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Biomass AC data

AC-ReskD — > Prediction - Interpretation - Pareto windows
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MATERIAL / PROCESS CONTEXT TARGETS

SEEYIRER 1
iﬁiﬁ{{%: KOH / HsPO4 / ZnCl, / ... SBET VT Yl eld

AEIEEZL: one-step / two-step

ECZRMEFR / surface area SFLRFA / total pore JREUER / mass yield
volume
METHOD GAP
bk =[] ARG
o INVFEK + FRIRECIO R, YMELRREZIL 224155 ResDNN B EI=ABxR
o BR{FSZHRBIZRE S_BET/V_T/ Yield U8B S . ﬁﬁ PD-KD / TA-KD EfENHE S LR
o BRETUNMELIFEE L AT ZEEIN * FH robust Pareto screening 2B A HTIEE —FIE—AEEN
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Teacher library + shared ResDNN student + prediction-level and teacher-aware knowledge distillation

MODEL COMPONENTS

1 Teacher library
AARE BREESERIEFRNNEEFS teacher, RLBEIFEXRAIT
aFmml,

Shared ResDNN
H== backbone + Z0EIHk, [ERITRN S_BET. V_T# Yield,

PD-KD / TA-KD
PD-KD TEIRZEME S | teacher soft targets; TA-KD 45 teacher
predictions {E/I%HBIHINHIE.

a Pareto screening
iR T 22 ahimsfaEn] Pareto X1e, FFADNENERENA
PITSECEE.

Input: agent - temperature/time - impregnation - heating rate - precursor composition

Input Teachers
Random Forest -
(KOH / H:POs / ZnCla / ....,One-Hot) ; . . T1(x) —» “Teacher-Seer”
Gradient Boosting Regression Tree * T2(x) — “Teacher- Py
Support Vector Regression Model selection 1Y)z e
e =
(T1,T2,T3)
Vanilla-SL I
— distillation term
Teacher outputs ‘ PD-KD MSE(, $T)
(Teacher-Sger, Teacher- Vr, Teacher-
Mian) ‘—TA'KD PD-KD LD
TAKD Vanilla-SL Huber(y, 7)
; Student Seer head 1
. ResDNN -FC — [ 1 (See
1 - GELU+Drop | P Ser)
i |
. nx Residual MLP blocks .
b Input cmbeddi e, Sharedlatentz pe o !
- put embedding _5. FC, GELU, Dropout —_—> —> —T1> 2 (V,
| (FCIGELU+DropOuf)  _-FC, Dropout (Cevelor) v " o
- - Squeeze-and-Excitation (SE) 2 1
! - DropPath + residual .
I
|
1

- GELU#Drop — 1> | (Myiciq)




gt B—iENNXIREREGSR AL .

Combined / one-step / two-step datasets; 20 repeated random 80/20 splits; metrics in original units

DATASET CONFIGURATIONS

Combined One-step Two-step
gi'gg"“e'“ep% two-step fitfk, HLHLSEIE B —EGEAMT, R SERRFSTEL, TR TR e

EVALUATION LOOP

Train/test split Preprocessing Teacher selection Student training Evaluation

per-target, training set Vanilla-SL / PD-KD / TA-KD R2, RMISE, Pearson r

80/20 x 20 repeats fit only on training set only

TARGETS AND CLAIM TYPE

o FrEMNEEEIMER I —CERRIYIERM FitE, ER{URE scaled-space 5.
o RZTFEEEICET 20 ) XRESMH XIS EIIER 95% confidence intervals, TIAZEX split BIBIALE
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Separated routes show clearer monotonicity; mass yield is the most consistent beneficiary of distillation

TA-KD PERFORMANCE SUMMARY: R?

Dataset

Combined

One-step

Two-step

S_BET

0.768

0.806

0.801

DISTILLATION EFFECT ON COMBINED DATASET

S_BET

+0.060

0.708 - 0.768

V_T

0.739

0.787

0.817

.;0.081 0.658 - 0.739

it BB Table 1R TA-KD RIR* IYE; EFRERRHEUSEERIIMAGESE,

Yield

+0.239

Yield

0.816

0.825

0.791

0.577 - 0.816
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PFI / SHAP jointly identify teacher outputs, agent identity and thermal severity as dominant drivers

CONVERGENT INTERPRETATION

Teacher outputs SRR, e MEATIS R FhY
o
F3,

IRTESEIR, FREVELE(ERIZ, RFLEHE—BER

Agent type RERIREFF R,

activation temperature/time TP ZHRE, 2
ERNEBNFEEEETE,

Thermal severity

ROUTE-SPECIFIC MECHANISTIC SIGNALS

One-step Two-step
RIRERIRT V_T B PRTEEEN EH

FRTEAS 2 ERIRIKH—oK SHAP B, T/R25SMBE. calibration/parity behavior F Pareto £55RAEE EMIIE,



T Z2ti: MFniiEBEZl route-/agent-specific operating .
windows

Robust Pareto screening + quantile-window extraction gives actionable temperature—dose—time envelopes

SUMMARY OF RECOMMENDED OPERATING SIGNATURES distanon (410%) distns (30
3000 ‘ 0 3000 = ——— “10
: ’;...‘...:‘ ﬁ"'.: ;0'.. .
Route Agent Process signature Activation window - . 00 S R
] 0} 2L OO oy Os 0 o5
E 2000 E2000 | et ’-,.‘ ',':...-.a0° oot
SN — o % 6 ﬁ "5:.. o..' T et 6
One-step HsPO, =R + DR 638-682 °C - £ oo N et
5 5 c e el e
% 1000 i’ ;g 1000 o i oo 5 2 ¢
One-step KOH K—PEElin 452-480 °C 2 2 . o
500 2 500 O ) - 2
All candidates All candidates
0 *Robust Pareto/quasi-Paret 0 *Robust Pareto/quasi-Paret
One-step ZnCl, V_T-oriented envelope 521-599 °C 40 60 80 100 120 140 160 180 O 40 60 8 100 120 140 160 180 °
- Act. T(°C) Act. T(°C)
(a) (b)
Crowding
S —_ — distance (x10°
Two-step (NH;).PO4 RRETRRGHY + SRR 786-835 °C 3000 g
2500
» -8
Two-step KOH preform first, activate briefly 633-715 °C £ 2000
é 6
qé, 1500
Two-step ZnCl, NSRS, RV_TIEE 799-832 °C s .
_g 1000
=
500 2
SCIENTIFIC IMPLICATION 0 " *®Robust Pareto/quasi-Paret
40 60 80 100 120 140 160 180 O
Act. T(°C)

AFER—BRRNEN, HEEFEEOYRERMKET activation agent F] ©
processing route, Two-step Z5ERIH—15BA pyrolysis BT EELELTEKEY
LT Robust Pareto screening for one-step and two-step activation



£518: AC-ReskD AUMERTRIERIZITHRATRN —
R — (L IAA

A concise academic summary for journal website / WeChat promotion

TAKE-HOME POINTS

Prediction TA-KD 7E combined 5 route-separated datasets FFEZ{RZRIR
fofi, TTHBEUEE vield FUU,

: SRR SR IE—EL: agent. temperature/time.
Mechanism impregnation 5 pyrolysis - EHEEIZL AT — I ZAY .

ing JEFETUES K - -
Optimization Robgs.t I?greto sgreEenlng !vf%x%ﬂﬂﬂ?ﬂ’ﬁ] route-/agent
specific ;mE —FIE—AJEEO.,

RELATED WORKS FOR PROMOTION

Zhao et al. (2025) TSEP: GIANet for zeolite adsorption | Yu et al. (2024) Powder Technology: pinecone-derived AC | Chairunnisa et al. (2024) J Mater Sci: sustainable AC review | Li et al.

(2025) Energy: pine-cone AC for CO, capture
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