat

Thi nghiém tda nhiét dugc dat trong hop kin dé dam bao diéu kién thi nghi¢ém déng
nhéat, hdn hop sinh nhiét dat trong tii vai khong dét kich thude 13,5 x 10 cm. Str dung cam
bién nhiét dat trén bé mat hén hop. Cam bién nhiét duoc két ndi voi may tinh dé ghi két
qua, cai dat thoi gian ghi s6 liéu 12 5 min/ 1an (Hinh 1). Thoi gian toa nhiét hitu ich hiéu qua
duoc xéac dinh khi nhiét d6 > 40°C. Két thuc thi nghiém khi nhiét d6 <40°C, ghi nhén thoi
gian téa nhiét va nhiét do téa lon nhat cia hdn hop. Thi nghiém duoc 1dp lai 5 lan.
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Hinh 1. So d0 bb tri thi nghiém xéc dinh thoi gian toa nhiét va nhiét do téa 1on nhat.
3.KET QUA VA THAO LUAN
3.1. Két qua khao sat don yéu té

Két qua nghién ctru cho thy, ham luong bot st tac dong dang ké dén thoi gian va
nhiét d6 toa cua hdn hop sinh nhi¢t (Hinh 2a). Khi ham lugng bot sat 1 5%, nhiét do toa
thap nhét chi 40,7°C va thoi gian téa nhiét kéo dai 0,8 h. Didu nay phu hop véi 1y thuyét
khi bot sit 1a nguyén liéu chinh cho phan tng téa nhiét. Nhiét do toa tang nhanh (tur
45,8-64,8°C) khi ham lugng bot sit tang tir 15-55%, dong thoi thoi gian toa nhiét ciing
tang tir 4,1 h 1én 10,5 h. Tuy nhién, nhiét d6 cao > 60°C c6 thé dan dén kich tmg da khi
str dung nén hoang ham lwong bot sét tir 15-45% duge lya chon dé khao sat tiép.

Ham luong than hoat tinh tic dong 16n dén thoi gian toa nhiét. Khi khong ¢ than
hoat tinh, phan tmg toa nhiét van dién ra, tuy nhién thoi gian duy tri ngan chi 13 2,8 h. Khi
tang ham lugng than hoat tinh tir 5% 1€n 15% thoi gian tda nhiét tang tir 4,7 h 1én 10,5 h.
Khi ham luong than hoat tinh 1a 25%, thoi gian téa nhiét hitu ich chi taing nhe (1én 11,4
h). Tuong ty, nhiét d6 téa chi ting manh khi ting ham lugng trong khoang tir 0% dén
15%, & ham lugng > 15 %, nhiét 46 thay doi khong dang ké. Nhu vay khoang ham lugng
than hoat tinh phui hgp dé khao sat bang mo hinh RSM 1a tir 5% dén 15%.

Théi gian téa nhiét Nhiét 3 16n nhét

515 53,4

Thoi gian (gio)

5 15 25 35 45 55 5 15 25 35 45 55
Ham lrgng bt sat (%) Ham lrgng bt sat (%)

a. Anh hudng cua ham lugng bot sit

Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 38, 06 - 2025 40



Nghién curu khoa hoc céng nghé

Théi gian téa nhiét Nhiét d3 16n nhit

B 11,2 114
12 10,5 > i

Thoi gian (gio)

0 5 10 15 20 25 0 5 10 15 20 25
Ham lrgng than hoat tinh (%0) Ham lrgng than hoat tinh (%)

b. Anh hudng ctia ham lugng than hoat tinh
Hinh 2. Anh hudng cta ham luong bot st va than hoat tinh dén thoi gian toa nhiét va
nhi¢t do
3.2. Két qua xdy dung phwong trinh hdi quy

Trong nghién ciru nay, hai bién s6 ham luong bot sat va ham Iugng than hoat tinh
duoc str dung dé thiét ké mo hinh thi nghiém. Theo thiét k& CCD, téng cong ¢ 14 thi
nghiém (bang 2) d3 duogc thuc hién dé xac dinh hé sé ciia phuong trinh tuyén tinh bac hai
(xem phuong trinh (2) va (3)).

Time = -3.2185 + 0.2549 x B{t sét + 0.8574 x Than hoat tinh + 0.0088 x Bot st x
Than hoat tinh - 0.0031 x Bt sat? - 0.0405 x Than hoat tinh? 2)

Tmax = 35,5929 + 0,1766 x Bot sat + 1,2790 x Than hoat tinh - 0,0540 x Than hoat
tinh? 3)

Trong hai phuong trinh hdi quy, ca bot sit va than hoat tinh déu anh hudng dén
Time va Tmax theo hudng ban dau 1a tang, nhung déu c6 thanh phan bac hai 4m nén ton
tai diém t6i vy, diéu nay am chi rang sau d6 néu tlep tuc tang s€ lam giam hi¢u qua. Nhin
chung, ca hai chat déu c6 tac dong dang ké, nhung can phdi hop va diéu chinh lidu lugng
hop 1y dé dat hiéu qua t6i uu. Ty 1& loai bo thuc nghiém, cting vdi cac gia tri loai bo dy
doan cho cac by Time va Tmax, dugc trinh bay trong Bang 2. Trong cac thi nghiém thuc
nghiém, gia tri Time dat cao nhat1a 11,71 hva thép nhat 13 4,09 h, trong khi do, cac gia
tri nay duoc du doan bai CCD lan Iuot 14 11,63 h va 3,84 h. Bdi voi Tmax, gia tri cao
nhit va thép nhét dat duoc trong thi nghiém thyc nghiém lan luot 14 61,9°C va 44,2°C;
cac gia tri nay du doan bédi CCD tuong ung 1a 60,94°C va 44,3°C. Sy chénh Iéch gitra dir
liéu thyc nghiém va cac gia tri du doan tir RSM cho théy mé hinh dé xuét co do tin cay
va kha ning ap dung cao. Két qua nghién ciru cho thdy su trong quan déng ké giira cac
gia tri dy doan tir mo hinh bac hai va cac gia tri thuc nghiém, phan anh d chinh xac cua
md hinh. Do d6, cic md hinh dé xut cho thiy kha nang du doan tdt trong cac diéu kién
thi nghiém dugc xem xét.

3.3. Két qua phan tich phuong sai va tinh phit hop ctia mé hinh

Danh gia tinh phu hop cia mé hinh dya trén két qua phén tich ANOVA dé tranh
cac ket qua khong 10 rang hodc khong day du trong qua trinh toi wu hoa. Két qua phan
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tich phuong sai ANOVA cho cac mé hinh dugce dé xuat (mo hinh Time va md hinh Tmax)
duogc the hién trong Bang 3.

Bang 3. Két qua phan tich ANOVA cho md hinh béc hai

ANOVA ciia mo hinh thai gian téa nhiét

ANOVA cia mé hinh nhiét do téa lom

hiru ich (Time) nhit (Tmax)
Téng Phuong | Gia tri | Gia tri | Tong |Phwong| Gid tri | Gidtrip
binh sai kiém p binh sai kiém
phuong dinh F phuong dinh F
do 1éch do léch
ll:ffl‘l’h 69,89 13,98 296,96 | <0,0001 | 292,2 58,44 | 53,34 <0,0001
A-Bot
& 40,82 40,82 867,15 | <0,0001 | 250,07 | 250,07 | 228,23 |<0,0001
B-
Than
hoat 18,18 18,18 386,31 | <0,0001 | 28,39 28,39 | 25,91 0,0014
tinh
AB 1,74 1,74 37,02 0,0005 | 0,9025 |0,9025 | 0,8237 | 0,3943
A2 2,98 2,98 63,31 <0,0001 | 1,8 1,8 1,64 0,2409
B2 6,19 6,19 131,58 | <0,0001 | 11,01 11,01 | 10,05 0,0157
Sédw |0,3295 |0,0471 7,67 1,1
Sl_I’
thiéu
phu 02682 | 0,0894 | 5,84 0,0607 | 6,24 2,08 5,83 0,0607
hop
(LOF)
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Phan du da dugc chuan héa bén ngoai

Biéu d6 chuén héa phan du

Phan du da chudn héa bén ngoai
a. Biéu d6 chuan cua phan du
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Hinh 3. Cac biéu d6 chin doan vé cac thudc tinh thong ké cia mé hinh Time

Kiém dinh F di dugc xem xét dé danh gia y nghia cta cac mo hinh duoc dé xuat.
Gia tri F ciia m6 hinh Time va Tmax lan luot 13 69,89 va 292,2, rét cao, cho thiy mé hinh
¢6 ¥ nghia théng ké voi xac suat chi 0,01% xay ra nhiéu. Bén canh d6, gia tri p lién quan
dugc xem xét dé quyét dinh xem gia tri F c6 du 16n dé x4c nhan y nghia thong ké hay
khong [8]. Két qua phan tich cho thy, ca hai mo hinh déu ¢ p < 0,0001, didu nay thé
hién m6 hinh c6 y nghia thdng ké. Thém vao d6, hé sb tuong quan ctia mé hinh 1 1a R? =
0,9953 va R2 diéu chinh = 0,992, tuong tu, h¢ sb tuong quan cua md hinh 2 1a R?=0,9744
va R2? diéu chinh = 0,9562. Céc gia tri thu duge cia R?, R? diéu chinh gén bﬁng 1, ching
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t6 do phu hop tt ctia cac md hinh trong dir liéu thyc nghiém [8]. Gia tri p > 0,05 ddi véi
chi s6 LOF cho thay khong c6 y nghia thong ké va diéu d6 chi ra ring cac mo hinh c6 thé
duoc sir dung dé du doan cac phan hoi. Pbi véi mé hinh Time, cac tham sd A, B, AB, A,
B? (p < 0,05) thé hién mirc twong quan cao cia cic tham sé nay ddi véi phuong trinh
tuyén tinh bac hai ctia thoi gian téa nhiét hitu ich. Tai mo hinh Tmax, chi c6 cac tham s6
A, B, B? thé hién mtrc y nghia cao (p < 0,05), cac tham s6 con lai AB, A? ¢6 gia tri p >
0,05 thé hién murc twong tac thap ddi vai bién phu thudc Tmax.
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Hinh 4. Céc biéu d6 chan doan veé cac thudc tinh thong ké cia mo6 hinh Tmax.
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Céc biéu do chan doan vé cac thudc tinh thong ké ciia hai mé hinh dugc minh hoa
trong Hinh 3 va Hinh 4. Phan tich biéu dd chuan cua phan du c6 ¥ nghia dic biét quan
trong vi no gitip kiém tra gia dinh vé phan phdi chun, diéu kién can thiét dé xac thyc mo
hinh théng ké [9]. Biéu d6 chuan hoa phan du (Hinh 3a, 4a) x4c nhan phan phdi chuin
clia sai sb. Biéu do phan du so véi gia tri du doan (Hinh 3b, 4b) va theo ting lan chay
(Hinh 3c, 4c) cho thdy phan du phan bd ngau nhién quanh duong y = 0, khéng co xu
hudng rd rét, chimg t6 mo hinh phi hop va on dinh. Ngoai ra, biéu do gia tri dy doan so
v6i thyc t& (Hinh 3d, 4d) cho thay dir liéu nam gan duong y = x, cho thdy mé hinh c6 d6
chinh xac cao.

Time

Time
B: Than hoat tinh (%)

a % B

A: Bt sit (%)

Tmax

Tmax

B: Than hoat tinh (%)

@

»n » s

A: Bot sit (%)

" » 2

Nﬁb‘#
b. Nhiét d6 téa 1on nhat

Hinh 5. Mdi twong quan giita ham lugng bot sat va ham lugng than hoat tinh dén
thoi gian tda nhiét va nhiét d6 toa 16n nhat trong mé hinh RSM.
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Su két hop gitta cac bién doc 1ap dugc minh hoa qua cac biéu dd 3D (Hinh 5). Hinh
5a cho thay mdi quan hé dong bién giira thoi gian toa nhiét hiru ich va luong bot sat, than
hoat tinh (p < 0,05). Gia tri Time c6 xu huéng ting khi ca hai yéu t5 bot st va than hoat
tinh déu tang 1&n va dat gia tri cao nhét tai ham lugng than hoat tinh khoang tir 9-15% va
bot st tir 33-45%. Khi gilt ¢ dinh mot bién va tang bién con lai, gia tri Time cling c6 xu
hudng ting 1én nhung gia tri thap hon. Két qua nay c6 thé dwoc sir dung dé téi uwu hoa
thoi gian téa nhiét hitu ich trong thuc té dwa vao thay ddi ham lugng bot st va than hoat
tinh. Tai Hinh 5b, su bién thién vé gia tri Tmax dugc phat hién ro rang khi tang ham lugng
bot st va than hoat tinh. Ca bot sat va than hoat tinh tac dong dang ké dén nhiét do toa
(p <0,05), nhung su bién thién dién ra manh hon khi thay d6i ham lugng bot sét. Khoang
ghi nhan Tmax cao nhét khi ham lugng bt sat tir 33-45% va than hoat tinh tir 7-15%.
bay la hai thanh phan chinh cho phan tmg téa nhiét, vi vay khi ting dong thoi ham luong,
dac biét 1a bot sat thi nhiét do toa s& cang ting. Tuy nhién, dé dam bao an toan, can kiém
soat ham luong vat liéu dé dam bao nhiét d6 toa tdi da nén nhé hon 60°C.

3.4. Xac dinh cong thirc t6i wu va doi chimg véi thue té

Téi wu ham luong bot Sét va than hoat tinh nham dat duoc cong thic hdn hop sinh
nhiét pht hop dé san xuat miéng dan gitr 4m cho con ngudi. Do vay dé dam bao tinh an
toan, thiét 1ap diéu kién bién cho Tmax < 60°C va thoi gian giit 4m mong mudn 13 16n
nhét (va>8h). Két qua md hinh xac dinh dugc gia tri ham lugng bot st 1a 33,37%, ham
luong than hoat tinh 1a 14,22% va két qua tuong ung véi thoi gian téa nhiét hiru ich 16n
nhit 1a 10 h, nhiét do toa 1on nhét 1a 54,47°C (Hinh 6). Khao sat thyc t& v6i ham luong
d3 t6i uu, khi d6 dién bién nhiét d6 ciia hdn hop sinh nhiét duoc thé hién tai Hinh 6. Nhiét
do téa 16n nhét xac dinh dugc 1a 53+1,28°C va thoi gian téa nhiét hiru ich 9,68+0,42 h
khong c6 chénh léch déng ké so vdi két qua téi uu bang RSM.

ABOt sat = 33.3732 B:Than hoat tinh = 142177

409 1mn 442 619

Time = 9.9959 Tmax = 54.4658

Hinh 6. Két qua xac dinh cac gié tri tbi wu dua trén phuong phap RSM
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4. KET LUAN

Céc diéu kién thi nghiém di duoc thiét 1ap bang phuong phap CCD va tbi uu bang
phuong phap RSM. Trong nghién ctru RSM, hai bién khac nhau 12 ham luong bot sat va
ham luong than hoat tinh da dugc st dung ¢ cac gia tri khac nhau. Hai bién phu thudce 1a
thoi gian téa nhiét hitu ich va nhiét do toa 16n nhat dugc biéu dién bang phuong trinh
tuyén tinh bac hai va mé hinh ¢ ¥ nghia thong ké (p < 0,05). Két qua t6i wu ham luong
bot sit 1a 33,37% va ham lwong than hoat tinh 13 14,22%, khi d6 thi nghiém thuc té xac
dinh duogc nhiét do toa 16n nhat xac dinh duge 1a 53+1,28°C va thoi gian toa nhiét hitu
ich 9,68+0,42 h, khong c6 su khac biét dang ké ddi voi két qua xac dinh bang RSM. Day
1a co s& dé xay dung cong thirc hdn hop sinh nhiét cho miéng dan giir 4m hoa hoc dé dam
bao hi€u qua tda nhiét va an toan khi st dung.

Léi cam on: Bai bdo dwoc tdi tro kinh phi béi dé tdi cap co sé Trung tam Nhiét ddi
Viét - Nga: “Nghién citu ché tao miéng dan gitk am cho b doi ding trong diéu kién thoi
tiét rét dam, rét hai”.

Tuyén bo vé déng gop ciia tic gia: Nguyén Thi Thu Thuy: Xdy dung tong quan,
soan ban thdao bai bao. Nguyé~n Van Thanh: Ra soat va chiu trach nhiém noi dung ban
thao. Qudch Thi Quynh: Thu thdp mau nghién ciru. Pao Nguyén Manh, Pham Thi Phuong
Lién, Vi Thi Loan: Lwa chon cdc yéu 16 anh huong dé dua ra diéu kién 16i wu, thiét ké va
tién hanh thi nghiém. Bui Pinh Khai, Nguyén Vian Khanh, Tran Linh Hién, Hoang Thi
Thu Hién: Xt Iy s6 liéu dé chon cong thirc toi weu.

Tuyén bé vé xung dét lpi ich: Bai bdo khéng cé xung dot loi ich véi bat ky tac
gid nao.
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ABSTRACT

A STUDY TO DETERMINE THE OPTIMAL MASS OF IRON POWDER
AND ACTIVATED CARBON IN THE FORMULATION OF CHEMICAL HEAT
PATCHES TO ENSURE EFFICIENT THERMAL OUTPUT AND SAFETY
DURING USE

The safety and effectiveness of chemical heat patches depend on the content of iron
powder and activated carbon. This study aims to determine the optimal mass of iron
powder and activated carbon to achieve a maximum heat release temperature below 60
°C and to prolong the heat release duration. Using the Central Composite Design (CCD)
method, in combination with Response Surface Methodology (RSM), was employed to
identify the optimal conditions that satisfy the experimental objectives. The results show
that the experimental model is highly reliable (p < 0.05). The independent variables (iron
powder and activated carbon mass) and the dependent variables (effective heat release
time (Time) and maximum heat release temperature (Tmax)) have a linear relationship
through a quadratic equation. The optimal contents of iron powder and activated carbon
are 33.37% and 14.22%, respectively, resulting in a heat release time of 10 hours and a
maximum temperature of 54.47°C. The actual survey showed that the difference with the
calculation results was insignificant. These findings demonstrate the suitability of the
proposed formulations for developing chemical heat-retaining patches that ensure
efficient heat dissipation and user safety.

Keywords: heat pack, response surface methodology, iron powder, activated
carbon.
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